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1 Preface

1.1 Scope of this Revision

This supplement defines eUSB2 PHY layer requirement and signaling attributes. Protocol
behavior which is not explicitly called out in this document shall remain the same as defined in
USB Reuvision 2.0 specification.

1.2 Revision History

Revision Date Description

Number

1.0 1 August, 2014 Initial release

1.1 03 November 2018 Updated Release containing all ECNs
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2 Introduction

2.1 Acronyms and Terms
This section lists and defines terms and abbreviations used throughout this specification.

Table 2-1: Acronyms

Acronyms Terms

Attach This specification makes a distinction between the words “attach’
and “connect”. A downstream device is attached to an upstream
port when there is a physical cable between the two

Analog Ping An analog pulse of a differential signal with variable pulse width
used by an upstream eUSB2 port in high-speed operation to
indicate its presence

Connect A downstream device is connected to an upstream port when it is
attached to the upstream port, and when the downstream device
has pulled either the D+ or D- data line high through a 1.5 kQ
resistor, to enter low-speed, full-speed or high-speed signaling.

D+ USB2 data+ pin

D- USB?2 data- pin

DRD Dual role device capable of host function and device function

DSP Downstream port

Digital Ping A single-ended digital pulse of various pulse width used in the
eUSB2 operation as a ping or an acknowledgement

Downstream The direction of data flow from the host or away from the host.
A downstream port is the port on a hub/repeater toward the
Device direction that generates downstream data traffic from the
hub. Downstream ports receive upstream data traffic

eD+ eUSB2 data+ pin

eD- eUSB?2 data- pin

eDSPn Downstream eUSB2 port in native mode

eDSPp Downstream eUSB2 port of the peripheral repeater

eDSPr Downstream eUSB?2 port facing host repeater

EOS Electrical Over Stress

ESE1 Extended SE1

eUSBr An eUSB port which has yet to be configured (dual-role) by its
associated controller, or a downstream or upstream port which
has yet to configure its repeater for host or device operation.

eUSPh Upstream eUSB2 port of the host repeater

eUSPn Upstream eUSB2 port in native mode

eUSPr Upstream eUSB2 port facing peripheral repeater

FS Full-speed

HS High-speed

LPM Link Power Management

LS Low-speed

Lx Link power management states, includes both L1 and L2.

L1 LPM-L1

L2 Suspend

POR Power On Reset

RAP Reqgister Access Protocol

Redriver Non-retiming repeater

Retimer Retiming repeater
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Acronyms Terms

Repeater General term of a bridge. In this specification, it refers to a non-
linear eUSB2-USB2 redriver.

SCM Start of Control Message

SDP Standard downstream port

SEQ Single Ended Zero

SE1 Single Ended One

SoC System-on-chip

Upstream The direction of data flow towards the host. An upstream port is
the port on a device toward the Host direction that generates
upstream data traffic from the hub/repeater. Upstream ports
receive downstream data traffic.

UUSP Upstream USB2.0 port of the peripheral repeater

UDSP Downstream USB2.0 port of the host repeater

USB OTG USB On-the-go

USB session The lifetime of a USB port in connected state

UTMI/UTMI+ The interface between the protocol layer and the eUSB2 PHY.
Refer to the UTMI/UTMI+ specification.

Walk-up port Ports which have physical connectivity through the connector

2.2 Terminology

“Shall” is normative and used to indicate mandatory requirements which are to be followed strictly
in order to conform to this standard.

“Should” is normative and used to indicate a recommended option or possibility.
“May” is normative and used to indicate permitted behavior.
“Can” is informative and used to indicate behavior which is possible or may be seen.

The use of “must” and “will” is deprecated for requirements and shall only be used for statements
of fact.

2.3 Motivation

The success of USB2.0 technology has enjoyed wide adoption in almost every computing device,
with tremendous ecosystem support not only in terms of device choice to support various platform
features, but also in terms of technology development with well-established hardware IP portfolios
and standardized software infrastructure. It is foreseeable that the great asset of USB2.0
technology will continue to benefit the ecosystem for years to come.

As power efficiency becomes increasingly critical in today’s computing devices, there is a need
for 10 technology to be optimized for both active and idle power. USB2.0 technology, originally
optimized for external device interconnect, is primed to be enhanced for inter-chip interconnect
such that the link power can be further optimized.

Meantime, silicon technology continues to scale. Device dimensions are getting smaller and
therefore more devices can be packed onto a single integrated chip. However, the device
reliability challenge arising from the densely packed transistors has become more profound. The
manufacturing cost for an advanced process technology to support 3.3V 10 signaling has grown
exponentially. A low wltage USB2.0 solution is therefore required to address the gap.
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In summary, eUSB2 is introduced to address the following:

1. 10 Power Efficiency

= Improve both the link active and idle power efficiency.

2. Process scalability
» Provide alow wltage USB2.0 PHY solution to eliminate 3.3V 1O signaling

requirement, which allows the process technology to continue to scale for many

generations to come.

3. Implementation simplicity

= The PHY analog content is reduced. Digital mechanisms are employed for PHY
functionality, for example, device disconnect detect.

4. Support both USB2.0 inter-chip and out-of-the-box devices
= Though eUSB2 and USB2.0 are not electrically compatible, a mechanism is
defined for eUSB2 to support standard USB2.0 devices.

Table 2-2 tabulates the key attributes of eUSB2 technology in comparison to other USB

interfaces.
Table 2-2: Comparison of Various USB Interfaces
USB2 IC-USB HSIC ULPI eUSB2
Interface Pin 2-pin 2-pin 2-pin 12-pin 2-pin
(SoC view)
Supported low-speed, low-speed high-speed | low-speed, low-speed,
data rate full-speed and full- full-speed full-speed
and high- speed and high- and high-
speed speed speed
Connectivity Inter-chip and | Inter-chip Inter-chip Inter-chip Inter-chip
out-of-the- and out-of-
box the-box
USB2.0
connectivity
through
repeater
Signaling Max 3.3V Multiple 1.2v Vendor Max 1V
Voltage wltage specific.
Requirement classes, from Typically
1V to 3.3V 1.8V and
3.3V
Recommended | Long short short short Medium to
trace length long
support
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2.4 eUSB2 PHY Feature

eUSB2 is fully compliant to the USB2.0 layer architecture with the following features and
characteristics:

e Supports high-speed, full-speed, and low-speed operation.
o High-speed:
= Low wltage differential signaling
o Low-speed/Full-speed:
= Single-ended digital low-woltage signaling.
Supports selected single speed configuration in native mode.
Supports USB2.0 operation based on repeater architecture.
Supports link power management LPM-L1 (L1) and Suspend (L2).
eUSB2 implementation is based on UTMI/UTMI+ Parallel Mode. FS/LS Serial Mode
is out of scope for eUSB2. Note that implementations based on UTMI/UTMI+ may
vary. In the rest of the specification, UTMI/UTMI+ is quoted as a reference to
describe the interface between the protocol layer and the eUSB2 PHY.
e Supports register access protocol (RAP) for eUSB2 device or repeater
configurations.
Fully compliant to USB2.0 base spec at the protocol layer.
No change to USB2.0 software programming model.
Not compatible with the physical layer defined by USB2.0.
Not compatible with standard USB2.0 connectors defined by USB2.0 and its
derivatives.

Shown in Figure 2-1 is a description of eUSB2 scope. An implementation that supports
UTMI/UTMI+ as the standard interface between the protocol layer and the physical layer is used
as an example.

o Protocol Layer
n
S

UTMI*

SIE

PsO [  siPO

AN
i
® Y‘Z' !

{

R

eD+/eD-

Figure 2-1: eUSB2 Under USB2.0 Layer Architecture
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2.5 eUSB2 Modes of Operation
eUSB2 supports two modes of operation: native mode and repeater mode.

Native mode refers to a host port and a device port both implementing an eUSB2 PHY and
communicating based on eUSB2 signaling. Native mode eUSB2 is used for inter-chip
interconnect. Single speed configuration is allowed in native mode.

Repeater mode refers to an eUSB2 port communicating with a USB2.0 port through a repeater
that translates between eUSB2 signaling and USB2.0 signaling. Repeater mode may also be
used between two eUSB2 ports communicating with each other through two repeaters, such a
case typically involves applications with USB2.0 receptacles at both sides of the ports.

Example usages of eUSB2 in native mode and repeater mode are shown in Figure 2-2 and
Figure 2-3. Note that Figure 2-3, both the SOCs and repeaters may be dual role capable. Later
sections in the specification describe the configuration and operation of this.

An eUSB2 implementation on an SoC may support both native mode and repeater mode
operation with slight differences in accommodation for repeater operation. This gives the system
designer the flexibility to determine the mode of operation of the eUSB2 port on an SoC.

SoC

(eDSPn) (eDSPnN) (eDSPr)
eD+/eD-
eD+/eD- eD+/eD-
(eUSPh)
eUSB2 repeater
(eUSPn) (eUsPn)
eUSB device eUSB device

D+/D-

Legacy USB

Figure 2-2: Typical eUSB2 Use Cases
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Host

eUSB2
eD+/eD-

SoC

eDSPr

eUSPh

eUSB2-USB2

Host Repeater

USB2.0 B2
eUSB2-USB2 eus .
D+/D- Peripheral eD+/eD- Peripheral
UDSP UUSP Repeater eDSPp  eUSPr SoC

Figure 2-3: Example eUSB2 With Host and Device Side Repeaters

Table 2-3 describes the number of hubs that are supported relative to the number of eUSB2
repeaters present between the host and peripheral where all the hubs are operating at HS or all
are operating at FS. It does not attempt to define mixed use cases, where one or more hubs
connected at the host operate at HS and one or more at the peripheral operate at FS. Per USB
2.0, a HS-capable hub must operate at FS when its upstream-facing port is connected behind a
host or hub that is operating at FS or that is not HS-capable. A legacy USB 1.x host or hub is not
HS-capable and necessarily operates at FS.

Table 2-3: Number of Hubs Supported with Host and/or Peripheral Repeater

Number Number of | Number of
Hubs Hubs
of eUSB2 Operating | Operating Notes
Repeaters at HS atFS
Number of hubs operating at FS is reduced due to
1 4 2 Te_to_u_pJ1 and TRIRL.
Number of hubs operating at HS is reduced due to
2 3 1 SOP truncation and EOP dribble
0 5 5 non-eUSB2 system for reference

2.6 Related Documents
eUSB2 only defines the physical layer. The protocol layer is defined in the USB2.0 base

specification.

The following is a list or related documents:
Universal Serial Bus Revision 2.0 Specification including
ECNs and errata.

On-The-Go and Embedded Host Supplement to the USB

USB2.0

[USB2 OTG]

[USB Type-C]

[UTMI+ 1.0

Revision 2.0 Specification.

Universal Serial Bus Type-C Cable and Connector
Specification Revision 1.3

USB 2.0 Transceiver Macrocell Interface Plus (UTMI+)
Specification.
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3 eUSB2PHY Architecture and Operation

This chapter describes the eUSB2 PHY architecture and its operation. Although the focus is on
native mode, most of native mode operation also applies to repeater mode.

3.1 PHY Architecture

A conceptual block diagram of the eUSB2 PHY is shown in Figure 3-1. It supports three data
rates defined by USB2.0. A differential transceiver and a low power squelch detector is needed
for data transfer at high-speed. Two pairs of single-ended CMOS buffers are employed to carry
out low-speed/full-speed data transfer, control signaling during initialization and link power state
transitions.

High-speed
rrr~_ Rsrc_Hs |
HS_Data_Driver_Input PC>——F+— AN i [] eD+
| RSRC_HS |
HS_Data_Driver_Input N[> | AN I [ ] eD-
| HS transmitter |
|

HS_Driver_Enable D—l— :
| 1 |
HS_Differential_Receiver_Output ] | RRCV_D,F% |
|
I . " I
HS_Differential Receiver_Enable HS receiver |

| >
Squelch < | !
I
: Squelch detector :
| Low-speed/Full-speed |
__________ _| |
SE_Receiver_Output_P< | |
SE_Receiver_Enable PC>—— Single-ended | |
SE_Receiver_Enable NCo—— ' Receivers | |
SE_Receiver_Output N _+— | |
RsRc_LsFs | |
SE_Driver_Input P> W I |
SE_Driver_Enable_P D——/, | |
SE_DriVer_Enable_N D—ﬁ\ RSRC LSFS | |
SE_Driver_Input N[ A% i I
__________ A

Single-ended Transmitters
Rpd Rpd

Figure 3-1: eUSB2 Physical Layer Transceiver Block Diagram

An eUSB2 implementation shall contain the following building elements:

e A port shall implement two pull-downs, Rep, intended to hold the bus to ground during
power-up or when the link is idle. Note: Under general scenario, upon powered up,
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these pull-downs shall always be enabled. It is implementation specific to allow
disabling for testing or debug.
o Alow-speed/full-speed eUSB2 port is fully digital. A low-speed/full-speed transceiver
shall meet the following requirements:
o The port shall implement a pair of low-speed/full-speed single-ended
transmitters.
o The port shall implement a source-series termination at each transmitter.
o The port shall implement a pair of low-speed/full-speed single-ended
receivers.
e A high-speed transceiver shall meet the following requirements:
o The port shall implement an analog transceiver for low swing differential
signaling.
The port shall employ embedded clocking compliant to USB2.0.
The port shall implement a squelch detector.
The port shall implement a source-series termination at its transmitter.
If enabled, the port shall implement a differential receiver termination with the
center tap capacitance to ground. Note that not employing ground
termination of the differential receiver termination is to avoid overloading the
SE (Single-ended) transmitter in HS operation when a control message may
be issued during HS idle. Refer to Section 3.3.7 for control message
definition.
o The receiver termination shall always be enabled in repeater mode
o The default receiver termination shall be disabled in native mode. A
downstream port may alter the termination scheme during Port Configuration.
Refer to Section 4.2.2 for the details.

O O O O

3.2 Bus State and Signaling
3.2.1 Low-speed/Full-speed Bus State and Signaling

To differentiate low-speed from full-speed signaling, all low-speed signaling is the inverse of full-
speed (eD+ and eD- are swapped), except for control message signaling.
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Table 3-1 defines the low-speed/full-speed bus states and their associated signaling.
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Table 3-1: eUSB2 Low-speed/Full-speed Bus State Representations

Signaling Levels
Bus State
At the Transmitter At the Receiver
Logic ‘1’ > Von(min) > Viu(min)
Logic ‘0’ < Voi(max) < Vi(max)
Single-ended 0 (SE0)* Logic ‘0’ at eD-; Logic ‘0" at eD+
Single-ended 1 (SE1) Logic ‘1’ at eD-; Logic ‘1’ at eD+
Data J state? Logic ‘0’ at eD- Logic ‘0’ at eD+
Data K state? Logic ‘1’ at eD- Logic ‘0’ at eD+
f:ls)?t D+/D- (repeater mode FS Logic ‘0’ at eD- Logic 1’ at eD+
irlﬁ;)ft D+/D- (repeater mode Logic ‘0’ at eD-; Logic ‘0’ at eD+
Data J state Logic ‘0’ at eD- Logic ‘0’ at eD+
Data K state Logic ‘0’ at eD- Logic ‘1’ at eD+
grlﬁg)?t D+/D- (repeater mode LS Logic ‘1’ at eD- Logic ‘0’ at eD+
Srﬁ;)?t D+/D- (repeater mode Logic ‘0’ at eD-; Logic ‘0’ at eD+
ldle state SEO
Resume/Remote Wake state® Data K

Note 1:  Drive to SEO and maintain SEO through RpPD.

Note 2:  Valid after connect.

Note 3: For USB 2.0 Bus Reset mapping at Peripheral eD+/eD-, EOP at D+/D- mapping
to EOP at eD+/eD-, SEO detection at D+/D- for disconnect at host eD+/eD-. Refer to Section
0 for bus state mapping details in repeater operations.

Note 4.  For USB 2.0 D+/D- K-J or J-K crossing to both host and peripheral eD+/eD-, or
any scenario where repeater is repeating/receiving D+/D- with differential receiver and
transmitting single ended signaling to eD+/eD-. Refer to Section 3.3.3 for Glitch Filtering in
FS/LS repeater mode operation.

Note 5:  Refer to Section 0.5 and 3.3.6 for special signaling of Resume/Remote Wake
sequence in repeater operations.

3.2.2 Low-speed/Full-speed Idle State Transition

Low-speed/Full-speed idle state (SEO) is maintained by the pull-down resistors (Rep)
implemented at a downstream port. To ensure a swift transition to idle state (SEO) or logic ‘0’, the
port shall drive the bus to SEO or logic ‘0’ for Tseo br_Lsrs When transitioning from a non-SEO
before disabling its transmitters to allow the pull-down resistor to hold SEO. Refer to Table 7-16
for timing detail.
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3.2.3 High-speed Bus state and Signaling

High-speed bus states of J and K are maintained by driving low swing differential voltage on eD+
and eD- during terminated and un-terminated conditions. Figure 3-2 defines the high transmitting
signals at eD+ and eD-, each is denoted as Vrxep+) and Vixen-). The differential signal

Vrx oir_term (When terminated) or Vrx oir_unterm (When un-terminated) and the common mode

signal Vrx cm are then represented by the following:
Vrx_pir = Vrx(en+) = Vrx(ep-)

Vrxep+) + Vrxen-)

VTX_CM = 2
VTx(eD+) K
V1x_DIF
V1x_cm
VTX(eD-) Y

Figure 3-2: High-speed Differential Signal Representations

Accordingly, the differential and common mode signals at the receiving port can be similarly
represented by the following equations:

Vrx_pir unterM = Vrx(ep+)_unTERM — VRX(eD-) UNTERM
Vrx _pir TERM = VRx(eD+) TERM — VRX(eD-) TERM

Vex(ep+) + Vrx(en-)
VRX_CM = 2
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Table 3-2: eUSB2 High-speed Bus State Representations

Bus State

At the source

At the sink

Terminated

V1x oiF > V1x_pir_term(Min)

Differential ‘1’
Unterminated

V1x piF > V1x_piF_unterm(Min)

Vrx_piF > Vrx_pir_sens(min)

Terminated

V1x pir < -V1x_pie_term(Min)

Differential ‘0’
Unterminated

V1x_oiF < -V1x_piF_unTerm(Min)

VRrx_oiF < -VRrx_piF_sens(min)

Squelch state

NA

AC:
Vrx_oiF < Vsquerch_pir(Min)
VRX_DIF > ‘VSQUELCH_DIF(mln)

Data J state: Differential ‘1’
Data K state: Differential ‘0’
LO idle/L1/L2 state SEO

Start-of-Packet (SOP)

Same as USB2.0

End-of-Packet (EOP)

Same as USB2.0

End-of-Packet(EOP of uSOF
in Native Mode)

8 Uls

Resume/Remote Wake

Same as FS. Refer to Section 0.5 and 3.3.6 for details.

3.2.4 High-speed Idle State Transition

High-speed idle state is maintained by the pull-down resistors implemented at a downstream port.
To ensure a swift transition to idle state (SEO), the port shall drive the bus to SEO for Tseo pr_Hs
when transitioning from a non-SEOQ to idle (SEO) (i.e. at the end of EOP) before disabling its
transmitters. Refer to Table 7-16 for timing detail.

3.2.5 High-speed Squelch Operation

The squelch detector is used by the port to detect high-speed line activity. It is also used under
the following scenarios for eDSPn/eUSPn and eUSPh/eDSPp to control the SE receivers.

¢ When in un-squelched condition, an eUSPn, or eUSPh/eDSPp port receiving high-speed
data may optionally disable its single-ended receivers.

e Under squelched condition, an eDSPn/eUSPn port shall turn on its single-ended receiver
in anticipation of device soft disconnect or [USB 2.0] bus reset. And eUSPh or eDSPp
port shall turn on its SE receivers in anticipation of a control message from eDSPr or

eUSPr.
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3.3 Single-ended (SE) Signaling

eUSB2 employs SE signaling for low-speed/full-speed packet transmission in LO. The SE signal
is also used for interactions between the two ports. Interactions include connect, reset, resume,
remote wake, high-speed detection and control message. The interpretation of the SE signals
depends on the link state, and the start of the SE signal.

3.3.1 FS/LS SYNC and EOP

In FS operation, an eUSB2 port shall drive the SYNC pattern on eD- while
maintaining logic ‘0’ on eD+ through Rep. This is illustrated in Figure 3-3.
In LS operation, an eUSB2 port shall drive the SYNC pattern on eD+ while
maintaining logic ‘0’ on eD- through Rep. This is illustrated in Figure 3-3.

eD+

eD- K J K J K J K K

eD+ K J K J K J K K

eD-

Figure 3-3: FS/LS SYNC Pattern

A FS eUSB2 EOP, transmitted by eDSPn, eDSPr, eUSPn or eUSPr, shall be 3 Uls
with the first Ul of logic ‘1’, followed by the second Ul of logic ‘0’, and a third Ul of
logic ‘1’ at eD+, while eD- is maintained at logic ‘0’ through Rep. This is shown in
Figure 3-4. Similarly, a LS EOP shall be 3 Uls with the first Ul of logic ‘1’, followed by
a second Ul of logic ‘0’, and the third Ul of logic ‘1’ at eD-, while eD+ is maintained at
logic ‘0’ through Rep. Note that the definition of EOP format is optimized towards
repeater mode operation to provide timing support when an eUSB2 LS/FS EOP is
converted to a USB2.0 EOP. An example eUSB2 EOP to USB2.0 EOP conversion in
repeater mode is shown in Figure 3-5 and Figure 3-6.

eD+

}qizms;h‘
|

I
I
I
I
I
I
I
I
eD- ;
I

| EOP (3Uls)

Figure 3-4: FS EOP Pattern from eDSPr/eUSPr
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[«———EOP (3Uls)——»

eD+

———2Uls— > 1UI->)

eD-

|
D+/D- >< >< >< | SEO I/ D‘z‘ta | ldle J
| |

Figure 3-5: Example of eUSB2 EOP to USB2.0 EOP Conversion

e AFS EOP transmitted by eUSPh at host repeater to eDSPr, or eDSPp from
peripheral repeater to eUSPr, is based on received EOP at D+/D-, which may be
between 1 to 2 Uls of logic ‘1’ at eD+, and logic ‘0’ at eD-. This is shown in Figure
3-6. Similarly, a LS EOP may be between 1 and 2 Uls of logic ‘1’ at eD-, and logic ‘0’
at eD+. An eDSPr or eUSPr port shall declare the reception of a FS/LS EOP within 3
Uls upon detecting the start of the EOP.

oo >< >< >< \ seo /Ji

eD+ |€«—EOP (1-2Uls)—>|
| |

| |

|

|

eD- :
1

(@). FS EOP

| |

T T

| |

| |

|

eD+ :
|

T

| |

eD- [€—EOP (1-2Uls)—>|

(b). LS EOP
Figure 3-6: FS/LS USB2 EOP to eUSB2 EOP Conversion
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3.3.2 Low-speed Keep Alive

Low-speed keep alive is a specific case where LS EOP is transmitted by eDSPn or eDSPr to
prevent a peripheral device from entering suspend. The low-speed keep alive signaling is the
same as LS EOP.

3.3.3 Glitch Filteringin FS/LS Repeater Mode

Glitch filtering refers to presening the USB packet integrity in FS/LS operation. It applies only to
repeater mode. A FS/LS receiver at UDSP/UUSP may observe momentary SEOs or SE1s
between every K-J or J-K transition within a received USB packet. This is primarily due the un-
wanted asymmetry artifact introduced by the channel skew and transceiver non-ideality. Shown in
Figure 3-7 is an illustration of the glitches that may be observed at eD+ as well as the wider logic
‘0’ width on eD- which are associated with data crossover transition at D+/D-. Additionally, Figure
3-7 also illustrates the potential overlap or skew on eD+/eD- which produces an SE1 or SEO
respectively during EOP. Also, during the EOP window the eDSPr and eUSPr may obsene
glitches on eD- (FS) or eD+ (LS) and shall ignore these toggling.

e eUSPh/eDSPp shall adhere to USB2.0 Table 7-11 Hub/Repeater Electrical
Characteristic in repeating D+/D- to eD+/eD-.

e eDSPr/eUSPr shall perform the glitch filtering as per USB 2.0 specification on eD+
(FS), or eD- (LS).

-y = [

I
I I I
I
I

eD+

[

[

[

I /4\ [4—EOP (1-2UIs)—»|
[ [

} [

[

[

eD_ <€<>1U>»>

A

£0.66 b

[ | [
Figure 3-7: Transition glitches and asymmetry observed at eD- during FS operation

3.3.4 USB2.0Bus Resetand End of Reset

eUSB2 signaling for USB2.0 Bus Reset is different between native mode and repeater mode, and
they are described in the following sections.

3.3.41 FS/LS Reset
The Reset signaling between the native mode and repeater mode operation are different.
3.3.4.1.1 Native Mode
In native FS/LS mode, [USB 2.0] Bus Reset shall be transmitted by eDSPn to eUSPn based on
linestate mapping as defined in
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Table 3-1.
If it’s in FS operation, eDSPn shall transmit Reset by driving logic ‘1’ on eD+ and
eUSPn shall map this as bus reset SEO on its UTMI+ interface to its device controller.

e [fit’s in LS operation, eDSPn shall transmit Reset by driving logic ‘1’ on eD- and
eUSPn shall map this as bus reset SEO on its UTMI+ interface to its device controller.

o Ifit’sin FS operation, eDSPn shall stop driving logic ‘1’ on eD+, and drive a logic ‘0’,
then a logic ‘1’ (LS Ul duration) on eD+ indicating end of Reset. Note that FS
EOReset is defined with LS Ul duration to allow repeater (consistent in Native mode)
to use a lower clock frequency to detect end of reset.

e Ifit’s in LS operation, eDSPn shall stop driving logic ‘1’ on eD-, and drive a logic ‘0’,
then a logic ‘1’ (LS Ul duration) on eD- indicating end of Reset.

e eUSPn shall respond with a digital ping upon detecting the first falling edge of EOP
and complete transmitting the digital ping on the second falling edge of EOP at the
end of Reset to eDSPn. Referto Section 4.2.3.2.1 for detail timing.

e A unique scenario may exist where a device chirp is observed from eUSPn, but the
host does not return with host K-J chirp. In this case, the link will be settledin to FS
with eDSPn transmitting FS EOReset.

e Refer to Figure 3-8 for FS Reset signaling.

< Reset: »| LS Ul EOReset
eD+ — A
D M
LINESTATE J SEO J
(a) FS Reset
< Reset P 'S Ul EOReset
or JAVAY
. ; \ /M
LINESTATE 3 sEo XKX SEQ J

(b) FS Reset with HS device chirp
Figure 3-8: FS Reset in native mode

3.3.4.1.2 Repeater Mode

e In repeater FS/LS mode, a CM.Reset shall be transmitted by the eDSPr to the
eUSPh.

e The host repeater shall initiate USB2.0 bus reset on D+/D- upon detecting CM.Reset.

In Peripheral repeater mode, [USB 2.0] Bus Resetis based on linestate mapping of SEO at D+/D-
as defined in
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e Table 3-1.

e The eDSPp shall transmit a logic ‘1’ on eD+ or eD- (FS or LS mapping), to its eUSPr.

e AFS eUSB2End of Reset (EOReset), transmitted by eDSPr, shall be 3 Uls (LS Ul
duration) with the first Ul of logic ‘1’, followed by the second Ul of logic ‘0’, and a third
Ul of logic ‘1’ at eD+, while eD- is maintained at logic ‘0’ through Rep. Note that FS
EOReset is defined with LS Ul duration to allow repeater to use a lower clock
frequency to detect end of reset. Similarly, a LS EOReset shallbe 3 Uls (LS Ul
duration) with the first Ul of logic ‘1’, followed by a second Ul of logic ‘0’, and the third
Ul of logic ‘1’ at eD-, while eD+ is maintained at logic ‘0’ through Rpp. This is similar
to data EOP described in Section 3.3.1.

e AFSandLS eUSB2 End of Reset (EOReset), transmitted by eDSPp shall be a
return to SEO from a logic ‘1’ at eD+ or eD- respectively. A unigue scenario may exist
where a device chirp is observed from eUSPr, but the host does not return with host
K-J chirp. Inthis case, the link will be settled in to FS with eDSPp indicating
EOReset with Tstrose.

o Refer to Figure 3-9: for FS Reset signaling.

LINESTATE X SEO J
eUSB2 - host Fs fsojzse‘
en+ Packet W\ ML . AR
e0- Pagke W\ WL
USB2
D+/D- Packet X J X) SEO J
eUSB2 - peripheral ﬁ
eD+ _Packet )\ / ) W
eD- TPackel )\
(&) FS Reset
LINESTATE X SEO J
eUSB2 - host FS Egj‘e)sa
ep+ “Packet N\ MW\
eD- _Packet i [\
uUsB2
D+D- Packet X__J XT seo Xk X SEO 3
eUSB2 - peripheral g
eD+ _Packet \ /  w\ 4 %\
eD- _Packel )\ S/_\
(b) FS Reset with HS device chirp
Figure 3-9: FS Reset inrepeater mode
3.3.4.2 HS Reset

The Reset signaling between the native mode and repeater mode operation are different.
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3.3.4.2.1 Native Mode

In an established HS mode, [USB 2.0] Bus Reset shall begin with eDSPn transmitting
a SE1 for Tem se1sx and continuously follow by a logic ‘1’ on eD+. Note: USB2.0 Bus
Reset from HS Lx shall follow FS/LS mode signaling.

eUSPn shall map (maintain SEO HS idle) this signaling to SEO on its UTMI+ interface
to the device controller.

eUSPn shall transmit device chirp K as directed by its controller.

eDSPn shall drop eD+ upon detecting a device chirp K from eUSPn.

Upon the completion of device chirp K from eUSPn, eDSPn shall transmit host chirp
K-J as directed by its host controller.

Note: As opposed to repeater mode, eUSPn shall not transmit a Device Termination
enabled to eDSPn when its controller enters HS operation.

eDSPn shall end reset of a Tsrrose.

Refer to Figure 3-10 for HS Reset signaling.

< Reset: >
o ——4 N\ A
w IS\ vy
LINESTATE SEO X K XSEX____HostKJ X SEO

Figure 3-10: HS Reset in native mode

3.3.4.2.2 Repeater Mode

In repeater HS mode, a CM.Reset shall be transmitted by the eDSPr to the eUSPh.
The host repeater shall initiate USB2.0 bus reset on D+/D- upon detecting CM.Reset.

In Peripheral repeater mode, [USB 2.0] Bus Resetis based on HS link transitioning to FS with
CM.FS. Note that linestate mapping of D+/D- to eD+/eD- as defined in
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Table 3-1 is not applicable during HS link bus reset.
The Peripheral repeater shall declare USB2.0 Bus Reset upon detecting SEO at
D+/D- as defined in USB2.0.

e The eDSPp shall keep the eUSB lines in idle with Rep upon declaring USB2.0 Bus
Reset.

e The eDSPr, eUSPh, eDSPp, and eUSPr shall perform host/device chirp like HS
native mode.

e A HS eUSB2 End of Reset (EOReset), transmitted by eDSPr and eDSPp, shall be
Tstroee Of logic ‘1’ at eD+.

e A couple of unique scenarios may exist where 1) a previously established HS link is
downgraded to FS upon bus reset (Figure 3-11(b)) and 2) a device chirp is observed
from eUSPr, but the host does not return with host K-J chirp (Figure 3-11(c)). In
these cases, the link will be settled in to FS with eDSPp indicating EOReset with
Tstrose. Further note that in the scenario where an established HS link is
downgraded to FS as shown in Figure 3-11(b), the peripheral repeater shall adhere
to Ter_Hs reseT To Fs iN recognizing USB2.0 bus reset as compared to Lx entry.

e Refer to Figure 3-11 for HS Reset signaling.

LINESTATE X SEO XK Host KJ X SEO
eUSB2 - host HS EOR
(End of Reset)
eD+ Packet )\ N\N\ «
CM.RESET
eD- Packet )N\ NW\ « /_\—/_\—,(F/ \
55
USB2
D+/D- _Packet X SEO XK Host KJ X SEO
)
eUSB2 - peripheral Q,.»;é;é}-»._\ HS EOR
eD+ _Packet )\ f\_/\/\/\/\ . No ACK..* ( A /\
CM.FS
eD- _Packet )\ f\_/\/\/\/\ P /-\_/-\_!/ \
55
(@) HS Reset
LINESTATE X SEO X J
eUSB2 - host FS EOReset
eD+ Packet )\ NW\ ‘@
CM.RESET o
eD- Packet )\ '\ NW\ @
s
uUsB2
D+/D- _Packet X SEO X J
)
eUSB2 - peripheral QRESH EOReset
CM.FS e
eD- Packet )\ P

(b) HS Resetto FSlink

Page 28 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

LINESTATE X SEO XK X SEQ X J
eUSB2 - host FS EOReset
eD+ Packet )/\NW\ ’
CM.RESET o
eD- _Packet )\/\HNU\ e /
s
uUsB2
D+/D- _Packet X SEO Xk X SEOQ X J
)
eUSB2 - peripheral Q‘"'Eé&i’“\ EOReset
eD+ _Packet )\ /-\_/WV\;L"-»NDP“‘SS./"‘ /\
CM.FS g
eD- _Packet )\ f\_/\/\/\/\ /
s

(c) HS Reset to FS link with device chirp
Figure 3-11: HS Reset in repeater mode

3.3.5 Resume
Resume in LS/FS and HS operations are both based on single-ended signaling.

3.3.51 FS/LS Resume
The Resume signaling between the native mode and repeater mode operation are different.
3.3.5.1.1 Native Mode

¢ In native mode, eDSPn shall adhere to the following rules to perform the Resume
operation. Figure 3-12 shows the FS Resume signaling.

o [Ifit's in FS operation, it shall start Resume by driving Data K on eD- and
conclude Resume with a FS EOResume on eD+ as shown in Figure 3-12. Note
that a FS EOResume is the same as a LS EOP but with opposite polarity. Refer
to Section 4.3.4 for details.

o Ifit’s in LS operation, it shall start Resume by driving Data K on eD+ and
conclude Resume with a LS EOResume on eD-. Note that a LS EOResume is
the same as a LS EOP. Refer to Section 4.3.4 for details.

o eUSPn shall adhere to the following rules to perform Digital Ping at the end of Resume.

o Inboth FS and LS operation, it shall start transmitting the digital ping upon
detecting the first falling edge of EOP and complete transmitting the digital ping
on the second falling edge of EOP. Referto Section 4.2.3.2.1 for detail timing.

L g LO
< Resume: ’
oD+ [MEOR (LSEOP)
eD- /)
LINES:I_I'é 3 ” 3

Figure 3-12: FS Resume in native mode

3.3.5.1.2 Repeater Mode

e Ifit'sin FS host repeater mode, eDSPr/eUSPh shall adhere to the following rules to
perform the Resume operation. Refer to Figure 3-13 for details of Resume.

o eDSPr shall start Resume with SOResume followed immediately with Resume K.
It shall conclude Resume with a FS EOResume. Note that SOResume is defined
as SE1 for Tor se1 w2 duration, and FS EOResume is the same signaling as a
LS EOP on eD+. Refer to Section 5.3.5.2 for details.

o eUSPh, upon detecting SOResume, it shall start driving Resume K at D+/D- and
conclude Resume ifa FS EOResume is detected.

Page 29 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

o Ifit's in LS host repeater mode, eDSPr/eUSPh shall adhere to the following rules to
perform the Resume operation.
o eDSPr shall start Resume with SOResume followed immediately with Resume K.
It shall conclude Resume with a LS EOResume. Note that SOResume is defined
as SE1 for Tor se1 12 duration, and LS EOResume is the same asa LS EOP.
Refer to Section 5.3.5.2 for details.
o eUSPh, upon detecting SOResume, it shall start driving Resume K at D+/D- and
conclude Resume ifa LS EOResume is detected.
e Ifit's in FS Peripheral repeater mode, eDSPp/eUSPr shall adhere to the following rules to
perform the Resume operation. Refer to Figure 3-13 for details of Resume.

eDSPp shall map Resume K at D+/D- to Resume K at eD+/eD-, as defined in
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o Table 3-1. It shall conclude Resume with a FS EOResume matching the SEO
timing at D+/D-.

o eUSPr shall update Linestate upon detecting Resume K at eD+/eD-, it shall
conclude Resume upon detecting FS EOResume.

o Refer to Section 5.4.5.2 for details.

e Ifit's in LS Peripheral repeater mode, eDSPp/eUSPr shall adhere to the following rules to
perform the Resume operation. Refer to Figure 3-13 for details of Resume.

eDSPp shall map Resume K at D+/D- to Resume K at eD+/eD-, as defined in
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o Table 3-1. It shall conclude Resume with a LS EOResume matching the SEO
timing at D+/D-.
o eUSPr shall update Linestate upon detecting Resume K at eD+/eD-, it shall
conclude Resume upon detecting LS EOResume.
Link State L » Lo
<« Resum
OpMode(1:0) 00(normal) E_S(__i 10(chirp) o 00(normal)
X1 00h | |
TxData I I
HOST _ s LN
UTMI+ TXValid — __| |__7“
LINESTATE J /X K K SEC J
{ [
eUSPh eD+ \/—\SOR ¢ —\ EOR (LS EOP)
Idle (SEO) ) K §U Idle (SEO)
eD-
7
USB2 < & &
D+/D- J Ry K E J
eDSPp
eD+ EOR (LS EOP)
ep. dle (SEO) L, = 2 2 Idle (SEO)
DEVICE ||\ estaTE J K % J
UTMI+

eDSPr driving

oD SPP drivin ge—

Figure 3-13: FS Resume in repeater mode operation

3.3.5.2 HS Resume
3.3.5.2.1 Native Mode

HS Resume follow the same rule of FS Resume, except EOResume.

Shown in Figure 3-14 is the native mode Resume sequence. Compare with FS EOResume, a HS

EOResume is used instead and is defined as Tstroze.

LineState mapping upon entry to LO.

eDSPn/eUSPn shall enable its HS transceiver upon entry to LO.

Link ) ol
State - 1T Lo
<« Resume >
eD HS EOResume
+
r—Tstrope——

eD-
LINESTA

TE J K SEQ

Figure 3-14: HS Resume in native mode

3.3.5.2.2 Repeater Mode

Shown in Figure 3-15 is the repeater mode Resume sequence.

eDSPn/eUSPn shall use FS LineState mapping during Resume, and switch to HS
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e Upon transmitting or detecting SOResume, eDSPr/eUSPh shall use FS LineState
mapping to start Resume, and switch to HS LineState mapping upon entry to LO.

e Upon detecting Resume at D+/D-, eDSPp shall drive Resume K to eUSPr, and conclude
Resume with HS EOResume of Tstroge.

e Upon detecting Resume K, eUSPr shall proceed to exit from Lx. It shall conclude
Resume and transition to LO upon the end of HS EOResume.

Link State L > Lo
<« Resume >
OpMode(1:0) 00(normal) i X i 10(chirp) ____) 00(normal)
TxData ; >§ : ooh : :
HOST ) | 7 f I |
UTMI+ TXValid — __| L7_J
LINESTATE J / K ]); SEO
{
eUSPh eD+ | sor XIS EOR
Idle (SEO) ) K Idle (SEO)
eD-
USB2 ( \
D+/D- J Ay K K SEO
eDSPp &
eD+ O\ HS EOR
eD- Idle (SEO) L, e P Idle (SEO)
DEVICE
UTMI+ LINESTATE J K * SEO

eDSPr driving D SPp drivin ge—

Figure 3-15: HS Resume in Repeater mode

3.3.6 Remote Wake

The Remote Wake signaling between the native mode and repeater mode operation are also
different.

3.3.6.1 FS/LS Remote Wake
3.3.6.1.1 Native mode
o Ifit'sin FS operation, eUSPn/eDSPn shall adhere to the following rules to perform the
Remote Wake operation.
o eUSPn shall start Remote Wake by driving FS Data K and conclude Remote
Wake by disabling its SE Tx at eD-. Note that under normal operation, eDSPn
has already started Resume by driving Resume K on eD-. Disabling SE Tx by
eUSPn, instead of driving logic ‘0’ to conclude Remote Wake ensures the
continuation of Resume K. Note also that if an error case occurs that eDSPn
does not resume, eUSPn will continue to obsene Data K until residue charge on
eD- is dissipated. This is shown in Figure 3-17. This behavior should be like
existing USB2.0 if wake didn’t follow with a resume.
o eDSPn, upon detecting Remote Wake, shall update LineState, and start to drive
Resume K when directed. It shall conclude Resume with LS EOP with the
opposite polarity. Shown in Figure 3-16 is the FS Remote Wake.
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o [fit’sin LS operation, eUSPn/eDSPn shall adhere to the following rules to perform the
Remote Wake operation.
o eUSPn shall start Remote Wake by driving LS Data K and conclude Remote
Wake by disabling its SE Tx at eD+.
o eDSPn, upon detecting Remote Wake, shall update LineState, and start to drive
Resume K when directed. It shall conclude Resume with LS EOP.

Link State L Pg¢—L0
<€——Resume———Pp
l€——Wak > I\ EOR (LS EOP)
eD+
eD- |
Line state J K SEO, J

e JSPN drivin gre—
® ®cDSPn and eUSPn driving= =
eDSPn driving—

Figure 3-16: FS Remote Wake in native mode (normal)

Link L -
State ”
| €——Wake————p|
EOWake eD+ |
non-driving
(error) eD-
Line
state J K J
e SPN drivin ge— .
-------------- Non-driving-------------

eDSPn driving

Figure 3-17: FS Remote Wake in native mode (host not responding)

3.3.6.1.2 Repeater Mode

e Ifit's in FS peripheral repeater mode, eUSPr/eDSPp shall adhere to the following rules to
perform the Remote Wake operation. Refer to Figure 3-18 for details of Remote Wake.

o eUSPr shall start Remote Wake with SOWake followed continuously with
Remote Wake K. it shall conclude Remote Wake with a FS EOWake. Note that
SOWake is defined an SE1for Tor_k_se1 1xex duration. A FS EOWake is defined
as a strobe of duration Tstrose at eD+ with SE Tx at eD- disabled. During the
EOWake period, it shall continue the line state mapping from eD+/eD-. Refer to
Section 5.5.12 for details.

o eDSPp, upon declaring SOWake (Refer to Table 7-16 for SOWake receive
timing), shall start driving Remote Wake K at D+/D- and eD+/eD-. It shall
conclude Remote Wake upon detecting the start of EOW by stop driving K at
D+/D- and reflecting the line state at D+/D- to eD+/eD-. If Resume K is still
obsenrved, it shall continue to drive Resume K at eD+/eD-.

e Ifit's in FS host repeater mode, eDSPr/eUSPh shall adhere to the following rules to
perform the Remote Wake operation. Refer to Figure 3-18 for details of Remote Wake.

eUSPh shall reflect Remote Wake K at D+/D- to Remote Wake K at eD+/eD-, as defined in

Page 34 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

o

@)

o

Table 3-1. It shall conclude Remote Wake in either one of the following
conditions.

If SOResume (SE1 on eD+/eD-) from eDSPr is detected and the
linestate at D+/D- is still maintained, it shall conclude remote wake by
disabling its SE Tx, not drive logic ‘0’ for Tseo pr 1srs at eD-. It shall drive
Resume K at D+/D- until a FS EOResume is detected.

If Remote Wake K at D+/D- is concluded and no SOResume (absent of
SE1 on eD+/eD-) from eDSPr (Note: This is an error case) is detected, it
shall drive Tseo pr_Lsrs to allow immediate logic ‘1’ to logic ‘0’ transition
before disabling its SE Tx at eD- and stop driving Resume K at D+/D-.
Note that in this scenario, the repeater implementation will require to
differentiate a remote wake K to a SYNC K (in the case where the
repeater is performing a remote wake in LO) by the duration of K to drive
logic ‘0’ on eD- for Tseo pr_Lsrs (Repeater may drive logic ‘0’ for the full J
duration ifit is a data J). A different implementation may have the
repeater start and continue driving logic ‘0’ on eD- upon detecting the
end of remote K (K to J transition) and stops based on some non-activity
timers. Referto Section 5.5.16 and 5.5.19 for timing diagram.

eDSPr shall update the line state upon detecting Remote Wake. It shall start
SOResume followed immediately with Resume K upon direction. It shall
conclude Resume with a FS EOResume.

If it's in LS peripheral repeater mode, eUSPr/eDSPp shall adhere to the following rules to
perform the Remote Wake operation.

eUSPr shall start Remote Wake with SOWake followed continuously with
Remote Wake K. it shall conclude Remote Wake with a LS EOWake. Note that a
LS EOWake is defined as a strobe of duration Tsrrose at eD- with SE Tx at eD+
disabled. During the EOWake period, it shall continue the line state mapping
from eD+/eD-. Refer to Section 5.5.12

eDSPp, upon detecting SOWake, shall start driving Remote Wake K at D+/D-
and eD+/eD-. It shall conclude Remote Wake upon detecting the start of
EOWake by stop driving K at D+/D- and reflecting the linestate at D+/D- to
eD+/eD-. If Resume K is still observed, it shall continue to drive Resume K at
eD+/eD-.

If it’s in LS host repeater mode, eDSPr/eUSPh shall adhere to the following rules to
perform the Remote Wake operation.

eUSPh shall reflect Remote Wake K at D+/D- to Remote Wake K at eD+/eD-, as defined in
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o Table 3-1. It shall conclude Remote Wake in either one of the following
conditions.
= If SOResume (SE1 on eD+/eD-) from eDSPr is detected and the
linestate at D+/D- is still maintained, it shall conclude remote wake by
disabling its SE Tx, not drive logic ‘0’ for Tseo or_Lsrs at eD+. It shall drive
Resume K at D+/D- until a LS EOResume is detected.
= |f Remote Wake K at D+/D- is concluded and no SOResume (absent of
SE1 on eD+/eD-) from eDSPr is detected, it shall drive logic ‘0’ for
Tseo pr 1srs  to allow immediate logic ‘1’ to logic ‘0’ transition before
disabling its SE Tx at eD+ and stop driving Resume K at D+/D-. Note
that this is an error case.
o eDSPr shall update the line state upon detecting Remote Wake. It shall start
SOResume followed immediately with Resume K upon direction. It shall
conclude Resume with a LS EOResume.

Link State

L s LO-
|€—Wake—pi——Resume——Pp|
OpMode(1:0) 00(ngrmal) | : 10(chirp) 00(normal)
TxDatd K ___oon X
HOST TXValid | A\ } \ |
UTMI+ 1 )l RN

J

LINESTATE J ? /1 K /SEQ
( (
eUSB2 eD+ \ %’_\SOR ¥3\_/" EOR (LS EOP)
eD-

)
usB2 D+D- T ¢ K < 3
|
eUsSB2 Wake Resume /
eD+ Sow i_folv EOR (LS EOP)
A oo <-
eD—
L
DEVICE \g
UTMI+ LINESTATE J \ K[\ SE J

OpMode(1:0) oomormal) X/ 10(chirp) 4 00(normal)

—eUSPh or eDSPp driving=— eDSPr and eUSPh,
—eDSPr or eUSPr driving— or eDSPp and eUSPr driving

Figure 3-18: FS Remote Wake in repeater mode

3.3.6.2 HS Remote Wake
The Remote Wake signaling at HS is the same as FS. Shown in Figure 3-19 and Figure 3-20 are
a timing diagrams of Remote Wake and Resume in native mode and repeater mode.

3.3.6.2.1 Native mode
As shown in Figure 3-19, a logic ‘1’ is presented on eD- as a wake, follow by a resume and
EOResume of Tsrroee.
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Link State

l€——Wak

>

| »

L »

(—Resume_)
»

A

LO

N HS EOR

eD+

eD-

LINESTATE

J

K

SEO

Figure 3-19: HS Remote Wake in native mode

3.3.6.2.2 Repeater mode
As shown in Figure 3-20, a wake to HS is like a FS/LS remote wake except for EOResume of

TstroBE-
Link State L »>le Lo-
|€—Wake—pi——Resume——p|
OpMode(1:0) 00(ndrman) | i 10(chirp) 00(normal)
TxData : K : 00h ir__-_1i
HOST TXValid e N |
UTMI+ 1 /I L _)_
LINESTATE J /| K 4 SEO
7'\ [ (
eUSB2 oD+ A ¥\ _rseor
)
eD-
D
usB2 D+D- 3 ¢ K S SEO
2
euSB2 Wake P> ig— Resum / —>»
eD+ SOW M NHSEOR
. QA.-.---. A .
DEVICE \3‘
UTMI+ LINESTATE J N K[ SEO
I— 7L| iy 711
OpMode(1:0) 00(normal) 10(chirp) | : 00(normal)
l
TxData 00h I
|

I
TXValid |
_

TermSelect

Figure 3-20: HS Remote Wake in repeater mode

3.3.7 Control Message Signaling

Control messages (CMs) in eUSB2 are defined for various USB2.0 and non-USB2.0 usages in
native mode and repeater mode. A CM may be issued by eDSPn, eDSPr or eUSPr. It either
indicates reset, entry to L1/L2, or start of register access. Note that in native mode, only CM.RAP

is used by eDSPn.

The structure of the CM is shown in Figure 3-21. It contains a 4-bit control message (CM),
followed by an odd parity bit. A port transmitting a CM shall adhere to the following rules:

It shall wait until the eUSB2 bus state is hon-SE1 before initiating the CM.
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It shall begin CM transmission with SE1 as Start of Control Message (SCM).

In the event of transmitting back-to-back CMs, the port shall allow an idle time Tcmezs
(end to start) between the CMs.

The order of the control message is little endian.

After transmitting the parity bit, it shall transmit five additional clock cycles at eD+,
with each progressive clock cycle performing the following actions at eD- by the CM
transmitter or the receiver.

o CM transmitter drive logic ‘0’

o CM transmitter maintain logic ‘0’ and enable SE Rx.

o CM transmitter check if an ACK is received. Note: The receiver to the CM
message shall perform a parity check and transmit an ACK if the correct
parity is detected. Note that exception apply to peripheral repeater, eDSPp
in receiving CM where it shall always ACK.

o CM receiver drive logic ‘0’ following the ACK.

CM transmitter and receiver maintain logic ‘0’ with Rep.

o SCM of CM is defined as Tcwm_se1 1x Of Tewm_sersx; SEO of CM is defined as Tew_seo;
Clock pulses of CM message is defined as Tem cik; CM clk to data delay is defined
as Tp.

¢ Inthe event of NO ACK, both TX and RX shall wait for the end of CM (not after
without detecting ACK) before moving to the next operation.

Refer to Table 7-16 for the timing specification.

I Tem_ser_axex! Tem_seo | Tem_cik |
———lC—— —»!

- JUuUduygyuyL

) . LogicO
LogicO LogicO «d r?/en

|
|
|
|
cmO cml cm2 cm3 arit :
parity (driven) : (Rpd) if ACK)
|
|
|

eD-

| | | | |
SEO

turn )| {
<_ _>"_ > — - » '<_>'<_AQK_>I
| SCM interval Control Me - around

(a) eUSB2 Control Message Encoding

Tem cL

clk
Tp

" |

(b) eUSB2 Control Message Timing

Figure 3-21: eUSB2 Control Message
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Table 3-3: Encoding of eUSB2 Control Message

CM[3:0] | Parity Description Control Usage Cases
Message Name
0 1 HS Host: Enter FS CM.FS Repeater mode only
terminations and enter
L1 power state”
HS Peripheral: Enter
FS terminations™
FS/LS: Enter L1 CM.L1
power state!”
1 0 Enter lowest physical | CM.L2 Repeater mode only
power state
2 0 USB2.0 Bus Reset? | CM.Reset Repeater mode only
Note: SCM for CM.Reset is 8Xlonger than
other CMs. Implementation may use this to
distinguish CM.Reset to others.
3-6 X Resened Resened Reserved
7 0 Enable HS CM.Test Repeater mode only
terminations without For compliance use
enumeration (Test
Mode)X
8-14 X Resened Resened Reserved
15 1 Start of register CM.RAP Native mode:
accesst For eDSPn to access the register space in
eUSPn.
Repeater mode:
For eUSPr or eDSPrto access the register
space in its associated repeater.
Note 1. Entry to L1 for native mode is based on a LPM extended transaction. Use of a

control messages to indicate entry to L1 is primarily used for eUSB2 repeaters. Refer to
Section 5.3.5and 5.4.5 for details.

Note 2. Transmitted with L1/L2 timing parameters when the linkis in L1/L2 (i.e. CM.L1/L.2
has been transmitted)

Note 3.

Indication of the start of register access protocol. Refer to Chapter 6 for details.

Note 4. Host Mode HS Compliance Test mode entry. Refer to Section 5.3.1.1 for details.

3.3.7.1 CM Retry and Recovery Rules
A port shall adhere to the following rules to retry CM if ACK is not detected.

After transmitting, an eDSPr shall retry only once and eUSPr shall never need to

retry.

An eDSPr may retry a CM only once and then shall reset with a Port Reset as

described in Section 3.3.8 ifthe CM is not ACKed either time.

¢ While transmitting a Port Reset, the eDSPr shall signal disconnect on UTMI+.

e Whenthe Port Reset is received, an eUSPh will enter Default.

An eDSPp shall always ACK a CM

o Ifin LOfor all speed, regardless of parity error or undefined CM encoding
detected, eDSPp shall respond with ACK.

e If HS LO, the first CM an eDSPp receive is always CM.FS.
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e IfFS/LS LO, the CM an eDSPp receive is either CM.L1 or CM.L2. Inthe case of
parity error, CM shall be treated as CM.L1 by the peripheral repeater.

e InLlfor FS/LS, ifa CM is detected, an eDSPpshall treated it as CM.L1. Note
that this is to allow the repeater to remain in the shallower power state.

¢ In unconnected (pullup has not been enabled), eDSPp shall ACK and ignore the
CM. Note that the possible CM in this state is CM.L2, which the peripheral
repeater should already be in this state.

3.3.8 Extended SE1 (Port Reset)

Extended SE1 (ESE1), shown in Figure 3-22, is defined and used under various circumstances
for an eUSB2 port to announce an event of device disconnect or port reset (Note that is the not
equivalent to USB2.0 bus reset). The timing of ESEL is specified such that it shall sunvive any bus
contention without corruption.

An ESE1 is defined with SE1 duration of Texrse1.
When directed, a port shall transmit ESEL ifa non SE1 line state is observed at eD+/eD-.
Note that ESE1 is defined to sunvive contention with any other signaling on eUSB2.

¢ When directed, a port may also transmit ESEL to recover from an unrecognizable eUSB2
bus event. Note that circumstances exist where an unexpected condition is detected that
may result in undefined port behavior. Under this condition, a port may transmit ESE1to
restart a new USB session. Note that this is implementation specific between controller
and PHY or system level implementation to recover from this undefined port state.

ESE1 is defined to cowver the following scenarios.

e As Port Reset in native mode,

o ForeDSPn to indicate power-on and ready for operation.

o ForeDSPn to terminate a USB2.0 session, or to recover an error event.

o ForeUSPn to inform eDSPn device (soft) disconnect when directed by its device
controller.

o ForeUSPn toinform eDSPn to restart USB2.0 session as a mechanism for error
recovery.

o eUSPn shall not transmit ESE1 upon power-on to awoid potential EOS stress to
eDSPn. Note: In the case that the device in native mode required powering off or
silent disconnect once it is enabled (Port Configuration) by its associated eDSPn,
system implementation shall ensure a sideband communication to inform eDSPn.

e Alsoas Port Reset in repeater mode,

o Forthe eUSBTr to indicate power-on and ready for operation to its associate
repeater.

o ForeDSPrto reset the host repeater upon qualifying a logic ‘1’ on eD+ for
disconnect (map to a disconnect SEO condition on D+/D-) while operating in FS
idle.

o ForeDSPrto reset the host repeater upon qualifying a logic ‘1’ on eD- for
disconnect (map to a disconnect SEO condition on D+/D-) while operating in LS
idle.

o [ForeDSProreUSPrto reset the host or peripheral repeater respectively upon
directed (this is implementation specific between the controller and its physical
layer).

o ForeUSPrto direct its peripheral repeater to perform device disconnect.

o eUSPh and eDSPp shall not transmit ESE1 upon power-on. This imply that both
the host and peripheral repeaters shall not power off once they have been
enabled (Host/Peripheral enable) by its associated eDSPr or eUSPr. It is
implementation specific to use sideband communication to inform eDSPr or
eUSPr if powering down the repeater is required.
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o As Device Disconnect Announcement, for the host repeater to inform eDSPr a
device disconnectevent in HS LO. Refer to Section 5.3.4.3 and 5.5.7 for details.
Note: A peripheral repeater shall never transmit ESE1L.

e A port, upon detecting SE1 on the eUSB2 bus, shall declare the reception of ESE1 based
on the Texrse1 receive timing (with exception of Tuspisc_sex for HS disconnect and
Tnative_ser/ Tnatve_eser in Native Mode) in Table 7-16. Note that concurrent ESE1 may
exist when both link partners drive ESE1 at the same instance. Under this situation, the
conclusion of ESEL may likely be asynchronous. If the port concludes ESE1 earlier, it
may drive SEO before switching to pull-down. Contention may occur between SEOQ and
ESE1. It is recommended that a momentary SE1 discontinuity up to Tsgo pr_Hs OF
Tseo pr_Lsrs be ignored.

¢ Upon completed transmitting Port Reset, a port shall ensure an idle time of Tconric_ibLe
before transmitting Port Configuration.

¢ Upon transmitting or receiving Port Reset or Device Disconnect Announcement, an
eUSB2 port or repeater shall transition to Default.

Note that when Port Reset is transmitted by the eDSPn and eUSBr to the eUSPnand
repeater respectively upon POR, the eUSPn and repeater may also be transitioning from
POR as well. Inthis case, the full duration or Texrse1 receive timing of the Port Reset may not
be completely detected or met by the eUSPn and repeater. As the eUSPn and repeater are
in POR default state, the eUSPn and repeater may ignore or declare ESEL (Note: The
eUSPn and repeater is recommended to have a timer to distinguish between ESE1, CM.RAP
and Port/Repeater Configuration) even with the potential shorter Port Reset duration. The
eUSPn and repeater shall wait for Port/Repeater Configuration if the Port Resetis ignored.
Also, if a controller reset or UTMI reset occur during Port Reset, the eDSPn and the eUSBr
depending on implementation may choose to complete or terminate the Port Reset. If Port
Reset is terminated, the eDSPn and the eUSBr shall retransmit Port Reset.

| |
[¢— TexTser————P

eD+

eD-

Figure 3-22: Extended SE1

3.3.9 Port/Repeater Configuration

Port/Repeater Configuration is a handshake defined to establish an initialization connection
between link partners (eDSPn-eUSPn and eUSBr-repeater).

e Port/Repeater Configuration is issued by eDSPn/eDSPr/eUSPr and acknowledged by
eUSPn/eUSPh/eDSPp respectively upon detecting the logic ‘1’ on eD+/eD-.

Port/Repeater Configuration is defined to cover the following scenarios

e To establish an initialization between eDSPn and eUSPn as well as to convey HS
receiver termination setting to eUSPn.
o Alogic ‘1’ on eD+ from eDSPn to eUSPn to indicate to eUSPn to enable its HS
receiver termination. And eUSPn shall acknowledge on eD-.
o Alogic ‘1’ on eD- from eDSPn to eUSPn to indicate to eUSPn to disable its HS
receiver termination. And eUSPn shall acknowledge on eD+.
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e To establish an initialization between eUSBr and its repeater as well as to configure its
repeater for Host or Peripheral operation mode.
o Alogic ‘1’ on eD+ from eDSPr to its repeater to enable its repeater for Host
operation mode. And repeater eUSPh shall acknowledge on eD-.
o Alogic ‘1’ on eD- from eUSPr to its repeater to enable its repeater for Peripheral
operation mode. And repeater eDSPp shall acknowledge on eD+.
e AneDSPn/eDSPr/eUSPr shall complete Port/Repeater Configuration upon detecting an
acknowledgment from the eUSPn/eUSPh/eDSPp respectively by Tconeic_cmeL.
e Refer to Error! Reference source not found. for signaling detail.

- i

eD- N \,

|l «— 1

Tconric_cmpL

Figure 3-23: Port/Repeater Configuration
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4 eUSB2Native Mode Architecture and Operation

4.1 eUSB2 Native Mode Configuration and Usage

Native mode eUSB2 operation is defined to support in-box interconnect where the speed of the
eUSB2 operation maybe preconfigured. This usage model may allow an opportunity for a
downstream port to support only a single or selected speed configurations, and hence,
implementation optimization may be possible based on port customization. Howevwer, it is a
system’s responsibility to be aware of a downstream port’s capability and to ensure proper device
configuration and interoperability.

A customized downstream port supporting a single or selected data rates shall follow
the eUSB2 specification as defined in Section 4.3 in terms of device connect, reset
and speed detection. Note that a downstream port that supports high-speed only
operation is still required to perform speed detection protocol, even it is known prior
that a device attached is high-speed capable.

Examples of downstream port configurations include but are not limited to the following:

LS, FS, HS
LS, FS only
FS, HS only
FS only
HS only

4.2 eUSB2 Native Mode Protocol Signaling
Below section describes protocol and signaling that is applicable to Native Mode only.
4.2.1 PortReset (ESE1)

Port Reset (Note that is the not equivalent to USB2.0 bus reset), ESE1 signaling is defined to
perform the following:

e AneUSPn shall initiate Port Reset when one of the following scenarios occur:

@)

Port Reset is issued by an eUSPn when it is directed to terminate its current USB
sessionin LO, L1 or L2 for all speed. This is also referred to as soft disconnect (only
instance where Port Reset is transmitted from eUSPn).

eUSPn shall not initiate Port Reset upon Power-up reset. An eUSB2 port in Native
mode shall be configured (UTMI+ interface) as single role (or device mode) to awid
the eventual device port (eUSPn) coming out of POR as host port (eDSPn) and
transmit Port Reset.

In the event where an eUSPn may be disconnected without its associated eDSPn
being aware or not being able to transmit Port Reset before disconnecting/powering
off (especially in L1 or L2), it is implementation specific to use sideband
communication to inform eDSPn. This is also referred to as silent disconnect

e AneDSPn shall initiate Port Reset under one of the following conditions:

O
@)

Power-up reset.
Implementation specific HW reset on the phy or UTMI interface.

A declaration of Port Reset reception is defined below:

e AneUSPn upon POR detecting SE1 on the eUSB2 bus, shall declare the reception of
ESE1 based on the Texrsex receive timing. Note: As both eDSPn and eUSPn power up
asynchronously, eUSPn may not obsene enough duration of SE1 to declare Port Reset.
eUSPn may ignore this and continue to wait for Port Configuration.

o Ifthe eUSB2 port is not transmitting SE1, and upon detection of SE1 for Tnarve se1, the
eUSB2 port shall stop and disable its current TX (if it is transmitting any data packet) to
prevent contention to SE1 reception.
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e The eDSPn/eUSPn port shall declare the reception of Port Reset/soft disconnect
respectively upon detecting SE1 condition for Tnarve esei. - Note that this receive timing is
shorter than repeater mode Texrse1 receive timing, to allow quicker Port Reset declaration
with Native mode eUSB2 expected to have the necessary clock frequency to detect it.

4.2.2 Port Configuration

Port Configuration is a handshake defined to establish an initialization connection as well as
conweying receiver termination scheme between the eDSPn and eUSPn. Port Configuration
signaling is defined to perform the following:
e Port Configuration is issued by eDSPn and acknowledged by eUSPn upon detecting the
logic ‘1’ on eD+/eD-.
e Upon POR and after transmitting Port Reset, the eDSPn shall drive a logic ‘1’ on eD+ as
a Port Configuration to eUSPn. A logic ‘1’ on eD+ Port Configuration is also an indication
to eUSPn to enable its HS receiver termination. And eUSPn shall acknowledge on eD-.
e Upon POR and after transmitting Port Reset, the eDSPn shall drive a logic ‘1’ on eD- as a
Port Configuration to eUSPn. A logic ‘1’ on eD- Port Configuration is also an indication to
eUSPn to disable its HS receiver termination. And eUSPn shall acknowledge on eD+.
o AneDSPn shall complete Port Configuration upon detecting an acknowledgment from
the eUSPn by Tconric_cmpL.
e Refer to Figure 4-1 for signaling detail.

- i

eD-

Tconric_cmpL

Figure 4-1: Port Configuration with HS Differential Receiver Termination Enable

4.2.3 DisconnectDetect

The mechanisms of eUSB2 disconnect detect at LS/FS and HS are different from USB2.0.
Section below discussed the disconnect detection for various speeds as well as under different
link state.

4.2.3.1 Low-speed/Full-speed Disconnect Detect during LO
The SEO idle state of eUSB2 is maintained by both ports through their Rep in FS/LS LO. This is
different from idle state J defined in USB2.0 that allows for disconnect detect during idle state. A
digital mechanism and Port Reset are defined for eUSB2 device disconnect detect during LO.

4.2.3.1.1 Digital Ping
An eUSPn in LO periodically transmits a digital ping, as illustrates in Figure 4-2, to announce its
presence. In LO, during silent disconnect, the absence of the digital ping from eUSPn within EOP
of any packet transmitted to eDSPn is an indication of device disconnect. A digital ping is defined
as a digital pulse of variable duration transmitted at eD- or eD+ during EOP reception.
e AneUSPn shall transmit a digital ping within the window of EOP. It shall transmit the
digital ping based on the following:
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o It shall start transmitting the digital ping upon detecting the first falling edge of
EOP as shown in t0 of Figure 4-2. It shall allow Toping su for eDSPN to
sample the digital ping.

o It shall complete transmitting the digital ping on the second falling edge of
EOP as shown in t2 of Figure 4-2. It shall allow Toping_su for eDSPN to
sample the digital ping.

An eDSPnin FS operation shall sample at eD- for digital ping on the second rising
edge of EOP as shown in t1 of Figure 4-2.

An eDSPnin LS operation shall sample at eD+ for digital ping on the second rising
edge of EOP.

eDSPn shall declare device disconnect upon detecting missing of the digital ping.

:<—Packet datc: >:< —EOP— >:<—IDLE—>: :
A .
eD+ | : | : :
| X | | |
I I
| | | | ' : | | :
I I I ( X : : :
' N | |
eD- : ) ,: | ! |
L ! T | 1
! ' ! Topie sy | -
t0 tl t2
Figure 4-2: FS Digital Ping on EOP
Figure 4-3illustrates an established FS link disconnecting with its device performing a silent
disconnect.
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HostTx  Device Ping Device Tx Host Tx froNr: z;’:{?ce
HOST
DpPulldown/
DmPulldown
TermSelect
XcvrSelect(1:0) 01(FS)
OpMode(1:0) 00(normal)

Host TxValid
Controller 4 x,‘i
hsdisconnet i }
/ [
eUSB2 Port LINESTATE ] [packet [y N[ paeke Ky N [feacke ] T sE0
(eDSPn) / A\
‘:&:‘:l euss2
EQP EOP
eD+
eD- eD+ 55 M f
\Host Packet Ping Device Packet \H st Packet
D-
eUSB2 Port DEVICE
(eUSPn) DpPulldown/ —
DmPulldown \
XcvrSelect(1:0) 01(FS)
Peripheral \
Controller TermSelect \ Z)evice
OpMode(1:0) 00(normal)| | disconnected

|
SuspendM
TXValid

o] [a] le EIEl

Figure 4-3: FS disconnectinLO

t0:

+ eDSPn transmits data packet.
tl:

» eUSPn transmits digital ping at EOP.
t2:

+ eUSPn transmits data packet.

+ Digital ping not required from eDSPn.
t3:

+ eDSPn transmits data packet.

» eUSPndisconnected, hence no digital ping returns to eDSPn.
t4:

+ eDSPndeclares device disconnect reflecting UTMI+ disconnect to its host.
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+ eDSPntransmits Port Reset for a potential new USB session (as an attempt to
restart link in the possibility of a hang device).

4.2.31.2 Port Reset (ESE1)
An eUSPn and eDSPn utilize Port Reset (ESEL) to reset the link as described below:

e AneUSPn as directed by its controller to perform a soft disconnect.

[ )
e AneDSPn shall also declare device disconnect when a device Port Reset is
received.

4.2.3.2 Low-speed/Full-speed Disconnect Detect during L1, L2, End of Resume, or
End of Reset
The SEO idle state of eUSB2 is maintained by both ports through their Rep during L1 and L2.
This is different from idle state J defined in USB2.0 that allows for disconnect detect during these
states. A digital mechanism and Port Reset are defined for eUSB2 device disconnect detect
during L1 and L2.

4.2.3.2.1 Digital Ping
An eUSPnin L1 or L2 transmits a digital ping to announce its presence within the
EOResume/Reset as indication of device presence. A digital ping is defined as a digital pulse of
variable duration transmitted at eD- or eD+ during EOP reception. An example of the FS digital
ping transmission at the end of resume is shownin Figure 4-4.

e AneUSPn shall transmit a digital ping within the window of EOResume/Reset. It shall
transmit the digital ping based on the following:
o It shall start transmitting the digital ping upon detecting the first falling edge of
EOP as shown in t1 of Figure 4-4.
o It shall complete transmitting the digital ping on the second raising edge of
EOP as shown in t3 of Figure 4-4.
o Note that eUSPn shall ensure the assertion of digital ping before Topins_su t0
ensure proper sampling by eDSPn.
e AneDSPninFS operation shall sample at eD- for digital ping on the second rising
edge of EOP as shown in t3 of Figure 4-4.
e AneDSPninLS operation shall sample at eD+ for digital ping on the second rising
edge of EOP.
e eDSPn shall declare device disconnect upon detecting missing of the digital ping.

I« TorsmoN [USB2.0] ”
| EOResume |
| (LS Ul duration) |
|
eD+ ‘
| ™
[
| | | |
(g
eD- | : |
| | .
=
: : :TDhNG:_su i
1 1 1 "
to tl || t2 t3 || t4

Figure 4-4: lllustration of an eUSPn Transmitting Digital Ping at the FS End of Resume
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t0. eDSPn drives eD- to logic ‘1’ to start resume.

tl. eDSPn transmits FS EOResume (LS Ul duration) to conclude resume.
t2. eUSPn, upon detecting EOResume, transmits a digital ping.

t3. eDSPn sample digital ping to declare device present or disconnect.

t4. Link enters LO.

4.2.3.2.2 Port Reset (ESEL)
An eUSPn and eDSPn utilize Port Reset (ESEL) to reset the link as described below:

e AneUSPn as directed by its controller to perform a soft disconnect.

[ ]
e AneDSPn shall also declare device disconnect when a device Port Reset is
received.

4.2.3.3 High-speed Disconnect Detect during LO
The SEOQ idle state of eUSB2 is maintained by both ports through their Rep in HS LO. An analog
ping mechanism and Port Reset are defined for eUSB2 HS device disconnect detect during LO.

4.2.3.3.1 Analog Ping
For an eDSPn, high-speed disconnect detect is performed based on the eUSPn periodically
transmitting an analog ping to the eDSPn to announce its presence. This is illustrated in Figure

4-5.

An eDSPn shall transmit an uSOF packet upon directed by its controller with 8 Uls of
EOP length (instead of 40Uls as in USB2.0) to allow window for analog ping.

An eDSPn while transmitting this 8 Uls uSOF.EOP shall maintain its interface (i.e.
linestate) to its host controller as 40Uls to prevent subsequent controller's TXduring
analog ping.

An eUSPn shall transmit an analog ping after receiving the end of HS EOP as defined in
Figure 4-5.

An eUSPn may require maintaining 40Uls uSOF.EOP on its UTMI+ interface to the
controller (i.e. linestate) depending on device controller implementation requirement.
An analog ping shall be a high-speed data K with pulse width of Tanaoceine @s shown in
Figure 4-5.

An eUSPn shall enable its squelch detector no later than the minimum time of
Trurnarounp after the completion of uSOF.EOP transmission.

An eDSPn shall declare device disconnect if It has not received any analog pings from
the device after the end of HS EOP of uSOF packets.
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Figure 4-5: lllustration of Device Transmitting an Analog Ping

t0. eDSPn starts transmitting EOP of uSOF. Note that it is only 8 Uls
instead of 40 Uls. This allows 32 Uls for the eUSB2 bus to
turnaround and transmit the analog ping.

tl. eDSPn completes packettransmission and both eDSPn/eUSPn
enter LO idle.

t2. eUSPn starts transmits the analog ping to announce its presence.

t3. eUSPn completes the analog ping transmission.

t4. eDSPn/eUSPn enter LO idle.

Figure 4-6 illustrates an established HS link disconnecting with its device performing a silent
disconnect.
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Figure 4-6: HS disconnectin LO

+ eDSPn transmits uSOF packet.

t1:

+ eUSPn transmits analog ping at uSOF EOP.

t2:

+ eUSPn transmits data packet.
* Analog ping not required from eDSPn.

t3:

* eDSPntransmits uSOF packet.
» eUSPndisconnected, hence no analog ping returns to eDSPn.

t4:

+ eDSPn declares device disconnect after not receiving analog ping on uSOFs and

reflecting UTMI+ disconnect to its host.
+ eDSPn transmits Port Reset for a potential new USB session (as an attemptto
restart link in the possibility of a hang device).
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4.2.3.3.2 Port Reset (ESE1)
An eUSPn and eDSPn utilize Port Reset (ESE1L) to reset the link as described below:
e AneUSPn as directed by its controller to perform a soft disconnect.
e AneUSPn shall perform Port Reset upon reconnect if a silent disconnect occurred.
e AneDSPn shall also declare device disconnect when a device Port Reset is
received.

4.2.34 High-speed Disconnect Detect during L1, L2, End of Resume, or End of Reset

4.2.3.4.1 Digital/Analog Ping
An eDSPn does not performs disconnect detection at the end of Reset or end of Resume to HS
as opposed to FS/LS since eUSPnis not expected to transmit digital/analog ping at the end of
Reset or Resume.

4.2.34.2 Port Reset (ESE1)
An eUSPn and eDSPn utilize Port Reset (ESEL) to reset the link as described below:

e AneUSPn as directed by its controller to perform a soft disconnect.
[ ]

e AneDSPn shall also declare device disconnect when a device Port Reset is
received.
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4.3 PHY State Transition and Power Management

A conceptual eUSB2 PHY state machine is shown in Figure 4-7. It summarizes the basic
behavior of the eUSB2 native operation during power-up, connect, reset, resume and wake,
which will be described in detail in this section.

eD+ or eD- logic ‘1’

Disconnect
Disconnect
Disconnect

CM.Reset

CM.Rese

CM.Reset

As directed
As directed

End of Reset

Resume/

Remote Wake Resume/

Remote Wake

Figure 4-7: eUSB2 Native Link State Machine

4.3.1 Default

The power-up sequence may be asynchronous between a downstream port and an upstream
port. The mechanism for connect detection is different. Refer to Figure 4-8 for a power-up timing
diagram. The port shall perform the following upon power-up:

An eDSPn shall perform the following:

It shall enable Rpp at eD+ and eD-.
It shall transmit Port Reset (ESEL) as defined in Section 3.3.8 before disabling its

transmitters.
¢ Upon completing Port Reset, it shall transmit Port Configuration as defined in Section

4.2.2 and wait for eUSPn to acknowledge.
e |t shall enable its SE receivers and wait for device connection from eUSPn.
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To decouple any USB2.0 protocol from CM.RAP and to awid unnecessary contention, CM.RAP
communication shall occur only in this state (prior to Port Configuration).

An eUSPn shall perform the following:

e |t shall enable Rep at eD+ and eD-.

e It shall not transmit Port Reset in this state (It shall not transmit Port Reset prior to
acknowledging Port Configuration from eDSPn), but monitor its eUSB2 port for Port
Reset, Port Configuration or CM.RAP from the eDSPn. Due to the asynchronous POR of
both the eDSPn and eUSPn, the eUSPn may sample at any point of the Port Reset
(ESE1), CM.RAP or Port Configuration from eDSPn coming out from POR which the
eUSPn is recommended to have a timer to distinguish among ESE1, CM.RAP and
Port/Repeater Configuration.

e It shall transmit an acknowledgement upon detecting eDSPn Port Configuration as
defined in Section 4.2.2.

4.3.2 Connect

Connect is a state where the eUSPn is attaching to its eDSPn.
o AneUSPn shall perform the following after acknowledging to eDSPn Port Configuration:
o If the port operates at full-speed/high-speed, and observes SEO at eD+/eD-, it shall
drive logic ‘1’ at eD+.
o Ifthe port operates at low-speed and obsenes SEO at eD+/eD-, it shall drive logic ‘1’
at eD-.
o Upon declaring an acknowledgement from the eDSPn, an eUSPn shall do the
following:
o Ifit operates at full-speed/high-speed it shall:
= Drive logic ‘0’ at eD+ for Tseo pr_LsFrs and then disable its eD+
transmitter.
= Enableits single-ended receiver at eD+.
o Ifit operates at low-speed it shall:
= Drive logic ‘0’ at eD- within Tseo pr 1srs and disable its transmitter.
= Enable its single-ended receiver at eD-.

An eDSPn shall perform the following:

e Upon completing the Port Configuration, an eDSPn shall proceed for device connect
detection.

e Upon detecting device connect, an eDSPn may (shall debounce with mechanical
hotplug) perform debounce. The debounce period is implementation specific
depending on the platform requirements. A downstream port shall declare device
connect and acknowledge the device accordingly based on one of the following:

o Ifit has detected logic ‘1’ at eD+ and logic ‘0’ at eD-, it shall start driving logic
‘1" at eD-.

o Ifit has detected logic ‘0’ at eD+, and logic ‘1’ at eD- it shall start driving
logic ‘1" at eD+.

e AneDSPn shall complete the connect acknowledgement and declare the following:

o Ifitis driving logic ‘1’ at eD- for acknowledgement, and observes logic ‘0’ at
eD+, it shall drive logic ‘0’ at eD- and declare full-speed/high-speed device
connect.

o [Ifitis driving logic ‘1’ at eD+ for acknowledgement, and observes logic ‘0’ at
eD-, it shall drive logic ‘0’ at eD+ and declare low-speed device connect.

Refer to Figure 4-8 for a FS connect timing diagram.
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4.3.3 Reset
In the Reset state, both eDSPn and eUSPn is performing a bus reset and speed negotiation.

An eUSPn shall perform the following:

An eUSPn shall enter reset upon detection of logic ‘1’ on eD+ for FS device connect
or logic ‘1’ on eD- for LS device connect respectively.

An eUSPn shall transmit device chirp as defined in USB2.0, as directed by its
controller.

An eUSPn may expect host chirp K-J from eDSPn before the end of reset and shall
reflect this to its UTMI+ interface toits device controller. Refer to Figure 4-9 for HS
negotiation. Note: The eUSPn may not observe host K-J chirp (for a FS capable only
host). In this event the eUSPn shall maintain SEO on both eD+/eD- expecting to
receive FS EOReset from eDSPn.

An eUSPn shall end Reset and reflect this to its UTMI+ interface, if it detected
EOReset as defined in Section 3.3.4.

An eDSPn shall perform the following:

When directed by the host controller, an eDSPn shall transmit a logic ‘1’ on eD+ for
FS device connect or logic ‘1’ on eD- for LS device connect respectively to initiate
device reset.
An eDSPn shall perform the speed detection as defined in USB2.0.
An eDSPn may expect device chirp K from the eUSPn indicating HS capable
upstream port.
An eDSPn shall perform host K-J chirp as directed by its controller. Note: The
eDSPn may not be directed to transmit host K-J chirp if it is not HS capable.
An eDSPn shall perform one of the following to conclude reset as directed by its host:
o Ifitoperates at LS, it shall transmit a LS EOP to conclude reset.
o Ifitoperates at FS, it shall transmita FS EOP (LS Ul duration) to conclude
reset.
o If it operates at HS, it shall transmit a single acknowledgement pulse of
Tstrose at eD+ at the end of host chirp acknowledgement to conclude reset.
Refer to section 3.7.3 for definition of high-speed end of reset.
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4.3.31 FSlink Resettiming diagram
Figure 4-8 below illustrate the timing flow of a native eUSB2 host and device establishing a FS
link.

eDSPn
Rpd pog  eDSPnpresent Connect CM.Reset EOReset
HOST
DpPulldown/
DmPulldown
TermSelect Tﬁ‘ (V}
e I
l & N
XcvrSelect(1:0) 00 01(Fs) < i KL 00 (Hs) 1 X! 01(FS)
T T |
R R
OpMode(1:0) 0o(normal) e X \10(Reset)‘ éqmormal)
+ T 4 T
[ } L,A/
Host SuspendM
Controller
hsdisconnet
eUSB2 Port LINESTATE SEO s J se¢/ !
(eDSPn) ) [
ljil' euss2
cc EOReset
eD+ fd ~
eD- eD+ ——\—//g\‘/ Term 0
ESEL Rebet
eD-
[ ] I W = 55
= \
eUSB2 Port DEVICE
(eUSPn) DpPulldown/ —
DmPulldown \ \
XcvrSelect(1:0) 00 \ 01(FS) \
Peripheral | \
Controller TermSelect ) \
OpMode(1:0) 00 01(nor)-driving) Ooe\pormal)
i |
SuspendM /
TXValid /
I\
LINESTATE N J SEO !
2] [s] )
Figure 4-8: FS connect
tO:

+ Both eDSPn and eUSPn power up and turning on its Rep respectively. Note: This
event may be asynchronous as both eDSPn and eUSPn may be powered up at a
different time.

t1:
+ eDSPn POR and transmit Port Reset.

t2:
+ eDSPn transmit present announcement with termination enabled.
* eUSPn acknowledge present announcement.
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t3:

t4:

t5:

eUSPn signal connect with logic ‘1’ on eD+ as directed by its device controller.
eDSPn acknowledge eUSPn device connect with a logic ‘1’ on eD- and reflect device
connect on its UTMI+ interface.

Note that, as illustrated with the dotted arrow, UTMI+ opmode may have transition to
“normal” earlier (or at time zero). In this scenario, the eUSPr shall change its UTMI+
linestate to J but only transmit logic ‘1’ on eD+ after it has completed power reset
announcement.

eUSPn drive a logic ‘0’ (before releasing to Rep idle), upon detecting a logic ‘1°
acknowledgement from eDSPn,

eDSPn drive logic ‘0’ (before releasing to Reo idle), upon detecting a logic ‘0’ from
eUsPn.

eDSPn drive logic ‘1’ on eD+ (Rep 0n €D-) representing a bus reset SEQ on USB2.0.
Note: Depending on implementation, UTMI+ xcwselect and opmode may not change
together with UTMI+ termselect. UTMI+ termselect may be the sole trigger for bus
reset.

eUSPn reflect bus reset to its UTMI+ interface.

eDSPn end bus reset with Reset EOP. Note: Depending on implementation, UTMI+
xcwurselect and opmode may not change together with UTMI+ termselect. UTMI+
termselect may be the sole trigger for bus reset.

eUSPn responds with a digital ping as defined in Section 4.2.3.2.

Page 56 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

4.3.32 HSIlink Reset timing diagram
Figure 4-9 below illustrate the timing flow of a native eUSB2 host and device establishing a HS

link.
Device
evice Host ermination
POR eDSPn present Connect Reset (Ii)hrip K Chrip KI T Enabl; EOReset
HOST
DpPulldown/
DmPulldown .2 ¢
TermSelect
XcvrSelect(1:0) 01(FS] 00(HS)
OpMode(1:0) 00(normal) 10(Reset) « 00(normal)
Host L1Sleep/ -
Controller SuspendM
TXvalid
N
eUSB2 Port < > Device ost Chir, C
(eDSPn) LINESTATE K SEO SEO ChirpK SEQ, Host Chirp KIKIKJ SEO
[ ! eUSB2
1 1. gl N n_
eb- eD+ ESEL ermon ese!
: | D WA Y SR N AW AWATPYAW AU R
 E A |
eUSB2 Port O puldoun/ —
(eUSPn) DmPulldown \
XevrSelect(1:0) 01(FS) \ 00(HS)
Peripheral \
Controller TermSelect I
OpMode(1:0) @ 00(normal) 10(Chirp), Q0(normal)
L1Sleep
TXValid
LINESTATE J se0 K 560 Kl (se0
Figure 4-9: HS connect
t0:
*+ eDSPn POR transmit Port Reset.
t1:
+ eDSPn transmit present announcement with termination enable.
+ eUSPn acknowledge.
t2:
+ eUSPn announces device connect with logic ‘1’ on eD+ as directed by its device
controller.
+ eDSPn acknowledge eUSPn device connect with a logic ‘1’ on eD- and reflect device
connect on its UTMI+ interface.
* eUSPndrive alogic ‘0’ (before releasing to Rep idle), upon detecting a logic ‘1’
acknowledgement from eDSPn,
+ eDSPndrive logic ‘0’ (before releasing to Rep idle), upon detecting a logic ‘0’ from
eUSPn.
t3:

eDSPn drive logic ‘1’ on eD+ (Rpp 0n €D-) representing a bus reset SEO on USB2.0.
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* Note: Depending on implementation, UTMI+ xcwselect and opmode may not change
together with UTMI+ termselect. UTMI+ termselect may be the sole trigger for bus
reset.

+ eUSPnreflect bus reset to its UTMI+ interface.

t4:
+ eUSPn transmit device chirp as directed by its device controller.
+ eDSPndrops eD+.
+ eDSPn HS K-J chirp sequence follow.
t5:
* eUSPn enable HS termination.
t6:

+ eDSPn transmit EOReset to complete speed negotiation.

* Note: Depending on implementation, UTMI+ xcwselect and opmode may not change
together with UTMI+ termselect. UTMI+ termselect may be the sole trigger for bus
reset.

* Note: no digital ping transmitted from eUSPn.

4.3.4 L1, L2, Resume and Remote Wake

The policies for suspend, resume, and remote wake are like USB2.

4.3.41 L1,L2and Resume

eUSB2 shall support LPM-L1 (L1) based on USB2.0 Link Power Management Addendum. The L1
entry is initiated through L1 extended transaction as described in USB2.0 Link Power
Management Addendum.

Forentry to L1 and L2,
An eUSPn shall perform the following:

e Anupstream port shall enter suspend if it has detected link idle for the duration of
3ms as directed by its device controller for L2 entry.
e Anupstream port shall enter L1 as directed by its device controller.

An eDSPn shall perform the following:
e A downstream port shall transition to L1 and L2 when directed by its controller.

For resume from L1 and L2, the port shall adhere to the following rules:
An eUSPn shall perform the following:

e Upon detecting the resume signal, an upstream port shall proceed to exit from
suspend based on the following:

o AneUSPn operating at full-speed, shall transmit a digital ping at eD- upon
detecting the LS EOP at eD+ and enter LO.

o AneUSPn operating at low-speed, shall transmit a digital ping at eD+ upon
detecting the LS EOP at eD- and enter LO.

o Ifitis operating at high-speed, it shall enter LO upon detecting the end of
resume.

An eDSPn shall perform the following:

e A downstream port shall initiate resume by transmitting the Resume K defined below
with timing defined in USB2.0.
o If operating at full-speed/high-speed, it shall drive the Resume K at eD-.
o If operating at low-speed, it shall drive the Resume K at eD+.
e A downstream port shall conclude resume by performing on of the following:
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o If operating at full-speed, it shall transmita LS EOP at eD+. It shall
perform device presence detect during EOP transmission.

o If operating at low-speed, it shall transmita LS EOP at eD-. It shall
perform device presence detect during EOP transmission.

also

also

o If operating at high-speed, it shall transmit an end of resume signal at eD+.
The end of resume signal shall be the same as the digital ping with 1 Ul of

LS duration.

o AneDSPn resuming to full-speed or low-speed shall enter Default if it has

not received the digital ping at the end of resume.

Figure 4-10 shows the timing diagram of a FS link suspend entry and resume.

Host
Controller

eUSB2 Port
(eDSPn)

s

eb
¥

eD-

(M

eUSB2 Port
(eUSPn)

Peripheral
Controller

t0:

t1:

t2:

t3:

t4:

t5:

Host
Start of L2 _Host Host Device Resume
L2 entry entry initiates — starts jnjiates LO ends Ends
Loentry  resume entry resume
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcvrSelect(1:0) 01(FS)
OpMode(1:0) 00(normal) 10(chirp) 00(normal;
SuspendM __ | N
TXValid
LINESTATE J K <SE§>< J
S EQR
euUsB2 End pf
eD+ _Packet umf)\
eD- _Packet ﬁ
DEVICE
HostMode __
DpPulldown/ —
DmPulldown
TermSelect __
XcvrSelect(1:0) 01(FS)
OpMode(1:0) 00(normal)
SuspendM __
TXValid __
LINESTATE J K KSEC J
[e] [l (][]

Figure 4-10: FSL2 & resume

eDSPn initiate L2 entry as directed by its host controller with link going idle.

eUSPn initiate L2 entry upon 3ms as directed by its device controller.
Link enter L2.

eDSPninitiate LO entry as directed by its controller.

eDSPn starts resume process as directed through its controller.
eDSPn transmit logic ‘1’ on eD- as resume.

eUSPn initiate LO entry as directed by its controller.
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 eDSPn end resume with EOResume.

t6:
+ eUSPnresponds with a digital ping as defined in Section 3.3.5.1.1.
* BotheDSPn and eUSPn enter LO.

4.3.4.2 Remote WakefromLlandL2
For remote wake from L1 and L2, the port shall adhere to the following rules:
An eUSPn shall perform the following:

e AneUSPn port shall initiate remote wake based on the following:
o Ifitis operating at full-speed/high-speed, it shall use eD- to initiate remote
Wake K, the timing of which shall follow USB2.0.
o Ifitis operating at low-speed, it shall use eD+ to initiate remote Wake K, the
timing of which shall follow USB2.0.
o Note that in the event of host not responding to the wake, an RC discharge
would be observed on the eUSB line as illustrated in Section 3.3.6.1.1.

An eDSPn shall perform the following:

e A downstream port, upon detecting remote wake, shall acknowledge resume within
Tursw as defined by the USB2.0. A downstream port shall perform one of the
following:

o Ifitis full-speed/high-speed operation, it shall drive the resume signal at eD-,
the timing of which shall follow USB2.0.

o Ifitis low-speed operation, it shall drive the resume signal at eD+, the timing
of which shall follow USB2.0.

o The downstream port shall complete resume with EOResume as defined in
Section 3.3.5.1.1.

Shown in Figure 4-11 is an example timing diagram of a link in FS operating from entry to L2, to
an upstream port initiating remote wake, and a downstream port following up with resume.
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Device

L2 Device Device Host  Host  gpqs Host R
entry initiates drives  initiates  starts yomote ends eszme
LO entry wake LO entry resume ke resume ends
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcvrSelect(1:0) 01(FS)
Host OpMode(1:0) K 10(chirp) 00(normal)
Controller SuspendM
TXvalid __ -
eUSB2 Port
(eDSPn) LINESTATE J K KsEX J
eusB2 (End Sfi?ime)
eD+ I\
_| |_ DEVICE
eUSB2 Port HostMode __
(eUSPn) DpPulldown/ —
DmPulldown
TermSelect
Peripheral
Controller XcvrSelect(1:0) 01(FS)
OpMode(1:0) 00(normal) LO(chirp| X1 00(normal)
SuspendM __ h ]
TXValid __
LINESTATE J K SEQX J
Figure 4-11: FS L2 & remote wake
t0:
* Link enter L2.
t1:
+ eUSPninitiate LO entry as directed by its controller.
t2:
+ eUSPn starts remote wake process as directed through its controller.
+ eUSPn transmit logic ‘1’ on eD- as wake.
t3:
+ eDSPninitiate LO entry as directed by its controller.
t4:
+ eDSPn starts resume process as directed through its controller.
» eDSPn transmit logic ‘1’ on eD- as resume.
t5:
+ eUSPn end remote wake as directed through its controller.
t6:

+ eDSPn end wake resume with EOResume.
+ eUSPnresponds with a digital ping as defined in Section 3.3.5.1.1.
+ Both eDSPn and eUSPn enter LO.
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4.3.5 DisconnectinLlor L2

As the eUSB line would remain as SEO before and after disconnect, eUSPn and eDSPn shall
perform the follow during disconnect and reconnect.
e Upon directed to perform a soft disconnect, eUSPn shall transmit a port reset

announcement, ESE1 to eDSPn to terminate the current session.
e If the device is undergoing a silent disconnect, itis system level implementation to ensure

a sideband communication to inform eDSPn.

4.3.6 ResetduringlLO,Llor L2

An upstream port in LO, L1, or L2 shall enter reset if it has detected Bus Reset as defined in
Section 3.3.4.
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5 eUSB2Repeater Architecture and Operation

This chapter describes the architecture and operation of an eUSB2 Repeater compliant to
USBZ2.0 specification.

51 eUSB2 Repeater
An eUSB2 Repeater is working with an eUSB2 PHY in SOCs to support:

e USB2 host root hub DSP (Host Repeater)
e USB2 peripheral USP (Peripheral Repeater)

e USB2 Dual-role port (Dual-role Repeater)

5.1.1 Architecture and Interface

The architecture of an eUSB2 repeater is a half-duplex non-linear redriver. A simplified eUSB2
repeater block diagram is shown in Figure 5-1.

eUSB2 port Datapath switch USB2 port

AT
L ) |

Repeater
Control

State Machine <] Host/Peripheral Select

Figure 5-1: Dual-Role Repeater Architecture

5.1.2 Signaling Modes

An eUSB2 Repeater at any given time operates in one of the two signaling modes. This is shown
in Figure 5-2.

Exit from LO active

Power
good

Entry to LO active
Figure 5-2: eUSB2 Repeater Operation Mode

e REP is arepeating signaling mode where packets are forwarded between eD+/eD- and
D+/D-, with end to end timing preserved to meet the timing requirements defined by
[USB 2.0] and eUSB2 specifications.
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¢ NREP is a non-repeating signaling mode when the link is in one of the following states:

= |Initialization during Connect, Reset and Speed Negotiation.

= L1and Suspend.

= LOwhere a control message is being transmitted by local eDSPr/eUSPr to its
associated Repeater. This includes CM.Reset or CM.FS. It may also include ESEL.

Timing in NREP mode is not as critical as in REP mode since the information transmitted is for
control and status reporting purposes such as Control Message, Chirp, or Repeater Configuration
Announcement.

5.1.3 Repeater Operation

Shown in Figure 5-3 are example block diagrams of a host repeater and a peripheral repeater
with their respective host and peripheral eUSB2 port and controller. Note that the eUSB2 port and
the repeater may be implemented as dual-role capable. The details of a dual-role repeater
implementation are described in the following sections.

eUSB2 Port Host Repeater
Host o eD+ 1 —Dt o
0S
eDSPr eUSPh UDSP
Controller <D | D
Host Repeater Mode
Peripheral Repeater eUSB2 Port
D+ eD+ | .
Uusp  eDSPp eUSPr Peripheral
D- eD- | | Controller
<>

Peripheral Repeater Mode
Figure 5-3: eUSB2 Repeater in Host or Peripheral Mode
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5.2 Dual-Role Repeater State Machine

An informative two-level state machine of an eUSB2 dual-role repeater is defined. The top-level
state machine defines the operation of an eUSB2 repeater from power-up. The second-level state
machine defines the repeater operation in the host or peripheral mode upon entering the USB
session.

5.2.1 Top Level Repeater State Machine

Shown in Figure 5-4 is the top-level dual-role repeater state machine. Note that the state machine
also applies to a single-role host or peripheral repeater.

POR or
HW Reset

Peripheral

Host Mode Peripheral Mode

Figure 5-4: Top-Level eUSB2 State Machine\
5.2.2 Default

Default is the power-on state upon POR or HW reset. In this state the repeater is waiting for
configuration from the eUSBr (yet to be configured eUSB2 port). To decouple any USB2.0
protocol from CM.RAP and to awoid unnecessary contention, CM.RAP communication shall occur
only in this state (prior to Repeater Configuration).

e This is a state the repeater or eUSBr shall transition to upon transmitting or receiving a
Port Reset.
A repeater in this state shall disable its USB2.0 transceiver and enable its eUSB receiver.
The repeater’'s eUSB port shall be maintained as SEO with Rep.
The repeater in this state shall not transmit any signaling but monitor its eUSB2 port for
Port Reset, Repeater Configuration or CM.RAP from the eUSBr. Due to the
asynchronous POR of both the repeater and the eUSBr, the repeater may sample at any
point of the Port Reset (ESE1), CM.RAP or Repeater Configuration from eUSBr coming
out from POR which the repeater is recommended to have a timer to distinguish among
ESE1, CM.RAP and Port/Repeater Configuration.
e AneUSBr port, upon POR or HW reset, shall transmit Port Reset.
¢ An eUSBTr port, upon completing Port Reset, shall configure the repeater by transmitting
Repeater Configuration when directed. An eUSBr shall perform one of the following.
o It shall transition to Host as eDSPr after Host repeater configuration is
acknowledged.
o It shall transition to Peripheral as eUSPr after Peripheral repeater configuration is
acknowledged.
e Arepeater, upon detecting Repeater Configuration, shall send an ACK and transition to
Host mode or Peripheral mode operation accordingly.
¢ AneUSBr shall end Repeater Configuration upon detecting an acknowledgment from the
repeater by Tconric_cmpL.
e Upon completing Repeater Configuration, eUSBr shall ensure an idle time of Tconric_ibLe
before transmitting the next signaling (i.e. Connect announcement from eUSPr)
e AneUSBrshall keep its UTMI+ interface to the controller idle (i.e. SEO on linestate) while
configurating its repeater.
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o The eDSPr shall reconfigure its repeater with Repeater Configuration if Port Reset is
received for HS device disconnect. Note that eDSPr may utilize Port Reset to instruct its
repeater to transition to default if its port is disabled (it is implementation specific how a
host controller indicates port disable to its physical layer).

5.2.3 Host

Host is a state where an eUSB2 repeater is configured as a host repeater, and its associated
eUSBr acts as an eDSPr port.
e AneDSPr port shall enter Default if one of the following conditions is met.

o Upon completing Port Reset, if directed. Note that this is implementation specific on
the interface from host controller to direct its associated PHY to perform port reset or
terminate an existing USB session.

o Upon detecting the device disconnect announcement from the host repeater.

e A host repeater shall enter Default if one of the following conditions is met.

o Upon completing the HS device disconnect announcement.

o Upon detecting Port Reset from the eDSPr.

5.2.4 Peripheral
Peripheral is a state where an eUSB2 repeater is configured as a peripheral repeater, and its
associated eUSBr acts as an eUSPr port.

o AneUSPr port shall enter Default if directed and after Port Reset is transmitted.
e A peripheral repeater shall enter Default if Port Reset is received from eUSPr.
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5.3 Host Repeater Operation

This section describes basic operations of an eUSB2 host repeater with its associated eDSPr.
The operation state machine of the host mode repeater state machine is shown in Figure 5-5.

Note: eDSPrimplementation may have a different state or state transition than the repeater.
Below diagrams and description are an informative, not normative, guide to eDSPr
implementation.

Default

Disconnect or
Port Reset Announcement

Repeater
Configuration
(Host)

y

Connect

Connected

CM.Reset

CM.Reset

CM.Lx

Resume or
RemoteWake
detected

Figure 5-5: Host Mode Repeater State Machine

5.3.1 Connect

Connect is a state where the repeater operates under NREP mode. Repeater in this state shall
monitor for device connect.

Section 5.5.1 illustrates a host repeater link detecting a FS connection upon POR.
Section 5.5.4 shows a host repeater detecting a peripheral connection and establishing a HS link
upon POR.

Connect contains two substates (implementation may combine these to one state) as shown in
Figure 5-6.
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Host Mode

Connect.Detect
——CM.Test:
(N REP) -

|
SEO observed at D+/D- D+ or D- pull-up detected

Connect.Announce
(NREP)

CM.Reset

Figure 5-6: Connect Substates

5.3.1.1 Connect.Detect

Connect.Detectis a substate where the host repeater enables the FS transceiver at its UDSP in
preparation for device connect.

5.3.1.1.1 Connect.Detect Requirements

The repeater shall meet the following conditions:

It shall enable its Rep at both eD+ and eD-.

The SE receiver at its eUSB2 port shall be enabled.

The FS transceiver at its UDSP shall be enabled.

It shall perform USB2.0 device connect by monitoring the line state at D+/D-.

It shall return to Default state if Port Reset is received.

It should be in the lowest power state while monitoring for a device attach at the USB2.0
lines or port reset from eDSPr where both events are not timing critical. Note: It may turn
off it UDSP SE receiver if device attach detection is performed out-of-band.

e It shall perfform SCM detection and control message decoding for CM.Test.

The eDSPr shall meet the following conditions:
It shall enable its Rep at both eD+ and eD-.
The SE receivers at its eUSB2 port shall be enabled.

e It shall transmit CM.Test as directed with the UTMI+ xcwselect and termselect in HS
and linestate is SEO. Note that different host controller implementation may have
additional UTMI+ interface changed. Additionally, CM.Test shall be transmitted in an
unconnected state where linestate is SEO.

5.3.1.1.2 Exit from Connect.Detect
The repeater shall perform the following tasks:
e It shall transition to Connect. Announce if D+ or D- pull-up is detected.
e It shall transition to Default if Port Reset is received.
e It shall transition to LO and enable its HS termination for USB2.0 HS Compliance Test if
CM.Test is received.

The eDSPr shall perform the following tasks:

e It shall transition to LO and enable its HS termination for USB2.0 HS Compliance Test
upon completed CM.Test to the eUSPh.
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5.3.1.2 Connect.Annouce
Connect.Announce is a substate where the repeater relays the USB2.0 device connect event
through its eUSB2 port to the eDSPr until it detects the host CM.Reset.

5.3.1.2.1 Connect.Announce Requirements
The repeater shall meet the following conditions:
e If D+ is pulled high and D- is pulled down, it shall drive logic ‘1" at eD+ and logic ‘0’ at eD-
through Rep.
e If D-is pulled high and D+ is pulled down, it shall drive logic ‘1" at eD- and logic ‘0’ at eD+
through Rep.
e Note: it is expected that the USB2.0 D+ and D- lines may experience toggling, especially
during a mechanical attach event. During this scenario, the host repeater shall perform
the USB2.0 to eUSB2.0 mapping as shown in Table 5-1.
¢ Note: The host repeater is not required to perform debounce or de-glitching of the
USB2.0lines in any of its states.
o Note: Repeater is solely reflecting D+/D- to eD+/eD-. If disconnect occurs (prior to
CM.Reset from eDSPr), repeater shall remain in this state and shall not expect a Port
Reset from eDSPr.

Table 5-1: USB2.0to eUSB2.0 mapping during connect

D+/D- eD+/eD- Note
SEO SEO eD+/eD- are being
maintained with Rep
SE1 SEO The host repeater shall not

produce SE1 on eUSB line.
A SElonUSB2.0lineis
mapped to SEO0 on eUSB2.0

with Rep

High/Low Logic ‘1’/Rep Indicating a FS/HS device
attach

Low/High Repo/Logic ‘1’ Indicating a LS device attach

{High > Low}/Low | {Logic ‘1’ = Logic ‘O’ (Tseo pr_LsFs) = The host repeater shall drive
Reo}/ Rep Tseo or Lses  before maintain
logic ‘0’ on eD+ with Rep

Low/{High - Low} | Reo/{Logic ‘1’ = Logic ‘0’ (Tseo pr_tsrs)} | The host repeater shall drive
- Rep Tseo pr 1srs  before maintain
logic ‘0’ on eD- with Rep

e The repeater shall monitor for CM.Reset coming from its eDSPr for bus reset.

The eDSPr shall meet the following conditions:

It shall enable its Rep at both eD+ and eD-.
The SE receivers at its eUSB2 port shall be enabled.

e It shall reflect the state of eD+ and eD- from eUSPh to its UTMI+ interface to the hast
controller.

e The eDSPrmay enter Lx when directed by its host controller, while keeping its SE
receiver enabled to monitor device attach. Note that eDSPr (in the Connect state)
shall not transmit any CM.Lx messages to its associated repeater for this Lx entry.
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5.3.1.2.2 Exit from Connect.Announce

The repeater shall perform the following tasks:
e [t shall transition to CM.Reset if it has detected CM.Reset from eDSPr.
e The repeater shall transistion to Default if it receives Port Reset.

The eDSPr shall perform the following tasks:
e It shall transition to CM.Reset when directed by it controller to perform bus reset.
¢ It shall stay in Connect if USB2.0 disconnectis detected.

5.3.2 CM.Reset

CM.Reset is a state where the repeater operates under NREP mode. In this state, the repeater is
receiving CM.Reset from the eDSPr to perform a bus reset.

5.3.21.1 CM.Reset Requirements
The repeater shall meet the following conditions:
It shall keep its Rep enabled.
It shall perform SCM detection and control message decoding. Note that a repeater may
also receive Port Reset and shall be able to distinguish it from SCM based on its local
timer.
e [t shall sample D+/D- to determine the attached device speed (i.e. FS/HS if D+ is pulled
high, LS if D- is pulled high) upon detecting CM.Reset.
e The UDSP of the repeater shall be in FS and continue monitoring the line state at D+/D.

The eDSPr shall meet the following conditions:

It shall keep its Rep enabled.

The SE receivers shall be enabled.

It shall transmit CM.Reset when directed by its Host controller on its UTMI+ interface to
perform a bus reset.

5.3.21.2 Exit from CM.Reset
The repeater shall perform the following tasks:

e It shall transition to Reset if SEO at eD+/eD- is detected after CM.Reset.
e The repeater shall transition to Default if it has detected Port Reset.

The eDSPr perform the following task:
e It shall transition to Reset upon completed CM.Reset.
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5.3.3 Reset

Reset is a state where the repeater operates under NREP mode. In this state:
Reset contains multiple substates as shownin Figure 5-7. Section 5.5.8, 5.5.9,5.5.10and 5.5.11
shows various bus reset and speed detection timing waveform.

CM.Reset detected

Device Chirp detected

Reset.SEO (NREP) | = ;e y R

device Chirp detected
No device Chirp

& r-="="-"="=-"—="-"—"=-- A
FS/LS EOReset

Reset.Chirp (NREP)

_______ 4
End of reset
End of speed negotiation [——————— t———————l
> |
v | Reset.End (NREP) :
|
______ S ———
Reset.EOR (NREP) v
End of reset

end of Reset

Figure 5-7: Reset Substate Machine

5.3.31 Reset.SEO
Reset.SEQ is a substate where the repeater is driving USB2.0 bus reset and expecting either
speed negotiation or conclusion of reset.

5.3.3.1.1 Reset.SEO Requirements
The repeater shall meet the following condition:

o It shall keepits SE receivers enabled on eUSB2 lines.
e The UDSP of the repeater shall drive USB2.0 bus reset and monitor for device chirp to
start speed negotiation.

The eDSPr shall meet the following condition:
e It shall keep its SE receivers enabled in the event of device chirp.

5.3.3.1.2 Exit from Reset.SEOQ
The repeater shall perform the following tasks:

e The repeater shall transition to Reset.Chirp if device chirp is detected at UDSP.
e The repeater shall transition to Reset.EOR ifit is in FS operation and has detected logic
‘1" at eD+.
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e The repeater shall transition to Reset.EORifit is in LS operation and has detected logic
‘1’ at eD-.

The eDSPr shall perform the following tasks:

e It shall transition to Reset.Chirp if logic ‘1’ is detected on eD-.
e [t shall transition to Reset. EOR when directed to end USB2.0 bus reset.

5.3.3.2 Reset.Chirp

Reset.Chirp is a substate where a high-speed device is connected, and the speed negotiation is
performed. There are multiple stages of operations within Reset.Chirp to complete the speed
negotiation, as shown in Figure 5-7. Section 5.5.4 shows the timing waveform of the reset chirp
sequence.

5.3.3.2.1 Reset.Chirp Requirements
The repeater shall meet the following conditions:

It shall enable its SE transmitter to transmit logic ‘1’ at eD-.

It shall enable its SE receiver at eD+/eD-.

It shall disable it high-speed transceivers and terminations at eD+/eD- during speed
negotiation.

o The UDSP shall meet the requirements defined by USB2.0. The operation of speed
negotiation shall meet the following conditions. The repeater shall perform the following
during device Chirp K detection, reception, and forwarding:

o Ifthe device Chirp K is received, it shall drive logic ‘1’ at eD-.

o If the device Chirp K is concluded, it shall drive logic ‘0’ at eD- for Tseq pr rsis before
switching to pull-down.

e Upon completion of device Chirp K forwarding, it shall disable its SE transmitter.

e The repeater shall perform the following to forward the K-J chirps from eDSP:

e It shall drive Chirp K at D+/D- if it has detected logic ‘1’ at eD-.

e It shall drive Chirp J at D+/D- ifit has detected logic ‘0’ at eD-.

¢ Note: The repeater may not observe host K-J chirp (for a FS capable only host). In
this event the repeater shall maintain SEO on both eD+/eD- and D+/D- and expect a
FS EOReset from eDSP. Refer to Section 5.5.10 for timing diagram of Bus Reset of
with FS Host and HS capable device.

The eDSPr shall meet the following conditions:

It shall enable its SE receiver on eD- for logic ‘1’ device chirp.
Once device chirp is concluded on eD-, and eDSPr is directed by its host controller, it
shall drive logic ‘1’ on eD- for host Chirp K and logic ‘0’ on eD- for host Chirp J.

¢ Note: Inthe event that the host controller is only FS capable, the eDSPr shall maintain
SEO on eD+/eD- expecting to end bus resetto FS as directed by its controller. Referto
Section 5.5.10 for Bus Reset of a FS Host timing diagram.

5.3.3.2.2 Exit from Reset.Chirp
The repeater shall perform the following:

e The repeater shall enter Reset.EOR upon completion of K-J Chirp forwarding and has
detected EOReset (logic ‘0’ at eD-, and logic ‘1’ at eD+).

¢ In the event where the Host does not perform chirp K-J (e.g. A FS/LS capable only or a
downgraded HS Host), the host repeater shall differentiate (implementation specific)
them through the reset sequences expecting a FS EOReset and enter Reset. EOR
accordingly.

e Refer to Section 5.5.8,5.5.9,5.5.10 and 5.5.11 for various link speeds bus reset timing
diagram.

The eDSPr shall perform the following:
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It shall enter Reset.EOR as directed on UTMI+ upon completing K-J Chirp.

Note: In the event that the host controller is only FS capable, the eDSPr shall maintain
SEO on eD+/eD- expecting a FS EOReset to end bus reset to FS as directed by its
controller. Referto Section5.5.10 for Bus Reset of a FS Host timing diagram.

5.3.33 Reset.EOR
Reset.EOR is a substate where the eUSB2 host port concludes USB2.0 bus reset.

5.3.3.3.1 Reset.EOR Requirement
The repeater shall meet the following conditions:

e For LS/FS operation, the repeater shall perform the eUSB2 EOReset to USB2.0
EOReset mapping like the conversion of LS/FS eUSB2 EOP to USB2.0 EOP. Refer to
Section 3.3.1 for details.

e For HS operation, the repeater shall meet the following conditions:

o Itshall drive SEO at UDSP upon detecting rising edge of eD+.
o It shall enable its HS transceivers and squelch detectors atits eUSPh and UDSP
upon detecting the falling edge of eD+.

The eDSPr shall meet the following conditions:
e For LS/FS operation, it shall perform the eUSB2 EOReset as described in Section 3.3.1.
e For HS operation, it shall meet the following conditions:
o It shall drive logic ‘1’ for Tstrose duration on eD+ indicating EOReset.
o It shall disable its transmitter and maintain SEO with its Rep upon completing
EOReset and enable its HS transceivers and squelch detectors at its eUSB port.

5.3.3.3.2 Exit from Reset.EOR
The repeater and the eDSPr shall enter LO upon completing the EOReset transmission.

Note: It shall determine and keep the established HS, FS, or LS link speed based on the Connect
and Reset handshake for subsequent LO HS or FS/LS data forwarding, line mapping, Lx entry,
and disconnect detection operations.
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534 LO

LO is a state where the repeater forwards packets betweeneUSB2 and USB2.0. LO contains
three substates as shown in Figure 5-8.

D+/D-
Unsquelched(HS),

5.3.4.1

eD+/eD- Data K, SEO (LS Keep-Alive
Squelched(HS), or FS/LS disconnect)
End of EOP detected received .
> »
LO.Tx (REP) LO.idle (NREP) P LO.Rx (REP)
<
eD+/eD- h D+/D-
Unsquelched(HS), ) Squelched(HS),
Data K, EOP (LS Keep-Alive) EOP to Idle-J detected
detected CM.LI/CM.L2 (FSILS) FSILS Disconnect

Or (Port Reset)
J After CM.FS (HS)

HS Disconnect Port Reset SORor
CM.Reset esume

Wake (>=8UI of K)

Figure 5-8: LO Substate Machine

LO.ldle

LO.Idle is a substate where the link is idle. The repeater transitions from this substate to
LO.Tx/L0.Rx based on the incoming signals from eUSPh and UDSP. Ifit's SE1, it remains in this
substate and determines ifit's SCM or ESE1. Ifit's non SE1, it implies an incoming packet,
resume or remote wake (in the FS/LS case where the repeater stays in L0, but the link is in Lx)
that needs to be forwarded.

5.3.4.1.1 LO.ldle Requirements

The repeater shall meet the following conditions:
e Its UDSP shall meet the condition defined by USB2.0.
e The eUSPh shall meet the following requirements:

@)
@)

It shall enable its SE receivers at eD+/eD-.
It shall enable its SE1 detector for CM.Reset, CM.L1, CM.L2, CM.FS, Port Reset, or
SOResume. Note: Scenario could exist where eDSPr may not transmit CM.Lx to the
repeater. Inthis event, the repeater would remain in LO.Idle while eDSPr is in Lx.
Other than a potential minor power impact, link shall remain operational and repeater
in LO shall be able to distinguish between an incoming eUSB2 packet, or USB2.0
packet and a resume or wake. Forwake, it may implement a timer to differentiate
wake event from data packet (maximum length of 8 Ul running K). And in the event
where a wake without host resume occurs in LO, the repeater shall transition to Lx
upon declaring the EOWake. Note that SOResume is a SE1 condition which the
repeater can identify without a timer.
If HS, it shall enable its squelch detectors on eUSPh and on UDSP.
Upon receiving CM.FS in high-speed operation, the repeater shall perform the
following:

o It shall switch to NREP mode.

o It shall reconfigure to FS termination.
If CM.Test is received, it shall enable it HS termination for HS Compliance Test.
Note: Exiting a Compliance Test condition may be a power cycle or Port Reset
depending on Implementation.
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The eDSPr shall meet the following conditions:

It shall enable its SE receivers at eD+/eD-.

It shall enable its SE1 detector in HS operation for Port Reset detection.

If HS, it shall enable its squelch detector.

If CM.Test is transmitted, it shall enable it HS termination for HS Compliance Test.

Implementation note:
Due to intra-pair skew defined as Tse1 skew in Table 7-16 between eD+ and eD-, a SE1, upon
reaching the eDSPr/eUSPh, may be distorted, as shown Figure 5-9.

eD+

eD-

(eD+)-(eD-)

Figure 5-9: SCM Distortion Observed by eUSB2 Repeater

This distortion may exhibit one of the following false conditions to the eUSB2 repeater:

1. If the rising edge of eD+ precedes the rising edge of eD-, it may initially present itself as
the first bit of SYNC in LS operation.

2. Iftherising edge of eD- precedes the rising edge of eD+, it may present itself as the first
bit of SYNC in FS operation, or a LS keep-alive in LS operation.

3. If either of the above two mentioned conditions occur during HS operation (LO.Idle), it
may present itself as a HS K or J that may lead to HS squelch detector exiting from
squelched condition.

It is highly recommended for an implementation to apply proper filtering mechanisms to avoid
unintended action to those false conditions. Some possible mechanisms include, but are not
limited to the following:

1. For FS/LS operation it shall adhere to USB2.0 FS/LS hub repeater timing, with the
exception of next transition jitter from eUSB2 to USB 2.0 and paired transition in both
directions. The jitter to next transition follows eUSB2 parameter Te_to_u_bJ1, instead of the
corresponding USB 2.0 parameter THpi1. THpJ1 still applies to USB 2.0 to eUSB2. The
jitter to paired transition follows eUSB2 parameter ToJz, instead of the corresponding
USB 2.0 parameter THDJ2.

2. For HS operation, reduce the squelch detector sensitivity to not respond to the short
pulse, and have the SE1 detector disable squelch detector upon declaring SE1 detection.

The eUSB2 channel construction shall meet the requirements defined in Table 7-6 (Electrical).
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5.3.4.1.2 Exit from LO.Idle
The repeater shall perform the following tasks:

e [t shall transition to LO.Tx if an un-squelched condition (HS) or idle J (LS/FS) to K (logic
‘1’ at eD- for FS or eD+ for LS) or EOP (LS Keep-Alive) transition is detected at eD+/eD-.
o [t shall transition to LO.Rx if an un-squelched condition (HS) or anidle Jto K or SEO (LS
Keep-Alive) transition is detected at D+/D-.
It shall transition to Lx if CM.L1/CM.L2/SOResume (Lx.Resume) is received at eD+/eD-.
It shall transition to FS (Note: this is a transitional state in which the HS link shall
eventually enter Lx when a J is detected at UDSP) if CM.FS is received for a HS link
operation.
It shall transition to Reset if CM.Reset is received at eD+/eD-.
It shall transition to Default if one of the following conditions is met:
o Port Reset is received.
o Adevice (in FS/LS operation) disconnect announcement (Port Reset) is received
from eDSPr upon detecting a USB2.0 device disconnect. Section 5.5.4 illustrates the
timing flow of detecting FS disconnect and reconnecting.

The eDSPr shall perform the following tasks:

It shall transition to LO.Tx if directed by its host to transmit data packet.
It shall transition to LO.Rx if an un-squelched condition (HS) or an idle J to K transition at
eD- (FS) or eD+ (LS) is detected.

¢ In FS/LS mode, it shall transition to Lx once completing CM.L1/CM.L2 toits repeater, if
directed by its host through UTMI+ interface to perform a Lx entry.

¢ In HS mode, it shall transition to FS (Note: this is a transitional state in which the HS link
shall eventually enter Lx if a pulse is detected within Ter_ns reser 10 Fs at eDSPr) once
completing CM.FS to its repeater, if directed by its host through UTMI+ interface to enter
FS mode. Note that the eUSB link between eDSPr and eUSPh shall not be fully
transition to FS until the peripheral transition to FS and Tsrroge is driven out from eUSPh
to eDSPr.

¢ It shall transition to Reset once completing CM.Reset if directed by its host through
UTMI+ interface to perform a bus reset.

o Ifin FS mode, it shall transition to Default and transmit Port Reset to eUSPh if a logic ‘1°
on eD+ (FS mapping as SEO on D+/D-) is received and qualified as device disconnect.

e Ifin LS mode, it shall transition to Default and transmit Port Reset to eUSPh if a logic ‘1’
on eD- (LS mapping as SEO on D+/D-) is received and qualified as device disconnect.

¢ If in HS mode, it shall transition to Default if a device disconnect announcement is
received. The eDSPr shall not respond with Port Reset to repeater’s device disconnect
announcement.

5.3.42 LO.Rx
LO.Rx is a substate where a USB packet is received and forwarded from the UDSP to the eUSPh.

5.3.4.2.1 LO.Rx Requirements
The repeater shall meet the following conditions:

e It shall operate at REP mode.

e In HS operation, it shall forward the USB packets upon detection of the un-squelched
condition at the UDSP. Note: The repeater can consume 4 SYNC bits on the exit from
Squelch. While forwarding USB packets from UDSP to eUSPh, the repeater may
transmit the 1% bit (within the 4 allowable SYNC bits that a repeater can consume) of the
SYNC pattern with random Ul duration and add EOP dribble up to 4 random (SEO or K or
J) bit duration.

e In FS/LS operation, it shall perform packet forwarding based on FS mapping described in
Section 3.3.1 upon detection of K (including Wake) or SEO (LS Keep-Alive or FS/LS
disconnect) condition at the UDSP.
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The eDSPr shall meet the following conditions:

e In HS operation, it shall receive differential data packets from eUSPh.

e In HS operation, it shall filter squelch for up to 4 Ul to ignore SEO from the repeater
during EOP dribble.

e In FS/LS operation, it shall receive SE data packets or SEO (LS Keep-Alive) from eUSPh.

5.3.4.2.2 Exit from LO.Rx
The repeater shall perform the following tasks:

e In HS operation, it shall transition to LO.Idle upon completion of the packet forwarding,
detecting a squelched condition at UDSP.

e In FS/LS operation shall transition to LO.ldle upon completing the packet forwarding,
including EOP, and detecting an idle J condition at UDSP. If forwarding SEO (LS Keep-
Alive), it will do so until it detects an idle J at UDSP.

¢ Note: Scenario could exist where eDSPr may not transmit CM.Lx to the repeater. In this
event, the eDSPris in Lx while the repeater would remain in LO.Idle. Other than a
potential minor power impact, link shall remain operational and repeater in LO.Rx shall be
able to distinguish between an incoming eUSB2 packet, or USB2 packet and wake, for
which it may implement a timer to differentiate wake event from data packet (maximum
length of 8 Ul running K) and transition to Lx (Lx.Wake).

e In FS/LS operation, it shall transition to Default if Port Reset (disconnect) is detected from
eDSPr.

The eDSPr shall perform the following tasks:

In HS operation, it shall transition to LO.ldle upon detecting a squelched condition.
In FS operation, it shall transition to LO.ldle upon detecting an EOP (at least 1 FS Ul of
logic ‘1’ at eD+ followed by a SEQ).

e In LS operation, it shall transition to LO.Idle upon detecting an EOP (at least 1 LS Ul of
logic ‘1’ at eD- followed by a SEO).

5.3.43 LO.Tx
LO.Tx is a substate where a USB packet is received and forwarded from the eUSPh to the UDSP.

5.3.4.3.1 LO.TxRequirements
The repeater shall meet the following conditions:

e It shall operate in REP mode.

e In FS operation, it shall forward packet based on FS mapping described in Section 3.3.1
upon detection of logic ‘1’ condition (idle J to K) at eD- from eDSPr.

e In LS operation, it shall forward packet based on LS mapping described in Section 3.3.1
upon detection of logic ‘1’ condition (idle J to K) at eD+ from eDSPr.

e Also, in LS operation, it shall forward LS Keep-Alive, whichis a LS EOP, on UDSP as
described in Section 3.3.1.

e In HS operation, it shall forward the USB packets upon detection of the un-squelched
condition at the eUSPh. Note: The repeater can consume 4 SYNC bits on the exit from
Squelch. While forwarding USB packets from eUSPh to UDSP, the repeater may
transmit the 1% bit (within the 4 allowable SYNC bits that a repeater can consume) of the
SYNC pattern with random Ul duration and add EOP dribble up to 4 random (K or J) bit
duration.

e In HS operation, it shall enable its high-speed disconnect detector at UDSP and shall
adhere to Toisc_pwy in @announcing HS disconnect to its associated eDSPr. Refer to
Section 5.5.7 that describes the timing flow of host repeater and its associated eDSPr
detecting device disconnect in HS link.

Implementation note:
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High-speed disconnect detect in LO is performed by a downstream port during EOP of uSOF. It is
the responsibility of the repeater to identify the EOP of an uSOF. A repeater may implement a
digital filter based on its local clock to detect the EOP of an uSOF, and subsequently control the
operation of the high-speed disconnect detector. A repeater may sample the disconnect detector
output upon detection of the squelched condition at eUSPh.

The eDSPr shall meet the following conditions:

In HS operation, it shall transmit differential data packets to eUSPh.
In FS operation, it shall transmit SE data packets to eUSPh on eD- follow by an EOP as
described in Section 3.3.1 on eD+.

e In LS operation, it shall be transmitting SE data packets to eUSPh on eD+ follow by an
EOP as described in Section 3.3.1 on eD-.

5.3.4.3.2 Exit from LO.Tx
The repeater shall perform the following tasks:
e The repeater shall transition to LO.Idle if the following conditions are met:
o It has completed the transmission of the USB packet at its UDSP.
o It has detected squelched condition at its eUSPh, if it is in HS operation.
o It has detected EOP as described in Section 3.3.1 on eD+ at its eUSPh, ifit is in
FS operation.
o It has detected EOP as described in Section 3.3.1 on eD- at its eUSPh, ifitis in
LS operation.
e In HS operation, it shall transition to Default if a device disconnect announcement is sent
to the eDSPr upon detecting USB2.0 device disconnect.

The eDSPr shall perform the following tasks:

¢ [t shall transition to LO.Idle if it has completed the transmission of the USB packet.

e In HS operation, it shall declare device disconnect as defined by Thspisc_se1 and transition
to Default if a device disconnect announcement is received from the eUSPh. Note that
eDSPr is not recommended to transmit Port Reset after receiving eUSPh device
disconnect announcemert.
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5.3.5 Lx

Lx is a state where the repeater is in power saving mode, depending on whether it was entered
due to receiving CM.Lx or CM.FS or detecting remote wake on UDSP that was not resumed. Only
CM.Lx receipt would necessarily put it into a power saving mode. The repeater power
management may be different between L1 and L2 depending on implementation. Section 5.5.12,
5.5.13 shows the timing sequence of the FS L1 and L2 entry, while Section 5.5.18 shows the L2
entry of a HS link. Additionally, Section 5.5.20, 5.5.21, and 5.5.22 illustrate device disconnect
detection during Lx entry. The Lx substate machine is shown in Figure 5-10.
e The repeater shall be in NREP mode. Note: As described in Section 5.3.4.1.2 where the
repeater in LS/FS operation may stay in LO (although the link is in Lx), which isin REP
mode.

Default Default
Disconnect Disconnect

Lx.Wake(NREP) 0
\
A |

\
\
Device attach

(Lxdetach) _‘upsp Host Resume
\

. |

\

Remote Wake Wake Completion  \y5ke Completion

detected without Resume

Completion

Lx.Idle (NREP) |——Fesume___ g1 )y Resume (NREP)

/ ateUSPh
CM.Reset |
Disconnect

Figure 5-10: Lx Substate Machine

5.3.51 Lx.ldle
Lx.ldle is a substate where the repeater is in logical low power idle state.

5.3.5.1.1 Lx.Idle Requirements
The repeater shall meet the following conditions:
e It shall enable its SE receivers at eD+/eD- in expectation of SE1.
¢ It shall disable its high-speed transceivers.
The UDSP shall meet the requirements defined by USB2.0.

The eDSPr shall meet the following conditions:

o It shall enable its SE receivers at eD+/eD- in expectation of remote-wake or device
disconnect. Note: Scenario could exist where eDSPr may not transmit CM.Lx to the
repeater. Inthis event, the eDSPris in Lx while the repeater would remain in LO.Idle.
Other than a potential minor power impact, link shall remain operational and repeater in
LO shall be able to distinguish between an incoming eUSB2 packet, or USB2 packet and
aresume or wake, for which it may implement a timer to differentiate resume/wake event
from data packet (maximum length of 8 Ul running K).

e It shall disable its high-speed transceivers.
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5.3.5.1.2 Exit from Lx.ldle
The repeater shall perform the following tasks:

It shall transition to Lx.Resume if it has detected resume at eUSPh.

It shall enter Lx.Wake if it has detected remote wake at UDSP.

It shall transition to Reset if it has received CM.Reset.

Note: In the unlikely event where both Reset and Wake occur concurrently a link
error condition may occur. eDSPr may issue Port Reset as an attempt to recover
from the error condition.

It shall transition to Default if a device disconnect announcement (Port Reset) is
detected. Note that the eDSPr declares USB2.0 device disconnect based on repeater
mapping linestate from UDSP to eUSPh.

The eDSPr shall perform the following tasks:

It shall transition to Lx.Resume if directed by it host on the UTMI+ to perform resume.
It shall enter Lx.Wake if it has detected remote wake from the eUSPh.

It shall transition to CM.Reset if directed by it host on the UTMI+ to perform bus
reset.

In FS Lx, it shall transmit Port Reset and transition to Default if a logic ‘1’ is detected
on eD+ and qualified as a device disconnect. Note that the eDSPr declares USB2.0
device disconnect based on repeater mapping linestate from UDSP to eUSPh.

In LS Lx, it shall transmit Port Reset and transition to Default if a logic ‘1’ is detected
on eD- and qualified as a device disconnect. Note that the eDSPr declares USB2.0
device disconnect based on repeater mapping linestate from UDSP to eUSPh.

Note: Although implementation specific, given the likely window where role swap occurs
during Lx, eDSPr shall transmit Port Reset and transition to Default in the event of role
swapping where the UTMI+ interface changed from host to peripheral mode. This is then
followed by a Repeater Configuration to reconfigure the repeater to peripheral mode
operation.

5.3.52 Lx.Resume

Lx.Resume is a substate where the host starts exiting from L1 or L2. Sections 5.5.12 and 5.5.13
show the timing sequence of the FS resume from L1 and L2, while Section 5.5.17 shows the
resume to back to HS.

5.3.5.2.1 Lx.Resume Requirements
The repeater shall meet the following conditions:

e It shall monitor the eUSBh resume until its completion.
e It drives the resume signal at its UDSP defined by USB2.0 while the eUSB2 resume

signal is asserted.
e Itshall end resume at its UDSP upon detecting EOResume at its eUSPh. Refer to
Section 3.3.5 for EOP transmission.

The eDSPr shall meet the following conditions:

e In FS/LS Lx, it shall drive resume as defined in Section 3.3.5.1.2 to its eUSPh when
directed by its controller.

5.3.5.2.2 Exit from Lx.Resume
The repeater shall perform the following tasks:

e It shall enter LO.ldle upon detecting EOResume from its eDSPr and complete resume
signaling on UDSP.

The eDSPr shall perform the following tasks:
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e Resumingto FS/LS, it shall transition to LO.Idle upon completing EOResume as
defined in Section 3.3.5.1.2 to its repeater.

e Resumingto HS, it shall transition to LO.Idle upon completing EOResume as defined
in Section 3.3.5.2.2 to its repeater.

5.3.5.3 Lx.Wake

Lx.Wake is a substate where a USB2.0 device initiates remote wake to resume the USB2.0
operation. Section 5.5.12 and 5.5.18 shows the timing waveform of L2 wake to FS and HS
respectively. Additionally, Section 5.5.16 and 5.5.19 provides timing sequences of a FS and HS
wake from L2 without the host resume being triggered.

5.3.53.1 Lx.Wake Requirements
The repeater shall meet the following conditions:

¢ [t shall follow the eUSB2 remote wake protocol as shown in Sections 5.5.12 and 5.5.18.
o The UDSP shall perform the remote wake from L2 as defined by USB2.0. The repeater
shall do the following:
o Upon detecting remote wake at its UDSP, it shall drive remote wake at its
eUSPh. Note: Delay in repeater forwarding remote wake shall meet related
USB2.0 hub timing parameters.
o It shall drive the resume signal at its UDSP upon detecting the start of host
resume at eUSPh until its conclusion.
o It shall conclude the eUSB2 remote wake signal upon detection of eUSB2
resume signal.
e The UDSP shall perform the remote wake from L1 as defined by USB2.0 Link Power
Management Addendum. The repeater shall do the following:
o Upon detecting remote wake at its UDSP, the repeater shall drive the eUSB2
remote wake at its eUSPh.
o The repeater shall drive the resume signal at its UDSP upon detecting the start of
host resume at eUSPh until its conclusion.
o The repeater shall conclude the eUSB2 remote wake signal upon detection of
eUSB2 resume signal.

The eDSPr shall meet the following conditions:

o |t shall reflect remote wake received at eD+/eD- to its UTMI+ interface.
¢ It shall drive resume signal as defined in Section 3.3.5 when directed by its host through
the UTMI+ interface.

5.3.5.3.2 Exit from Lx.Wake
The repeater shall perform the following tasks:

e |t shall enter Lx.Resume upon detecting SOResume at its eUSPh. Note: A
successful remote wake shall follow with resume. The repeater shall transition to Lx
if resume K is not detected.

¢ In anunlikely error event that no host resume is observed, it shall stop driving logic
‘1’ on eD- and conclude wake with logic ‘0’ on eD- for Tseo pr Lsrs.

e It shall transition to Default if Port Reset is received on eUSPh.

o The repeater shall transmit logic ‘1’ on eD+ for FS or eD- for LS if SEQ is
presented on UDSP in the event of a device disconnect during wake (UDSP
transitions from K to SEQ), which results in Port Reset from eDSPr.

The eDSPr shall perform the following tasks:

e Resumingto FS/LS, it shall transition to Lx.Resume as directed as defined in Section
3.3.5.1.2. Note: A successful remote wake shall follow with resume.
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e Resumingto HS, it shall transition to LO.Idle upon completing EOResume as defined
in Section 3.3.5.2.2. Note: A successful remote wake shall follow with resume.

¢ It shall transition to Default and transmit Port Reset upon detecting a device
disconnect during wake (i.e. a logic ‘1’ on eD+ for FS Lx indicating a SEO condition at
UDSP).

54 Peripheral Repeater Operation

This section describes basic operations of an eUSB2 peripheral repeater associated with an
eUSPr. The state machine of an eUSB2 repeater in peripheral mode is like host mode but with
different transition conditions. The peripheral mode repeater state machine is shown in Figure
5-11.

Note: eUSPrimplementation may not have the exact states or state transitions as the repeater.
Below diagrams and description sene as an informative guide to eUSPr implementation.

Port Reset Announcement

Repeater
Configuration
(Peripheral)

Connected

Bus Reset

Reset
Completed

Bus Reset

Bus Reset

CM.LX/CM.FS _
- Resume at D+/D- or
RemoteWake at eD+/eD-

Figure 5-11: Peripheral Mode eUSB2 State Machine
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54.1 Connect

Connect is a state where a peripheral repeater is ready for device connect directed by its eUSPr.
Section 5.5.2 illustrates a peripheral repeater link initiating a FS connection upon POR.

Section 5.5.4 show a peripheral repeater connecting to a host and establishing a HS link upon
POR.

Connect contains two substates shown in Figure 5-12.

Peripheral Mode

Connect.Announce
(NREP)

eUSPr connected

Connect.Acknowledgement
(NREP)

UUSP SEO detected

Host
Reset

Figure 5-12: Connect Substate Machine

5.4.1.1 Connect.Announce
Connect.Announce is a substate where the eDSPp is expecting device connect from eUSPr.
5.4.1.1.1 Connect.Announce Requirements
The repeater shall meet the following conditions:
o The eDSPp of the peripheral repeater shall meet the following conditions:
o It shall enable its Rpp to maintain SEO at eUSB2 bus.
o It shall enable its SE receivers.
e The UUSP of the peripheral repeater shall have its transceivers disabled.
¢ The repeater should be in the lowest power state monitoring for eUSPr connect.

The eUSPr shall meet the following conditions:
¢ It shall enable its Rep at both eD+ and eD-.
¢ It shall, when directed by its device controller, drive logic ‘1’ at eD+ to instruct its repeater
to pull-up at D+.
¢ It shall, when directed by its device controller, drive logic ‘1’ at eD- to instruct its repeater
to pull-up at D-.

5.4.1.1.2 Exit from Connect.Announce
The repeater shall transition to Connect.Acknwledge if one of the following conditions is met:

e It has enabled FS transceiver at UUSP and pull-up at D+ upon detecting logic ‘1’ at eD+
for FS/HS operation.

¢ It has enabled LS transceiver at UUSP and pull-up at D- upon detecting logic ‘1’ at eD-
for LS operation.
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5.4.1.2 Connect.Acknowledge
Connect.Acknowledge is a substate where the repeater is relaying device connect from its
eDSPpto UUSP, and acknowledging the connect completion to eUSPr.
5.4.1.2.1 Connect.Acknowledge Requirements
The repeater shall meet the following conditions:

¢ It shall acknowledge the connect completion to eUSPr by performing the following.

o It shall drive logic ‘1’ at eD-, upon completing the FS transceiver
configuration at UUSP with D+ pull-up and after having observed logic ‘1" at
D+ that is a result of the pull-up.

o Itshall drive logic ‘1’ at eD+, upon completing the LS transceiver
configuration at UUSP with D- pull-up and after having observed logic ‘1’ at
D- that is a result of the pull-up.

¢ It shall complete the connect acknowledgement to eUSPr by performing the
following.

o It shall drive and maintain logic ‘0’ at eD-, upon detecting logic ‘0’ at eD+
indicating eUSPr concluding the connect announcement. Note that the
repeater shall maintain the FS transceiver configuration at UUSP with D+
pull-up throughout this substate.

o It shall drive and maintain logic ‘0’ at eD+, upon detecting logic ‘0’ at eD-
indicating eUSPr concluding the connect announcement. Note that the
repeater shall maintain the LS transceiver configuration at UUSP with D- pull-
up throughout this substate.

The eUSPr shall meet the following conditions:

¢ It shall conclude the connect announcement by performing the following.
o It shall drive logic ‘0" at eD+ if it has detected the connect acknowledgment at eD-
from the repeater and disable its SE transmitter.
o It shall drive logic ‘0’ at eD- if it has detected the connect acknowledgment at eD+
from the repeater and disable its SE transmitter.
¢ It shall monitor the conclusion of the connect acknowledgement from the repeater.

5.4.1.2.2 Exit from Connect.Acknowiedge
The repeater shall transition to Host Reset upon completing the connect acknowledgement. Refer
to Section 5.5.2 timing diagram for details of the operation.

The eUSPr shall transition to Host Reset upon concluding the connect announcement. Refer to
Section 5.5.2 timing diagram for details of the operation.

Note: Repeater’s Linestate mapping is applicable only after establishing a connection (exiting
Connect.Acknowledge and entering Host Reset).
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5.4.2 Host Reset

In the Host Reset state, the repeater monitors its UUSP for SEO indicating USB2.0 bus reset.
Sections 5.5.2, 5.5.3 and 5.5.4 describe the resetflow in a LS, FS and HS new connection
respectively.

Note: The peripheral repeater is not required to perform debounce or de-glitching of the USB2.0
lines in any of its states.

5.4.2.1 Host Reset Requirements
The repeater shall meet the following conditions:

o [t shall monitor its linestate at UUSP and eDSPp. Note that the repeater shall not sample
D+/D- until D+ (FS/HS) or D- (LS) is pulled-up.

It shall perform the linestate mapping based on LF/FS operation as defined in
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e Table 3-1. Referto Section 5.5.8 for FS link reset timing diagram.

The eUSPr shall meet the following conditions:
It shall perform the linestate mapping based on LF/FS operation as defined in
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Table 3-1.

5.4.2.2 Exitfrom Host Reset
The repeater shall transition to Reset upon SEO detection at UUSP.

The eUSPr transition to Reset upon detecting a logic ‘1’ at eD+/eD- (for FS/LS respectively) or
SEO at eD+/eD- for HS (not obsening a pulse/acknowledge on eD+).
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5.4.3 Reset

Reset is a state where host port performs the USB2.0 bus reset and speed detection. Reset
contains multiple substates as shown in Figure 5-13.

SEO Reset detected on UUSP

Device Chirp detected

Reset.SEO (NREP) | - ——____ Ny o ___ ;

Device ChirpateusB2 /  ——————-— T——————-
detected Device Cr:'nirp ended

_______ y o,

| I

No device chirp received ) ' Reset.HostChirp (NREP) |
Reset.Chirp (NREP) : I

_______ g

End of reset
v

End of speed negotiation

Y

Reset.EOR (NREP) v
End of reset

End of Reset

Figure 5-13: Reset Substate Machine

5.4.31 Reset.SEO
Reset.SEQ is a substate where the repeater performs a USB2.0 bus reset and prepares for speed
negotiation.

5.4.3.1.1 Reset.SEO Requirements
The eDSPp of the repeater shall meet the following conditions:

o Itshall keepits Rep at eD+/eD-.

o It shall enable its SE receivers.

o If entry to Reset is from HS LO idle, and the linestate at UUSP remains SEO after the
repeater has configured its transceiver to FS at UUSP, It shall maintain SEO (not
pulse/acknowledge on eD+) at eD+/eD- with Rep, in preparation for Reset.Chirp or
Reset.EOR (in the event that a previously established HS link decided to downgrade in
which either device chirp or host K-J chirp is not transmitted, the eDSPp shall transmit
EOReset upon obsening a SEO to J transition on UUSP.). Referto Section 5.5.8,5.5.9,
5.5.10 and 5.5.11 for details timing diagram.

o If entry to Reset is from FS/LS Connect, LO or Lx, it shall continue the linestate mapping
from UUSP to eDSPp based on LS/FS linestate mapping defined in
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e Table 3-1. Note that a repeater may not receive CM.FS or CM.L2 from eUSPr even when
the link is in L1 or L2. Under this situation, a repeater will remain in LO. It may implement

atimer to differentiate and track the USB2 bus reset SEO from data packet SEQ to stay
in-sync with eUSPr. Refer to Section 5.5.8 for Bus Reset during FS Link.

The eUSPr shall meet the following conditions:
In a FS/LS link, it shall perform the linestate mapping based on LF/FS operation as defined in
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e Table 3-1.

¢ In an established HS link, it shall expect SEO (hot obsening a pulse/acknowledge on
eD+) for Ter Hs reset 1o s indicating USB2.0 bus reset (Note: eDSPp shall transmit a
pulse/acknowledge on eD+ within Ter_ns reser o Fs for a Lx entry). Refer to Section
5.5.9 for timing diagram.

5.4.3.1.2 Exit from Reset.SEOQ
The repeater shall perform the following tasks:

¢ It shall transition to Reset.Chirp if device chirp is detected atits eDSPp.
e It shall transition to Reset.EOR if it has detected data J at its UUSP.

The eUSPr shall perform the following tasks:
e It shall transition to Reset.Chirp and transmit a logic ‘1’ on eD- when directed to start HS

negotiation.

o It shall transition to Reset.EOR if it has detected a logic ‘1’ on eD+ as EOResetfora FS
link.

o It shall transition to Reset. EOR ifit has detected a logic ‘1’ on eD- as EOReset for a LS
link.

5.4.3.2 Reset.Chirp

Reset.Chirp is a substate where a high-speed eUSB2 device is connected, and the speed
negotiation is performed. Section 5.5.4 shows the timing waveform of the reset chirp sequence.
There are multiple stages of operation within Reset.Chirp to complete the speed negotiation, as
shown in Figure 5-13.

5.4.3.2.1 Reset.Chirp Requirements
The repeater shall meet the following conditions:

e The eDSPp of the repeater shall be ready for speed negotiation by having its SE
receivers enabled.
e The USB2.0 port shall enable its HS transceiver to forward device chirp K and host K-J
chirp acknowledgment.
o It shall stop transmitting logic ‘1’ on eD+ to conclude SEQ linestate mapping from UUSP
to eDSPp upon detecting device chirp at eD-.
e It shall forward the eUSB2 device chirp based on the following:
o ltshall drive a chirp K at UUSP if eD- is logic ‘1°.
o It shall conclude chirp K at UUSP if eD- is logic ‘0.
e It shall perform the following to forward the K-J chirps from the host:
o It shall drive logic ‘1" at eD- if it has detected a Chirp K at D+/D-.
o It shall drive logic ‘0’ at eD- if it has detected a Chirp J at D+/D-.

¢ In the event where the device started HS negotiation, but Host does not perform chimp
K-J (e.g. a FS capable only or downgraded HS Host), the peripheral repeater shall
differentiate (implementation specific) them through the reset sequences and enter
Reset.EOR accordingly. Referto Section 5.5.10 for Bus Reset of a FS Host timing
diagram.

e It shall enable its HS receiver termination at UUSP if it has detected a pulse ateD+.
Note that this is a pulse sent by an eUSPr to inform the peripheral repeater to turn on
its HS device termination at UUSP.

e If SEO (Note: This shall be the first SEO condition after Host Chirp K-J; The repeater
shall distinguish this Reset. EOR with the SEO in between Device and Host Chirp) is
detected at D+/D-, it shall conclude speed negotiation by performing Reset. EOR as
described in Section 3.3.4.

e Upon completion of high-speed negotiation, the repeater shall be ready for HS
operation.
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The eUSPr shall meet the following conditions:

e It shall transmit logic ‘1’ on eD- as directed by its device controller for device chirp.

e It shall return the eUSB line to SEO by driving logic ‘0’ at eD- for Tseo br_Lsrs before
disabling its TX(SEO maintains by Rep) upon completion of device chirp.

e It shall map logic ‘1’ and logic ‘0’ toggling lineate D- as the host K-J chirp respectively and
reflect these to its UTMI+ interface to the device controller. Note: The eUSPr may
observe continuous SEO if the host doesn't transmit chirp. Refer to Section5.5.10 for
Bus Reset of a FS Host timing diagram.

¢ In the event where the device started HS negotiation, but Host does not perform chirp K-J
(e.g. aFS capable only or downgraded HS Host), it shall transition to Reset. EOR upon
detecting a logic ‘1’ at eD+ as EOReset. Referto Section 5.5.10 for Bus Resetofa FS
Host timing diagram.

e It shall pulse eD+ as directed by its device controller to instruct the repeater to enable HS
termination. Refer to Section 5.5.4 for timing diagram.

5.4.3.2.2 Exit from Reset.Chirp
The repeater shall perform the following tasks:

e |t shall transition to Reset.EOR if SEO is detected at UUSP.

The eUSPr shall perform the following tasks:
o It shall transition to Reset.EORif a logic ‘1’ is observed at eD+ as EOReset for HS.

5.4.3.3 Reset.EOR
Reset.EOR is a substate where the USB2.0 bus reset is concluded. Reset.EOR does not contain
any substate.

5.4.3.3.1 Reset.EOR Requirement
The repeater shall meet the following conditions:
e The repeater in LS/FS operation shall stop transmitting logic ‘1’ at eD-/eD+ to end reset.
o Ifit's HS operation, the repeater shall meet the following conditions:
o It shall drive logic ‘1’ at eD+ for Tstrose to conclude speed negotiation and USB2.0
bus reset, upon SEO detectionat UUSP.
o It shall enable its HS transceivers and squelch detectors at its eUSPh and UDSP
upon detecting the falling edge of eD+.
o Inthe event where the device started HS negotiation, but Host does not perform chip
K-J (e.g. a FS capable only or downgraded HS Host) in which the link return to an
idle J condition at UUSP, the peripheral repeater shall differentiate (implementation
specific) them through the reset sequences and transmit FS Reset.EOR for Tstrose
accordingly. Referto Section 5.5.10 for Bus Reset of a FS Host timing diagram.
e It shall enter LO upon completion of EOReset transmission.

The eUSPr shall meet the following conditions:

e It shall reflect a logic ‘1’ on eD+ to the UTMI+ as an EOReset and LO entry for FS and
HS.
o It shall reflect alogic ‘1’ on eD- to the UTMI+ as an EOReset and LO entry for LS.

5.4.3.3.2 EXxit from Reset.EOR

e The repeater and eUSPr shall transition to LO upon completion of the EOReset
transmission at eUSB2 port.
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Note: The repeater shall determine and keep the established HS, FS, or LS link state based on
the Connect and Reset handshake for subsequent LO HS or FS/LS data forwarding, linestate
mapping, and Lx entry.

544 LO

LO is a state where the repeater is forwarding the USB packets between eDSPp and UUSP. Note
that in peripheral mode, LO.Tx refers to packets forwarding from UUSP to eDSPp, and LO.Rx
refers to packets forwarding from eDSPp to UUSP.

LO contains three substates as shown in Error! Reference source not found..

D+/D-
Unsquelched (HS),

eD+/eD- Data K, SEO (LS Keep-Alive)

Squelched (HS),

End of EOP detected | received
» »
LO.Rx (REP) LO.idle (NREP) LO.Tx (REP)
h eD+/eD- h D+/D-
Unsquelched (HS), Squelched (HS),
Data K detected EOP to Idle-J detected
CM.L1/CM.L2 (FSILS)
or SEO (FS) Resume (>=8UlI of K)
J After CM.FS (HS) Or

Device Disconnect
announcement
Or
USP portreset
announcement

Figure 5-14: LO Substate Machine

SEO > LS Keep-Alive (LS)

5.4.41 LO.ldle

LO.ldle is a substate where the link is idle. The repeater transitions from this substate to
LO.Tx/LO.Rx based on the incoming signals from eUSB2 bus and USB2.0 bus. Ifit's SCM, it
remains in this substate. Ifit's non SCM, it implies an incoming packet, resume or remote wake
(inthe FS/LS case where the repeater stays in L0, but the link is in Lx) that needs to be
forwarded.

A repeater is in peripheral mode will only receive SCM from an eUSB2 peripheral device to return
to FS termination from HS for Lx entry.

5.4.4.1.1 LO.ldle Requirements
The repeater shall perform the following tasks:

e The UUSP shall meet the requirements defined by USB2.0.
e The eDSPp of the repeater shall meet the following requirements:

o It shall enable its SEO receivers at eD+/eD-.

o It shall enable its SE1 detector for Port Reset or SOWake.

o IfHS, it shall enable its squelch detector on both sides.

¢ Uponreceiving CM.FS in high-speed operation, the repeater shall perform the following:

o It shall switch to NREP mode.

o It shall reconfigure to FS termination.

o ltshall start a Ter _ns reser 1o s timer to differentiate L2 or host reset entry by
monitoring the linestate at D+/D-. Referto Section 5.5.9 and 5.5.17 for timing
diagram.

¢ In LS/FS operation, it shall distinguish between Resume and an incoming packet at
UUSP. Note that due to different controller behavior, the repeater may or may not receive
CM.FS and CM.L2 from eUSPr, and thus situations exists where the host and device
may have entered L1 or L2 and the repeater remains in LO idle. Under this situation, the
repeater shall implement a timer to differentiate between host Resume and a LS/FS
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packet while forwarding the signal. Also, the repeater in LS/FS operation shall detect
SOWake from eUSPr without a timer. And in the event where a wake without host
resume occurs in L0, the repeater shall transition to Lx upon detection of EOWake.

The eUSPr shall meet the following conditions:

e [t shall enable its SEO receivers at eD+/eD-.
e |t shall enable its SE1 detector for soft disconnect.

e IfHS, it shall enable its squelch detector on both sides.

5.4.4.1.2 Exit from LO.ldle
The repeater shall perform the following tasks:

e It shall transition to LO.Rx if one of the following conditions is met:
o A high-speed un-squelched condition is detected at eDSPp.
o ALS/FS dataK is detected at eDSPp.
e It shall transition to LO.Tx if one of the following conditions is met:
o A high-speed un-squelched condition is detected at UUSP.
o ALS/FS dataK (including host Resume) or SEO (LS Keep-Alive) is detected
at UUSP.
e It shall transition to Lx if the following condition is met:
o In anestablished HS link upon receiing CM.FS and having completed the
following actions:
= It has removed HS termination, switched to FS (Note that thisis a
transitional state and repeater shall maintain HS mapping) and
obsenrved idle J within Ter_ns reseT 1o Fs at its UUSP.
= |t has transmitted a pulse of Tstroee after idle J at its UUSP.
o In anestablished FS/LS link upon meeting any one of the following
conditions:
= |t has received CM.L1/CM.L2 at eDSPp.
= |t has detected SOWake (transition to Lx.Wake) at eDSPp.

e In HS operation, it shall transition to Reset if CM.FS is received and SEO at UUSP
remains unchanged for Ter_1s reser_To Fs OF @ Device Chirp K is detected at the
eDSPp after switching to FS. Refer to Section 5.4.3 for details.

e In FS operation, it shall transition to Reset if it has detected SEO at UUSP. Note:
During a mechanical connect event where UUSP may experience toggling, repeater
may be transitioning between Reset and LO.Idle.

e In LS operation, it shall transition to LO.Tx if it has detected SEO (LS Keep-Alive or
Reset) at UUSP.

The eUSPr shall perform the following tasks:

o The eUSPr shall transition to LO.Tx if directed by its device controller to transmit data
packet.

e The eUSPr shall transition to LO.Rx un-squelched (HS) or logic ‘1’ on eD-/eD+ (FS/LS)
condition is detected.

e The eUSPrin FS/LS mode, shall transition to L1/L2 once completing CM.Lx toits
repeater, if directed by its controller through UTMI+ interface to perform a Lx entry.

e The eUSPrin HS mode, shall transitionto FS after completing CM.FS toits repeater and
having received a pulse as an indication of idle J at its repeater's UUSP, if directed by its
controller through UTMI+ interface to enter FS mode.

e The eUSPrin HS mode, shall transitionto Reset once completing CM.FS to its repeater
and having not received Tstrose Wide pulse indicating an idle J condition at its repeater’s
UUSP, if directed by its controller through UTMI+ interface to enter FS mode.
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5.4.42 LO.Tx
LO.Tx is a substate where a USB2.0 packet is received from UUSP and forwarded directly to the

eDSPp.

5.4.4.2.1 LO.TxRequirements
The repeater shall meet the following conditions:

It shall operate at REP mode.

It shall forward the USB2.0 packets upon detection of a high-speed un-squelch
condition or a LS/FS data K (including host Resume) or SEO (LS Keep-Alive) at
UUSP. Note: The repeater can consume 4 SYNC bits on the exit from Squelch.
While forwarding USB packets from UUSP to eDSPp, the repeater may transmit the
1% bit (within the 4 allowable SYNC bits that a repeater can consume) of the SYNC
pattern with random Ul duration and add EOP dribble up to 4 random (SEO or K or J)
bit duration.

The eUSPr (in Rx) shall meet the following conditions:

¢ In HS operation, it shall be receiving differential data packets from eDSPp.

e In HS operation, it shall filter squelch for up to 4 Ul to ignore SEO from the repeater
during EOP dribble.

e In FS/LS operation, it shall be receiving SE data packets from eDSPp.

5.4.4.2.2 Exit from LO.Tx
The repeater shall perform the following tasks:

e It shall transition to LO.ldle upon detection of a squelch condition or detection of SEO
for EOP followed by idle J at UUSP and the USB2.0 packet forwarding at eDSPp is

completed.

It shall transition to Reset if SEOQ exceeded duration for LS Keep-Alive or link is FS.

It shall transition to Lx (Lx.Resume) if host Resume is detected. Note: Scenario
could exist where eUSPr may not transmit CM.Lx to the repeater. Inthis event, the
eUSPris in Lx while the repeater would remain in LO.Idle. Other than a potential
minor power impact, link shall remain operational and repeater in LO.Tx shall be able
to distinguish between an incoming eUSB2 packet, or USB2 packet and resume, for
which it may implement a timer to differentiate resume event from data packet
(maximum length of 8 Ul running K) and transition to Lx (Lx.Resume).

The eUSPr (in Rx) shall perform the following tasks:

e In HS operation, it shall transition to LO.Idle upon detecting a squelched condition at
eUSP.

e In FS operation, it shall transition to LO.Idle upon detecting an EOP (logic ‘1’ on eD+)
condition at eUSP with duration required by USB 2.0 to declare EOP and not SEO during
Cross-over.

e In LS operation, it shall transition to LO.Idle upon detecting an EOP (logic ‘1’ on eD-)
condition at eUSP with duration required by USB 2.0 to declare EOP and not SEO during
Cross-over.

5.4.43 LO.Rx
LO.Rx is a substate where a USB2.0 packet s received from eDSPp and forwarded directly to
UUSP.

5.4.4.3.1 LO.RxRequirements
The repeater shall meet the following conditions:

e It shall operate at REP mode.
o It shall forward the USB2.0 packets upon detection of a high-speed un-squelch condition
or aLS/FS data K at eDSPp. Note: The repeater can consume 4 SYNC bits on the exit
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from Squelch. While forwarding USB packets from eDSPp to UUSP, the repeater may
transmit the 1% bit (within the 4 allowable SYNC bits that a repeater can consume) of the
SYNC pattern with random Ul duration and add EOP dribble up to 4 random (K or J) bit
duration.

The eUSPr (in Tx) shall meet the following conditions:

In HS operation, it shall be transmitting differential data packets to eDSPp.
In FS operation, it shall be transmitting SE data packets to eDSPp on eD- followed by an
EOP as described in Section 3.3.1 on eD+.

e In LS operation, it shall be transmitting SE data packets to eDSPp on eD+ followed by an
EOP as described in Section 3.3.1 on eD-.

5.4.4.3.2 Exit from LO.Rx
The repeater shall perform the following tasks:

¢ The repeater shall transition to LO.Idle if the following conditions are met:
o It has completed the transmission of USB2.0 packet at D+/D-.
o It has detected a squelched condition or EOP at eD+/eD-.

The eUSPr (in Tx) shall perform the following tasks:

o The eUSPr shall transition to LO.Idle if it has completed the transmission of the USB
packet at its eUSB2 interface.

545 Lx

Lx is a state where the repeater is in power saving mode. The repeater power management
maybe different between L1 and L2, but there is no difference with respect to the operation and
mechanism of repeater state transition. Section 5.5.12, 5.5.13 shows the timing sequence of the
FS L1 and L2 entry, while Section 5.5.17 shows the L2 entry of a HS link. Lx substate machine is
shown in Figure 5-15.

e The repeater shall be in NREP mode.

Lx.Wake(NREP)
\
\

\ .
eUSPr connected  \wake Wake Completion  \ake Completion
(Lx-detich) ateDSPp without

Resume

Host Resume completed
N 4
\
\
seo—  LxIdie (NREP) |—Fesime_yf |y R NREP
x.ldle ( ) ALUUSP x.Resume ( )
Device Disconnect
announcement
Or
USP portreset

announcement

Figure 5-15: Lx Substate Machine

5.451 Lx.Idle
Lx.ldle is a substate where the repeater is in low power idle state.
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5.4.5.1.1 Lx.Idle Requirements

The repeater shall meet the following requirements:

It shall maintain SEO at eDSPp by enabling its Rep at eD+/eD-.

It shall enable its SE receivers at eDSPp.

It shall disable its high-speed transceivers.

The USB2.0 port of the repeater shall meet the requirements defined by USB2.0.

The eUSPr shall meet the following conditions:

e It shall enable its SE receivers at eD+/eD- in expectation of resume. Note: Scenario
could exist where eUSPr may not transmit CM.Lx to the repeater. In this event, the
eUSPris in Lx while the repeater remains in LO.ldle. Other than a potential minor power
impact, link shall remain operational and repeater in LO shall be able to distinguish
between an incoming eUSB2 packet, or USB2 packet and a resume or wake. It may
implement a timer to differentiate a resume event from data packet (maximum length of 8
Ul running K). SOWake is a SE1 condition and can be distinguished without a timer.

o It shall disable its high-speed transceivers.

5.4.5.1.2 Exit from Lx.ldle

The repeater performs the following tasks:
e It shall transition to Lx.Resume if it has detected resume at UUSP.
e It shall transition to Lx.Wake if it has detected remote wake at eDSPp.
e [t shall transition to Default if Port Reset is received.

The eUSPr perform the following tasks:

e It shall transition to Lx.Wake if to perform remote-wake.

e It shall enter Lx.Resume if it has detected host resume from the repeater.
It shall transition to Reset if has detected logic ‘1’ on eD+/eD- (FS/LS Lx) as bus
reset. Note: Inthe unlikely event where both Bus Reset and Wake occur
concurrently which may result in a link error condition, implementation may utilize
Port Reset to recover.

e It shall transmit Port Reset if directed by its controller to perform a soft disconnect.

¢ Note: Although implementation specific, given the possible window where role swap
occurs during Lx, eUSPr shall transmit Port Reset and transition to Default in the
ewvent of role swapping where the UTMI+ interface changed from peripheral to host
mode. This is then followed by Repeater Configuration to reconfigure the repeater to
host mode operation.

5.4.52 Lx.Resume
Lx.Resume is a substate where the host starts exiting from L1 or L2.

5.4.5.2.1 Lx.Resume Requirements
The repeater shall meet the following conditions:
e [t shall monitor the resume at UUSP, and drive the eUSB2 resume at eDSPp as

defined in Section 5.5.12 and 5.5.13 for FS resume from L1 and L2 respectively, and
Section 5.5.17 for HS resume from L2, until its completion.
It shall monitor the resume at UUSP until its completion.
It shall end resume at its eDSPp upon detecting EOResume at its UUSP. Refer to
Section 3.3.5 for EOResume transmission.

The eUSPr shall meet the following conditions:
o It shall reflect resume to its UTMI+ interface indicating host resume.
o It shall reflect to its UTMI+ interface the end of resume upon detecting EOResume.
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5.4.5.2.2 Exit from Lx.Resume
e The repeater and eUSPr shall transition to LO upon completion of resume.

5.4.53 Lx.Wake

Lx.Wake is a substate where an eUSB2 peripheral device initiates remote wake to resume the
USB traffic. Section 5.5.12 and 5.5.18 shows the timing waveform of L2 wake to FS and HS
respectively. Additionally, Section 5.5.16 and 5.5.19 provides timing sequences of a FS and HS
wake from L2 without the host resume being triggered.

5.4.53.1 Lx.Wake Requirements
The repeater shall meet the following conditions:
¢ |t shall follow the eUSB2 remote wake protocol as defined in Section 5.5.12 and

5.5.18.
e The UUSP shall perform remote wake defined by USB2.0.

e It shall drive remote wake at UUSP while the remote wake signal at eDSPp is
observed. Note Delay in repeater forwarding remote wake shall meet related
USB2.0 hub timing parameters.

While driving remote wake at UUSP, the repeater shall map the lineatate at UUSP to eUSPr in
repeating mode as defined in
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Table 3-1.
Upon detecting EOWake (a logic ‘0’ to logic ‘1’ transition on eD+(FS/HS) or eD-(LS)
indicating the end of remote wake signaling from eUSPY), the repeater shall perform
the following.
o It shall stop driving remove wake at UUSP.
o It shall monitor the linestate at UUSP and map the linestate from UUSP to
eDSPp.
o With host resume seen on UUSP, repeater continue to map resumeK on
UUSP to logic ‘1’ on eD- (FS/HS) or eD+ (LS) until the end of host resume.
o If host resume is not observed, the repeater shall filter any SEO seen during
cross over on UUSP while D+/D- transition from K to Idle J to eUSPr. And
due to the repeater filtering, K may continue to be presented on eD- (FS) or
eD+ (LS) beyond the completion of EOWake. The repeater may require a
timer to disable SEO filtering in expectation of EOResume SEQ. The eUSPr
shall not declare as host resume (host resume shall be declared as K to SEO
EOResume). Referto Section 3.3.6 for wake signaling. Note that in this
event that no host resume is observed, a repeater may disable its UUSP,
terminate resume, and returns to Lx. To recowver the link from an
unresponsive host, a repeater may provide an option to issue Port Reset to
start a new USB session.

The eUSPr shall meet the following conditions:

e In FS L, it shall drive remote wake as defined in Section 3.3.6.1.2 at eD+/eD- when
directed by its controller.

e In LS Lx, it shall drive remote wake as defined in Section 3.3.6.1.2 at eD+/eD- when
directed by its controller.

e It may continue to observe K on eD- beyond the completion EOWake, even if host
resume is not returned after wake. In this scenario, it shall observe a K to Idle J transition
which it shall not declare as host resume (host resume shall be declared as K to SEO
EOResume).

5.4.5.3.2 Exit from Lx.Wake
The repeater shall perform the following tasks:

e |t shall transition to LXx.Resume upon completion of wake and detected a resume K at
UUSP. Note: A successful remote wake shall follow with resume. The repeater shall
transition to Lx ifresume K is not detected. Refer to Section 5.5.15 for wake from
suspend.

The eUSPr shall perform the following tasks:

e It shall transition to Lx.Resume upon completion of wake and detected a resume K at
eD+/eD-. Note: A successful remote wake shall follow with resume.

55 Host-Peripheral Repeater Mode Link Operation
This section illustrates the various Host-Peripheral repeater mode link operation.

5.5.1 Host Mode Repeater POR and Configuration

Figure 5-16 shows the timing diagram of a host mode repeater sequencing through Port Reset,
Default, Connect, Reset and LO.
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Rpd eDSPr Host enable Device connect CM.Reset Host EOR
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Figure 5-16: Host Mode Repeater Configuration

t0:
* Rpd
t1:

+ eDSPrPOR and transmits ESE1 as Port Reset.

t2:

+ eDSPrtransmits Repeater Configuration with logic ‘1’ on eD+, to its associated
repeater for host mode operation. Note: UTMI+ pulldown indicating host mode
operation may have been stable or static at time zero. Transmission of Repeater
Configuration shall not depend on a change on UTMI+ pulldown. This is
implementation specific on when to transmit this announcement where eDSPr/eUSPr
may sample the UTMI+ pulldown state upon completion of ESEL. If UTMI+ pulldown
indicator changes after or in the middle of transmitting Repeater Configuration,
eDSPr and eUSPr shall transmit ESEL as Port Reset, follow by Repeater
Configuration to re-configure its repeater.

+ eUSPh acknowledge eDSPr Repeater Configuration upon POR. Note: eUSPh POR
is asynchronous to eDSPr. If eDSPr coming out from POR prior to eUSPh, eDSPr
shall transmit Port Reset announcement follow by Repeater Configuration and
monitor for eUSPh acknowledgement. On the other hand, if eUSPh comes out of
POR first, it shall stay in default pending eDSPr Port Reset and Repeater
Configuration.

t3:

» Device connect with Pullup-J on D+/D-.

*  Host repeater transmits logic ‘1’ on eD+ to eDSPr to announce device connect.

* Note that USB2.0 D+/D- is shown experiencing a signaling bounce. These bounces
are mapped to the eUSB2 line as defined in Section 5.3.1.

t4:
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t5:

CM.Reset from eDSPr. Note: Depending on implementation, UTMI+ xcwselect and
opmode may not change together with UTMI+ termselect. UTMI+ termselect may be
the sole trigger for CM.Reset.

eUSPh drops logic ‘1’ on eD+ and declare a FS (or HS depending on chirp
handshake during bus reset) connection.

EOReset (LS Ul duration) from eDSPr. Note: Depending on implementation, UTMI+
xcwurselect and opmode may not change together with UTMI+ termselect. UTMI+
termselect may be the sole trigger for EOReset.

Link enter FS LO operation.
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5.5.2 Peripheral Mode Repeater POR and Configuration
Figure 5-17 shows the timing diagram of a peripheral mode repeater sequencing through Port

Reset, Default, Connect, Reset and LO.

Peripheral
Controller

eUSB2 Port
(eUSPr)

Reset from EOReset

euspr Assert Pullup J

Peripheral
Repeater
(eDSPp - UUSP)

tO:
t1:

t2:

t3:

Rpd POR Peripheral enable Host
Peripheral
DpPulldown/ ~ 77777 [~ } }
DmPulldown L,J \
TermSelect /
XcvrSelect[1:0] /bl(FS)
OpMode[1:0] 01(non-driving) 00(normal)
v
L1Sleep/ 3
SuspendM !
|
TXValid /
/ ]
/
LINESTATE Sep r K SEO J
! I / (
eUSB2 - peripheral / \ EORdset
eD+ /
S5 euspr 7 f
ESE1
eD- T ) B
(f !
I
|
| [
UsB2 \ ( )
\
\
D+/D { S J SEO 2

el [e] [s] [

==eDSPp driving=—

—eUSPr driving—
Figure 5-17: Peripheral Mode Repeater Configuration

Rpd
eUSPr POR and transmits ESE1 as Port Reset.

eUSPr transmits Repeater Configuration with logic ‘1’ on eD-, to its associated
repeater for peripheral mode operation. Note: UTMI+ pulldown indicating peripheral
mode operation may have been stable or static at time zero. Transmission of
Repeater Configuration shall not depend on a change on UTMI+ pulldown. This is
implementation specific on when to transmit this announcement where eDSPr/eUSPr
may sample the UTMI+ pulldown state upon completion of ESEL. If UTMI+ pulldown
indicator changes after or in the middle of transmitting Repeater Configuration,
eDSPr and eUSPr shall transmit ESEL as Port Reset, follow by Repeater

Configuration to re-configure its repeater.
eDSPp POR and acknowledge to eUSPr. Note: eDSPpPOR is asynchronous to

eUSPr. If eUSPrcoming out from POR prior to eDSPp, eUSPr shall transmit Port
Reset announcement follow by Repeater Configuration and monitor for eDSPp
acknowledgement. On the other hand, if eDSPp comes out of POR first, it shall stay

in default pending eUSPr Port Reset and Repeater Configuration.

eUSPr transmits logic ‘1’ on eD+ to its associated repeater to enable pullup J.
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» Peripheral repeater asserts Pullup-J on D+/D-. Note that, as illustrated with the
dotted arrow, UTMI+ opmode may have transition to “normal” earlier (or at time zero).
In this scenario, the eUSPr shall change its UTMI+ linestate to J but only transmit
logic ‘1’ on eD+ after it has received Repeater Configuration.
+ eDSPp pulses eD-, eUSPr drops eD+ and eDSPp drops eD-.
* Linestate on eUSPr change from SEOto J.
t4:
* Reset from Host results in SEQ on D+/D-.
+ eDSPp maps D+/D- SEQ to logic ‘1’ on eD+.
t5:
» EOReset from host with J on D+/D-.
+ eDSPp maps D+/D- Jto SEO on eD+/eD-.
* Link enters FS LO operation.
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5.5.3 Establishing LS Link

In the scenario where a host and LS peripheral is connected, Figure 5-18 shows the sequence of

a Host and Peripheral repeater with its associated eDSPr/eUSPr connecting, bus reset and
eventually entering LO.

POR  Host-Device ~ Connect Reset EOReset
HOST
DpPulldown/
DmPulldown .~
TermSelect V
Host XevrSelect(1:0) 01(Fs) 00(HS) 10(L5)
Controller
OpMode(1:0) 00{ngrmal) 10(Reset) { 00(normal)
eUSB2 Port Lisleep/ - /
_
(eDSPr) SuspendM
I 1 Txvalid  ~
T )
LINESTATE K SE0 J SEO J
eD. eD+ [
eUSB2 - host
D AR n N
f ] R NS /U U R W A A N
est1 Host M.Reset
Host Repeater eD- ) \L 7\ J\H\N
(eUSPh - UDSP) 4 N
usB2
D D+ D+/D- seo il | s ]
Peripheral eUSB2 - peripheral
Repeater eD+ —\
(UUSP - eDSPp) :)‘&4% e ;?{\Iﬁ
erpheral
D- )
[ I € N of Lf ) -
eD- eD+  pevice
DpPulldown/ —
I ] DmPulldown
T
XcvrSelect(1:0) 10(LS) 00(HS) 10(LS)
eUSB2 Port I 1
(eUSPr) TermSelect )
OpMode(1:0) 01(non-driving) 00(normal) 10(Chirp) 00(normal)
Peripheral
Controller LiSleep
TXvalid
LINESTATE )| Se0 )
2] [s]
_eDSPror eUSPr_ _eUSProreDSPp_
driving driving
Figure 5-18: Establishing LS Link

+ eDSPrand eUSPr POR with Port Reset announcement.
* Note that these PORs are asynchronous.

t1:
+ eUSPrand eDSPr configuring peripheral and host mode operation respectively with
Repeater Configuration.
+ eDSPpand eUSPh acknowledge.
* Note that these events are asynchronous.
t2:

+ eUSPrasserts logic ‘1’ on eD- to enable pull up J for device attach.
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* Device attach event propagates to eDSPr.

* Note that USB2.0 D+/D- is shown experiencing a signaling bounce. These bounces
are mapped to the eUSB2 line as defined in Section 5.3.1.

t3:

+ eDSPrtransmits CM.Reset to eUSPh for bus reset.

+ eUSPhdrops logic ‘1’ on eD- and declare a LS connection.

+ eDSPp maps SEO on D+/D- to logic ‘1’ on eD-.

t4:

* EOReset from eDSPr resulted with a LS J on D+/D-. Note: Depending on
implementation, UTMI+ xcwrselect and opmode may not change together with UTMk
termselect. UTMI+ termselect may be the sole trigger for EOReset.

+ eDSPp maps D+/D- Jto SEO on eD+/eD-.

* Link enters LS LO operation.
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5.5.4 Establishing HS Link

In the scenario where a HS capable host and peripheral is connected, Figure 5-19 shows the
sequence of a Host and Peripheral repeater with its associated eDSPr/eUSPr connecting,
chirping and eventually entering LO.
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Figure 5-19: Establishing HS Link

eDSPrand eUSPr POR with Port Reset announcement.
Note that these PORs are asynchronous.

eUSPr and eDSPr configuring peripheral and host mode operation respectively with
Repeater Configuration.
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t2:

t3:

t4:

t5:

t6:

t7:

eDSPp and eUSPh acknowledge.
Note that these events are asynchronous.

eUSPr asserts logic ‘1’ on eD+ to enable pull up J for device attach.

Device attach event propagates to eDSPr.

Note that USB2.0 D+/D- is shown experiencing a signaling bounce. These bounces
are mapped to the eUSB2 line as defined in Section 5.3.1.

eDSPr transmits CM.Reset to eUSPh for bus reset.

eUSPh drops logic ‘1’ on eD+ and declare a FS (or HS depending on chirp
handshake during bus reset) connection.

eDSPp maps SEO on D+/D-to logic ‘1’ on eD+.

Note: This same flow of event is applicable for a FS idle link (where an idle J
transition to SEO on D+/D- is mapped to a SEO on eD+/eD- transition to logic ‘1’ on
eD+) being reset and eventual established as HS (in the case of FS upgrading to
HS).

eUSPr transmits device chirp K.
eDSPp drops eD+ upon receiving device chirp K.

Host chirp K-J follows.

eUSPr pulses eD+ to eDSPp to indicate transition to HS.
eDSPp enables HS termination.

EOReset and enter LO.
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5.5.5 LS Link Disconnect and Reconnect

This flow, as shown in Figure 5-20, describes the process where Host and Peripheral
disconnecting from an established a LS link, and finally reconnecting.
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Figure 5-20: LS Link Disconnect and Reconnect
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tO:

t1:

t2:

t3:

LS idle with pull J on D+/D-.
LS idle with SEO on eD+/eD-.

eUSPr triggers soft disconnect with UTMI+ opmode changed. Note: physical device
detach would behave similarly with D+/D- becoming SEO.

eUSPr transmit ESEL to eDSPp to remove pullup J.

D+/D- becomes SEO and eUSPh maps this to logic ‘1’ on eD-. Note: Host Repeater
does not qualify this SEO as device disconnect but rather mapping D+/D- SEOQ to logic
‘1’ on eD-. Itis the responsibility of the eDSPr to qualify logic ‘1’ on eD- and declare
device disconnect.

Upon detecting logic ‘1’ on eD- and declaring device disconnect, eDSPr transmits
ESE1 to eUSPh to indicate device disconnect.

At the same time, eDSPr's UTMI+ interface reflecting device disconnect.

eUSPh stop driving logic ‘1’ on eD- upon receiving ESE1 from eDSPr.

Both eUSPh and eDSPp return to default mode, and Repeater Configuration follows
to re-enable operation.

Note: UTMI+ pulldown may be static as indicated in Figure 5-20, hence transmitting
Repeater Configuration shall not be triggered with the UTMI+ pulldown transition.
This is implementation specific on when to transmit this announcement where
eDSPr/eUSPr may sample the UTMI+ pulldown state upon completion of ESEL. If
UTMI+ pulldown indicator changes after or in the middle of transmitting Repeater
Configuration, eDSPr and eUSPr shall transmit ESE1 as Port Reset, follow by
Repeater Configuration to re-configure its repeater.

eUSPr transmitting logic ‘1’ on eD- as directed by its controller to initiate a new
connection.

Note that, as illustrated with the dotted arrow, UTMI+ opmode may have transition to
“normal” earlier (or at time zero). In this scenario, the eUSPr shall change it UTMI+
linestate to J but only transmit logic ‘1’ on eD- after it has received Repeater
Configuration.
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5.5.6 FSLink Disconnect and Reconnect

This flow, as shown in Figure 5-21, describes the process where Host and Peripheral
disconnecting from an established a FS link, and finally reconnecting

Device

FS Idle disconnect

ESE1 ESE1

HOST

DpPulldown/
DmPulldown

TermSelect \

XcvrSelect[1:0] 1(FS)

OpMode[1:0] Q0(normal)

SuspendM

hsdisconnet

LINESTATE J SEO

-

eUSB2 - host

—

eD+  packet ’y\

eD-

.
]

eD!ﬁPr

Ese1 o Host
Ll \

SEO J

N
~ <

_"_F/'_ I

Packet

o
<

usB2

D+/D-  Packet J /

eUSB2 - peripheral

eD+  packet

eUsPr /—\—[
ESE1 Peripheral
eD- packet ( / \ -

~

D
N

DEVICE
DpPulldown/ —
DmPulldown \
XcvrSelect[1:0] \ 01(FS) \
\ \
TermSelect \
OpMode[1:0] 00(normal) </ 01(non-driving) >{ >, ><—/ 00(normal)
T
SuspendM /
/
E— /
TXValid /
/
o
LINESTATE J S o) J

o o] e £l

Figure 5-21: FS Link Disconnect and Reconnect
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tO:

t1:

t2:

t3:

FS idle with pull J on D+/D-.
FS idle with SEO on eD+/eD-.

eUSPr triggers soft disconnect with UTMI+ opmode changed. Note: physical device

detach would behave similarly with D+/D- becoming SEO.

eUSPr transmit ESEL to eDSPp to remove pullup J.

D+/D- becomes SEO and eUSPh maps this to logic ‘1’ on eD+. Note: Host Repeater
does not qualify this SEO as device disconnect but rather mapping D+/D- SEOQ to logic
‘1’ on eD+. It is the responsibility of the eDSPr to qualify logic ‘1’ on eD+ and declare
device disconnect.

Upon detecting logic ‘1’ on eD+ and declaring device disconnect, eDSPr transmits
ESE1 to eUSPh to indicate device disconnect.

At the same time, eDSPr's UTMI+ interface reflecting device disconnect.

eUSPh stop driving logic ‘1’ on eD+ upon receiving ESE1 from eDSPr.

Both eUSPh and eDSPp return to default mode, and Repeater Configuration follows
to re-enable operation.

Note: UTMI+ pulldown may be static as indicated in Figure 5-21, hence transmitting
Repeater Configuration shall not be triggered with the UTMI+ pulldown transition.
This is implementation specific on when to transmit this announcement where
eDSPr/eUSPr may sample the UTMI+ pulldown state upon completion of ESEL. If
UTMI+ pulldown indicator changes after or in the middle of transmitting Repeater
Configuration, eDSPr and eUSPr shall transmit ESEL as Port Reset, follow by
Repeater Configuration to re-configure its repeater.

eUSPr transmitting logic ‘1’ on eD+ as directed by its controller to initiate a new
connection.

Note that, as illustrated with the dotted arrow, UTMI+ opmode may have transition to
“normal” earlier (or at time zero). In this scenario, the eUSPr shall change it UTMI+
linestate to J but only transmit logic ‘1’ on eD+ after it has received Repeater
Configuration.
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5.5.7 Disconnecting from HS Link

As oppose to FS/LS where declaring disconnect (ESE1) is the responsibility of the eDSP,

detecting and declaring HS disconnectis performed by the host repeater. Figure 5-22 shows the
sequence of which the host repeater declaring a HS disconnect.

Device
FS Idle disconnect ESE1
HOST
DpPulldown/
DmPulldown

TermSelect

\\
XcvrSelect[1:0] 00(HS) DA | ou(rs)
LJ \\
\
OpMode[1:0] Q0(normal) ‘\‘
] \
TxValid / ‘.
1
1
hsdisconnet !
( |
|
LINESTATE SEO J \ SEO Il
\
eUSB2 - host \
\
eD+ \ [\
)USPh\ i
Packet SOF T ESE1 \& Host
eD-
p \(7*\ N
UsB2 \
_ SOF
D+/D-  Packet m disconnect SEO
eUSB2 - peripheral

eD+
Packet
eD-
DEVICE

DpPulldown/ —
DmPulldown

XcvrSelect[1:0]

00(HS) . .
Device disconnected
TermSelect
00(normal)

OpMode[1:0]

SuspendM

TXValid
LINESTATE SEO

o la] fe

Figure 5-22: HS disconnect
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t0:

* HSidle with SEO on both D+/D- and eD+/eD-.
t1:

+ Device disconnected with SOF amplitude changed.
t2:

+ eUSPhtransmits ESEL to indicate HS device disconnect.

+ eDSPrreflects disconnect to UTMI+ interface. Note that eDSPr shall not transmits
Port Reset after receiving eUSPh ESE1 device disconnect.

* eUSPh returns to default mode of operation and Repeater Configuration follow to re-
enable it.

* Note: Implementation may utilize termselect and xcwselect change to and pulldown
and transmit Repeater Configuration.

5.5.8 Bus Resetduring FSLink

Once a FS link is established and a bus reset is triggered, Figure 5-23, shows the transition of the
ewvents and eventually re-establishing a link.

Device

Host Device NO Reset
busreset HSto FS ChirpK Ends
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
. |
TermSelect __ ! |
1 |
XcwvrSelect[1:0] __01(FS) 00(HS) | I 0L(FS)
1 [T
OpMode[1:0] _00(normal) 10(chirp) | T 00(normal)
\ AT
SuspendM __
TXValid
/[ [
LINESTATE 1 SEO | X J
| |
eUSB2 - host X Fs for
(End of Reset)
eD+ _Packet ) ‘
CM.RESET d
eD- _Packet f\_/\N\/\ ‘
5
usB2
D+/D- _Packet J SEO J
)] /
eUSB2 - peripheral ﬁ C
eD+ _Packet \
eD- Packet P
” 3
DEVICE )
HostMode __
DpPulldown/ — /
DmPulldown 7
TermSelect __ /
XcvrSelect[1:0] 01(FS) /
/
OpMode[1:0] 00(normal) /
[
SuspendM __ K
TXValid __
AW
LINESTATE J A SEO X J
t0 t1 t2 3

Figure 5-23: FS Link Bus Reset
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t1:

t2:

t3:

t0:

eDSPr HS bus reset with CM.Reset.

eUSPh receives CM.Reset; directs its UDSP to apply HS terminations and drive the
USB line to SEO

UUSP obsenves Jto SEO transition on USB lines; eDSPp performs FS mapping and
drives eD+ high.

eUSPr reflects this condition as SEO on its linestate output.

eUSPr does not transmit device chirp K.

eDSPr transmits FS EOReset.

UDSP remowes the driven SEO condition on USB line

UUSP after obsening a J on USB lines, directs its eDSPp to stop driving the eD+ line
eUSPr changes its linestate output to J from SEO
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5.5.9 Bus Resetduring HSLink

Once a HS link is established and a bus reset s triggered, Figure 5-24, shows the transition of
the events and eventually re-establishing a link.

Host Device Device Device Device Host Device Reset
HSb detects ; d: tarts Terminati esel
reseli5 HStoFS bui fgset ChirpK cer1?rpsl< cﬁirp lS<J :?::SI;,O End
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect
XcvrSelect[1:0] 00(HS)
OpMode[1:0] 00(normal) 10(chirp)
SuspendM __ \
TXValid SR I N
LINESTATE ( SEO K SEO Host KJ X SEO
eUSB2 - host HS EOR
(End of Reset)
eD+ “Packet «
CM.RESET
eD- _Packet )/ \ /W P ,_\—!,(/_\———
uUsB2
D+/D- _Packet SEO \ K SEO Host KJ X SEO
eUSB2 - peripheral Q o HS EOR
eD+ _Packet wm o ACK, ‘¢ A /-\
eD- _Packet /V m g '-\_!/-\__
{ 5
DEVICE
HostMode __
DpPulld /| —
Doeutiow )
TermSelect _
XcvrSelect[1:0] ___00(HS) 01(FS) 00(HS)
OpMode[1:0] 00(normal) KLO(chirp)} 00(normal)
SuspendM __
TXValid __
LINESTATE SEO K SEQ Host KJ X SEO
[4—< 875us—M
<—3ms-3.125mr>§
Figure 5-24: HS Link Bus Reset
tO:
* eDSPrHS bus reset with CM.Reset.
t1:

+ eUSPrsends CM.FS after 3ms to check for reset or suspend

+ Peripheral repeater starts Ter_ns reseT_ 1o Fs timer and at its UUSP removes HS
terminations and apply J pull-up. During this time, the peripheral repeater shall
disable HS repeating but remain in HS mapping at eDSPp.

t2:

» Peripheral repeater detected SEO at UUSP indicating bus reset. eDSPp sends no
pulse/acknowledge on eD+. Note: Tpr_Hs reseT_To_Fs timer shall continue to run to
distinguish bus reset to HS or FS.

t3:
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* eUSPrtransmits device chirp K.

t4:
* eUSPrends device chirp K.
t5:
+ eDSPrtransmits host chirp K.
t6:
* eDSPrand eUSPr transmits HS termination acknowledgement.
t7:

+ eDSPrand eDSPp transmits EOReset.
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5.5.10 Bus Resetto FSwith HS capable device and FS capable host

Figure 5-25 shows the transition of the events of a bus reset during with a HS capable device
connecting to a FS capable host.

POR Host-PeripheraI Connect Reset Device EOReset
enable Chrip K
HOST
DpPulldown/
DmPulldown
TermSelect o
XcvrSelect[1:0] 01(FS) 00(HS) 01(FS)
OpMode[1:0] 00(normal) 10(Reset) 00(normal)
L1Sleep/ -
SuspendM
TXvalid
Device
LINESTATE £0 (}@ SEO Soice SEO J
eUSB2 - host
eD+
:X_,HJ—\JWTJ 7 UL A
ESE1 Host CM.Reset
eD-
[ NP U A W Y A \
usB2
D+/D- SEO J SEO K SEO J
eUSB2 - peripheral
eD+
/. , T\ A
ESE1
eD-
/s, L/ \
DEVICE
DpPulldown/ —
DmPulldown \
XcvrSelect[1:0] 01(FS) \ 00(HS) 01(FS)
TermSelect
OpMode([1:0] 01(norj-driving) 00(normal) 10(Chirp) 00(normal)
L1Sleep
TXValid
LINESTATE J SEO K SEO J
CINNCE L]
Figure 5-25: FS Link Bus Reset with FS host and HS device

+ eDSPrand eUSPr POR with Port Reset.
* Note that these PORs are asynchronous.

t1:
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t2:

t3:

t4:

t5:

eUSPr and eDSPr configuring peripheral and host mode operation respectively with
Repeater Configuration.

eDSPp and eUSPh acknowledge upon POR.

Note that these events are asynchronous.

eUSPr asserts logic ‘1’ on eD+ to enable pull up J for device attach.
Device attach event propagates to eDSPr.

eDSPr transmits CM.Reset to eUSPh for bus reset.

eUSPh drops logic ‘1’ on eD+ and declare a FS (or HS depending on chirp
handshake during bus reset) connection.

eDSPp maps SEO on D+/D-to logic ‘1’ on eD+.

Note: This same flow of event is applicable for a FS idle link (where anidle J
transition to SEO on D+/D- is mapped to a SEO on eD+/eD- transition to logic ‘1’ on
eD+) being reset and eventual established as HS (in the case of FS upgrading to
HS).

eUSPr transmits device chirp K.
eDSPp drops eD+ upon receiving device chirp K.
Note: Observed not host K-J chirp.

eDSPr transmits EOReset (LS Ul) and transition to FS LO.
eDSPp upon obsening SEO to J transition on UUSP, transmits EOReset to eUS Pr to
end bus reset and enter FS LO.

Page 117 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

5.5.11 Bus Resetto FSduring HS Link
Figure 5-26 shows the transition of the events of a bus reset during HS link with the eventual re-

established to FS.

Host Device Device NO
HS bus HSto FS detects Device Reset
reset bus reset ChirpK Ends
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect _
===
TermSelect _ |
XevrSelect[1:0] 00(HS) XN T01(FY)
T
OpMode[1:0] _00(normal XX 10(chirp) T00(normal)
X A
SuspendM __
TXValid
[ [
LINESTATE I SEO ] X J
| |
eUSB2 - host Y Fsfor
(End of Reset)
eD+ Packet ,, f\
CM.RESET d
eD- _Packet «
7
UsB2
D+/D- _Packet SEO| X J
) /
eUSB2 - peripheral Q o gFS EOR
eD+ _Packet . No ACK e 7\
CM.FS o
eD- _Packet /V (
\ d \
DEVICE )
HostMode __
DpPulldown/ — \ /
DmPulldown — puge 7
TermSelect ! | /
—
XcvrSelect[1:0] __OO(HS) T N 01(FS) /
C1 /
OpMode[1:0] 00(normal) //
SuspendM __ k
TXvalid __
AW
LINESTATE SEO X J
[4—< 87 5us—»
t0 t1 2 t3 t4
1—3m573.125m5—>§ :

tO:

Figure 5-26: HS Link Bus Reset to FS

« eDSPr HS bus reset with CM.Reset.

t1:

+ eUSPrsends CM.FS after 3ms to check for reset or suspend.

» Peripheral repeater starts Ter_ns reset_to_rs timer and at its UUSP removes HS
terminations and apply J pull-up. During this time, the peripheral repeater shall

disable HS repeating but remain in HS mapping at eDSPp.

t2:

» Peripheral repeater detected Idle J at UUSP indicating bus reset. Note: In this
scenario where an established HS link is downgraded to FS, the peripheral repeater
shall adhere to Ter_Hs reser 1o rs N recognizing USB2.0 bus reset where in this case
Idle J shall not be presented at UUSP as compared to Lx entry as illustrated in
Section 5.5.17.

*+  UUSP samples SEO on D+/D-
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+ eDSPp sends no pulse/acknowledge on eD+.
t3:
* eUSPrdoes not transmit device chirp K. Note: Transition is applicable if device
transmits chirp K but host doesn't not perform chirp K-J.
t4:
+ eDSPrtransmits FS EOReset (LS Ul).
+ UDSP remowes the driven SEO condition on USB line
* UUSP after obsening a J on USB lines, directs its eDSPp to send Tsrrose EOReset
pulse
* eUSPrchanges its linestate output to J from SEO

5.5.12 FSLink L1 entryand resume

FS link L1 entry and resume sequences are illustrated in Figure 5-27 below.

Start of L1 _Host Host  pevice Host o sume
L1 entry entry initiates starts  jpitiates LO ends Ends
LOentry  resume entry resume
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcvrSelect[1:0] 01(FS)
OpMode[1:0] 00(normal) 10(chirp) 00(normal
Lisleep __ [ e
TXValid
LINESTATE J K IXGERK J
R
eUSB2 - host (Staofof aniou
eD+ _Packet 4 AN AR
eD- _Packet
usB2
D+/D- _Packet 3 X K XEEX J
- JEC
eUSB2 - peripheral ;ch
eD+ _Packet A y )
eD- _Packet /
DEVICE
HostMode __
DpPulldown/ —
DmPulldown
TermSelect __
XcvrSelect[1:0] 01(FS)
OpMode[1:0] 00(normal)
Lisleep __
TXValid __
LINESTATE J X K ISERX J
t0 tl 13 t4 5] 6
Figure 5-27: FS Link L1 entry and resume
tO:
+ eDSPrinitiates suspend, stops driving anything on the line
t1:
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t2:

t3:

t4:

t5:

t6:

eDSPrand eUSPr declare bus L1 entry after L1 token exchange
Respective controllers may or may not assert L1sleep
If L1sleep asserted, eUSB port sends CM.FSto its repeater

eDSPr controller initiates LO entry

eDSPr starts sending resume,

eUSPh detects SE1 followed by logic ‘1’ on eD-; eUSPh stops FS mapping mode
UDSP sends resume on USB lines after SE1 followed by logic ‘1’ on eD- is detected.
eDSPp enters repeat mode after detecting K on USB lines and drives eD- to logic ‘1’
eUSPr changes linestate toK

eUSPr controller de-asserts suspend if required

eDSPr ends resume with EOResume

eDSPp exits repeat mode after obsening EOP on USB lines and sends EOP on eD+
line

resume completes

5.5.13 FSLink L2 entry and resume
FS link L2 entry and resume sequences are illustrated in Figure 5-28 below.
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Start of L2 _Host Host  pevice Host o esume
L2 entry entry initiates stans jnitiates LO ends Ends
LOentry  resume entry resume
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcwvrSelect[1:0] 01(FS)
OpMode[1:0] 00(normal) 10(chirp) 00(normal)
SuspendM __
TXValid
LINESTATE J K IXGERK J
[SOR EOR
eUSB2 - host i ($tart of (End of [Resuhe) (LS EOP)
eD+ _Packet R .
eD- _Packet
uUsB2
D+/D- _Packet % J X K IXSERK J
- IE
eUSB2 - peripheral EE,%RC
eD+ _Packet 4 y )
eD- _Packet /
DEVICE
HostMode __
DpPulldown/ —
DmPulldown
TermSelect __
XcwvrSelect[1:0] 01(FS)
OpMode[1:0] PO(normal)
SuspendM __
TXValid _
LINESTATE J K EEQX J
10 1 13 t4 5] 6
Figure 5-28: FS Link L2 entry and resume
tO:
+ eDSPrinitiates suspend, stops driving anything
on the line
tl:

+ eDSPrand eUSPr declare bus suspend after 3ms
* Respective controllers may or may not assert suspendM
* If suspend asserted, eUSB port sends CM.L2 to its repeater

t2:
+ eDSPrcontroller initiates LO entry
t3:
» eDSPr starts sending resume,
+ eUSPh detects SE1 followed by logic ‘1’ on eD-; eUSPh stops FS mapping mode
+ UDSP sends resume on USB lines after SE1 followed by logic ‘1’ on eD- is detected.
+ eDSPp enters repeat mode after detecting K on USB lines and drives eD- to logic ‘1’
+ eUSPrchanges linestate toK
t4:
* eUSPrcontroller de-asserts suspend if required
t5:
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» eDSPrends resume with EOResume
» eDSPp exits repeat mode after obsening EOP on USB lines and sends EOP on eD+
line
t6:
* resume completes

Page 122 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

5.5.14 LS Link wake and resume from L2
Link exiting L2 with a peripheral wake and host resume is shown in Figure 5-29.

) . Device
L2 Device Device Host  Host  gngs Host

initiates drives  initiates  starts ramote ends
LO entry wake LO entry resume \yake resume

Resume

entry ends

HostMode

HOST DpPulldown/
DmPulldown —

Hostdisconnect ___

TermSelect

XcvrSelect(1:0) 10(LS)

OpMode(1:0) 10(chirp) 00(normal)

SuspendM __

TXvalid —_

LINESTATE J X K SEC>< J

SPR LSEPR
(Start of

eUSB?2 - host Reshme) hecuhe)

eD+

eD-

use2 D+/D- J

3 ”*y//“{

EOR
End of
e e e eleeaE] iy

eUSB2 - peripheral
(Starf of Wake), o
eD+

eD-

DEVICE
HostMode __

DpPulldown/ —
DmPulldown

TermSelect

XcvrSelect(1:0) 10(LS)

OpMode(1:0) 00(normal) LO(chirp| X ] 00(normal)

SuspendM __

TXValid __

LINESTATE J K sep X J

[«]

em—c U SPh or eDSPp driVing— eDSPr and eUSPh

eDSPr or eUSPr driving or eDSPp and eUSPr driving

Figure 5-29: LS device wake and host resume

tO:
e LinkinL2
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t1:

t2:

t3:

t4:

t5:

t6:

t7:

eUSPr controller initiates LO entry

eUSPr starts sending remote-wakeup

eDSPp detects SE1 followed by a logic ‘1’ on eD+, detects it as a remote-wake
signal; UUSP sends remote-wake on USB lines

eDSPp remains in LS mapping mode and maps K on USB lines as a driven logic ‘1°
on eD+

eUSPh enters repeat mode after detecting a K on the USB lines and drives eD+ to
logic ‘1’

eDSPrreflects it as resume K on its linestate output; after obsening linestate change
from J to K

eDSPr initiates LO entry

eDSPr starts sending resume

eUSPh detects SE1 followed by logic ‘1’ on eD+; eUSPh stops repeating mode.
Note: eD+ is now driven by both eDSPr and eUSPh.

UUSP sends resume on USB lines after SE1 followed by logic ‘1’ on eD+ is detected.

eUSPr stops sending remote-wakeup

eDSPp after detecting a logic ‘0’ to logic ‘1’ on eD-, stops LS mapping mode and
enters repeating mode

UDSP stops driving K on USB lines

eDSPp sends K on USB lines in repeating mode on eD+ lines

eDSPr ends resume with EOResume
eDSPp exits repeat mode after obsening EOP on USB lines and sends EOP on eD-
line

resume completes
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5.5.15 FSLink wake and resume from L2

Link exiting L2 with a peripheral wake and host resume is shown in Figure 5-30.

Device Devi H u Device
L2 evice Device ost ost  gnds Host
entry initiates drives  initiates starts remote ends RZ%?E
LO entry wake LO entry resume \yake resume
HostMode
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcvrSelect[1:0] 01(FS)
OpMode[1:0] 10(chirp) X 00(normal)
SuspendM ___
TXValid __
LINESTATE J X K SEC>< J
SR S EOR
eUSB2 - host (Sthrt of End ¢f
Y T
»/ A
eD-
{ P)
USB2 )
D+/D- J »X K sep X J
{
eUSB2 - peripheral 50 EOW EOR
(start of Wake) (EM of Wake) Fnd 9
eD+ | £)
N A PR 4
eD- _ |
DEVICE
HostMode __
DpPulldown/ —
DmPulldown
TermSelect
XcvrSelect[1:0] 01(FS)
OpMode[1:0] 00(normal) LO(chirp| X1 00(normal)
SuspendM __ e |
TXValid __
LINESTATE J K sep X J
[co]

———c ) SPh or eDSPp driving=—

eDSPr and eUSPh,

eDSPr or eUSPr driving or eDSPp and eUSPr driving

Figure 5-30: FS device wake and host resume

tO:
« LinkinL2
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t1:

t2:

t3:

t4:

t5:

t6:

t7:

eUSPr controller initiates LO entry

eUSPr starts sending remote-wakeup

eDSPp detects SE1 followed by a logic ‘1’ on eD-, detects it as a remote-wake signal;
UUSP sends remote-wake on USB lines

eDSPp remains in FS mapping mode and maps K on USB lines as a driven logic ‘1’
on eD-

eUSPh enters repeat mode after detecting a K on the USB lines and drives eD- to
logic ‘1’

eDSPrreflects it as resume K on its linestate output; after obsening linestate change
from J to K

eDSPr initiates LO entry

eDSPr starts sending resume

eUSPh detects SE1 followed by logic ‘1’ on eD-; eUSPh stops repeating mode.
Note: eD- is now driven by both eDSPr and eUSPh.

UUSP sends resume on USB lines after SE1 followed by logic ‘1’ on eD- is detected.

eUSPr stops sending remote-wakeup

eDSPp after detecting a logic ‘0’ to logic ‘1’ on eD+, stops FS mapping mode and
enters repeating mode

UDSP stops driving K on USB lines

eDSPp sends K on USB lines in repeating mode on eD- lines

eDSPr ends resume with EOResume
eDSPp exits repeat mode after obsening EOP on USB lines and sends EOP on eD+
line

resume completes
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5.5.16 FSLink wake without resume from L2

Figure 5-31 illustrates the scenario where a device initiates a wake from L2, however, host
resume is not triggered.

o Device Device Device
Linkin L2 initiates drives
LO entry wake

e Link back
ends wake to L2

HostMode

DpPulldown/
DmPulldown —

HOST

Hostdisconnect

TermSelect

XcvrSelect[1:0] 01(FS)

OpMode[1:0] 00(normal)

SuspendM __

TXvalid

LINESTATE J e K X J

eUSB2 - host
eD+

eD- /

usB2

D+/D- J X K J
Ju

eUSB2 - peripheral
SO EOW

(Staft of Wake) (Eng_of Wake,
eD+

eD- \_l—

DEVICE
HostMode

DpPulldown/ —
DmPulldown

TermSelect

XcvrSelect[1:0] 01(FS)

OpMode[1:0] 00(normal) 10(chirp) X 0(normal)

SuspendM

TXValid __

LINESTATE J K J

[)

«>= 8LS bit times»}
(~5000ns) i

Figure 5-31: FS Link device wake without host resume

t0-t2:
* Link in L2 with eUSPr initiates LO entry with remote wake.
t3:
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t4:

» eUSPr stops sending remote-wakeup

+ UDSP stops driving K on USB lines

+ eDSPp enters FS mapping mode, and maps USB J as driven SEO on eUSB lines.
Note: K may continue to be presented on eD- after the completion EOWake before
transition to J. Inthis case, the K to J transition shall not be declared as a host
resume instead it shallbe a K to SEO (EOResume).

+ eUSPh keeps forwarding J on USB lines assuming this being a data J state. It starts
a non-activity timer (>8LS bit times)

+ eUSPh non-activity timer expires where it determines this being an end of remote
wake without host resume.
+ eUSPh stops driving eD- line and transition back to L2

5.5.17 HS Link L2 entry and resume
HS link L2 entry and resume sequences are illustrated in Figure 5-32 below.

Host Device Link L2 Host Host Device Host
HS 10 FS HS to FS o ES ent initiates starts  initiates ends Resume
Y LO entry resume  LO entry resume  ends
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcvrSelect[1:0] _00(HS) 0L(FS)
\
OpMode[1:0] \ 00(normal) 10(chirp)
|
SuspendM | Sl e
TXValid
/[
LINESTATE [ SEO J K X SEO
|
eUSB2 - host [SOR EOR)
. (Start pf Resume) (End|of Repume)
eD+ _Packet
CM.FS )
eD- _Packet /
USB2 L (
D+/D- _Packet J X K X SEO

eUSB2 - peripheral

EOR]
(End fof Regume)

eD+ _Packet

eD- _Packet

DEVICE

HostMode __

DpPulldown/ —
DmPulldown

TermSelect __

XcvrSelect[1:0] 00(HS) 01(FS)

OpMode[1:0] 00(normal)

SuspendM __

TXValid __

LINESTATE SEO J K X SEO

[4—< 875us—m

«—3ms-3.125ms—

Figure 5-32: HS Link L2 entry and resume
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tO:

t1:

t2:

t3:

t4:

t5:

t6:

t7:

t8:

eDSPr initiates suspend, sends CM.FS, starts 4ms timer
Host repeater at its UDSP remowves HS terminations

eUSPr sends CM.FS after 3ms to check for reset or suspend

Peripheral repeater starts Ter Hs reser o rs timer and at its UUSP removes HS
terminations and apply J pull-up. During this time, the peripheral repeater shall
disable HS repeating but remain in HS mapping at eDSPp.

Peripheral repeater detected Idle J at UUSP before Ter ns reser to rs €xpired
indicating suspend entry and sends a pulse to eUSPr and enter FS mapping.
eUSPr changes linestate to J

eUSPh also sends a pulse to eDSPr in case it observes J pull up; eUSPh enters FS
mapping mode

eDSPr changes linestate to J, eDSPr stops 4ms timer

eDSPr controller may or may not assert suspend; eDSPr sends CM.L2 if suspendM
asserted
eUSPr controller may or may not assert suspend; eUSPr sends CM.L2 if suspendM
asserted

eDSPr controller initiates LO entry

eDSPr starts sending resume,

eUSPh detects SE1 followed by logic ‘1’ on eD-; eUSPh stops FS mapping mode
UDSP sends resume on USB lines after SE1 followed by logic ‘1’ on eD- is detected.
eDSPp enters repeat mode after detecting K on USB lines and drives eD- to logic ‘1’
eUSPr changes linestate toK

eUSPr controller de-asserts suspend if required

eDSPr ends resume with EOResume

eDSPp exits repeat mode after obsening EOP on USB lines and sends EOP on eD+
line

eDSPp and eUSPh both enter HS mode within 2LS bit times

resume completes
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5.5.18 HS Link wake and resume from L2

Link exiting L2 with a peripheral wake and host resume is shown in Figure 5-33.

Device

Host Device Link L2 Device Device Host Host  ends Host
e AR ends esume
HSto FS HSto FS to FS entry initiates  drivesinitiates starts  remote ends
LO entry wakeLO entryesume  wake resume
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect _
TermSelect __
XcwrSelect[1:0] _00(HS) 01(FS)
OpMode[1:0] 00(normal) K [L0(chirp) X 00(normal)
SuspendM __
TXValid
LINESTATE SEO J X K X SEO
OR [EOR
eUSB2 - host (Start of End o
eD+ _Packet o« ya Repmye) D aui
CM.FS id 4
eD- “Packet )\/\ W\ « i
5 )
USB2 i
D+/D- _Packet ) SEO J K 2 SEO
{
EOR
- peri 3 ow
eUSB2 - peripheral (star of Wak) (End]ot Wake) Fa g
eD+ _Packet ) 4
— CM.FS CROCE XX Y
eD- _Packet
DEVICE
HostMode __
DpPulldown/ —
DmPulldown
TermSelect __
XcvrSelect[1:0] 00(HS) 01(FS)
OpMode[1:0] 00(normal) 10(chirp) [ _00(normal)
SuspendM __ | | P
TXValid __
LINESTATE SEO J K X SEO
[4—< 875us—|
10 t1 2] [t3 5] [t6] 17 t8 o] 110
1—3ms-3.125mr>§ {
Figure 5-33: HS Link device wake and host resume
t0-t3:
* HSLink L2 entry.
t4:
+ eUSPr controller initiates LO entry
t5:

» eUSPr starts sending remote-wakeup
+ eDSPp detects SE1 followed by a logic ‘1’ on eD-, detects it as a remote-wake signal;

UDSP sends remote-wake on USB lines
+ eDSPpremains in FS mapping mode and maps K on USB lines as a driven logic ‘1’

oneD-

+ eUSPh enters repeat mode after detecting a K on the USB lines and drives eD- to

logic ‘1’
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t6:

t7:

t8:

t9:

t10:

eDSPr reflects it as resume K on its linestate output; after obsening linestate change
from J to K

eDSPrinitiates LO entry

eDSPr starts sending resume
eUSPh detects SE1 followed by logic ‘1’ on eD-; eUSPh stops repeating mode
UDSP sends resume on USB lines after SE1 followed by logic ‘1’ on eD- is detected.

eUSPr stops sending remote-wakeup

eDSPp after detecting a logic ‘0’ to logic ‘1’ on eD+, stops FS mapping mode and
enters repeating mode

UDSP stops driving K on USB lines

eDSPp sends K on USB lines in repeating mode on eD- lines

eDSPr ends resume with EOResume

eDSPp exits repeat mode after obsening EOP on USB lines and sends EOP on eD+
line

eDSPp and eUSPh both enter HS mode within 2LS bit times

resume com pletes
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5.5.19 HS Link wake and without resume from L2

Figure 5-34 illustrates the scenario where a device initiates a wake from L2, however, host
resume is not triggered

HOST

Hostdisconnect __

XcvrSelect[1:0] _00(HS)

Host
HSto FS

Device
HSto FS

Link L2
to FS entry

Device
initiates

LO entry

Device
drives

wake

Device
ends wake

Link back

tolL2

HostMode __
DpPulldown/

DmPulldown —

TermSelect __

01(FS)

OpMode[1:0]

00(normal)

SuspendM __

TXValid

LINESTATE SEO

eUSB2 - host

eD+ _Packet

CM.FS

eD- _Packet

UsB2

D+/D- _Packet )

SEO

eUSB2 - peripheral

eD+ _Packet

eD- _Packet

IS
(Staft of

ow
(Eny Etf\wake)

CM.FS

"""" A\

DEVICE

XcwvrSelect[1:0]

t0-t4:

t5:

t6:

HostMode __

DpPulldown/ —

DmPulldown
TermSelect __

00(HS)

01(FS)

OpMode[1:0]

00(normal)

10(chirp)

0(normal)

SuspendM __

TXValid __

LINESTATE

SEO

[o]

<—3ms-3.125ms—

[4—< 875us—m

Figure 5-34: HS Link device wake without host resume

HS Link L2 entry.

eUSPr initiates remote-wakeup.

eUSPr stops sending remote-wakeup
UDSP stops driving K on USB lines
eDSPp enters FS mapping mode, and maps USB J as undriven SEQO on eUSB lines.
Note: K may continue to be presented on eD- after the completion EOWake before
transiting to Idle J. Inthis case, the K to J transition shall not be declared as a host
resume (host resume shall be a K to SEO EOResume).
eUSPh keeps forwarding J on USB lines as a data J. it starts a non-activity timer

(>8LS bit times).
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t7:
* eUSPh non-activity timer expires; it stops driving eD- line and mowves back to FS
mapping mode.
* Link back to L2
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5.5.20 HS Link disconnect during L2 entry
Figure 5-35 illustrates the scenario where a device is disconnected during L2 entry.

Host Device . Device eDSPr eDSPr

HSto FS Hs to Fg disconnecte declares waiting for
d disconnect connect
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcwvrSelect[1:0] _00(HS) 01(FS)
OpMode[1:0] 00(normal
SuspendM __ N D D
TXValid
LINESTATE X SEO
eUSB2 - host
eD+ _Packet
w g5 ESE1

eD- _Packet f\_/\/\/\/\ ‘
5

USB2

D+/D- _Packet X SEOQ

eUSB2 - peripheral
eD+ _Packet

CM.FS
eD- _Packet

DEVICE
HostMode __

DpPulldown/ —
DmPulldown

TermSelect _ DEVICE disconnected

XcvrSelect[1:0] 00(HS)

OpMode[1:0]

SuspendM __

TXValid __

LINESTATE __ X SEO

[—< B75ur—>§

«—3ms-3.125ms—

4m: > 250

Figure 5-35: HS Link disconnect during L2 entry

t0:
+ eDSPrinitiates suspend, sends CM.FS, starts 4ms timer.
+ eUSPhdirects its UDSP to remove HS terminations.
t1:
+ eUSPrsends CM.FS after 3ms to check for reset or suspend.
+ eDSPpdirects its UUSP to remove HS terminations and apply J pull up.
t2:
* Peripheral disconnected on USB lines before a J pull could be applied
t3:
+ UDSP never sees a J, thus eUSPh never sends a pulse; eUSPh is not completely in
FS mode, thus it is not performing any disconnect detection
» After 4ms, disconnect recovery timer is complete. eDSPr observes the linestate as
SE for more than 2.5us and declares disconnect, eDSPr also sends ESE1 to eUSPh
t4:

+ eDSPrwaiting for a connect from eUSPh
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5.5.21 HS Link disconnectin L2 (before CM.L2)
Figure 5-36 illustrates the scenario where a device is disconnected in L2 entry before the CM.L2.

Device
disconnected
Host Device Link eDSPr declares eDSPr
HSto FS HSto FS to FS disconnect waiting for
drives ESE1 connect
HostMode __
HOST DpPulldown/
DmPulldown —
Hostdisconnect __
TermSelect __
XcvrSelect[1:0] _00(HS) 01(FS
OpMode[1:0] m""""“:
SuspendM __ N L L ___ e
TXValid
LINESTATE __X SEO KI X SEO
eUSB2 - host
eD+ Packet /C\M’VF’S' H L / \_I FS mapping et
eD- Packet N\ ML
uUsB2
D+/D- _Packet D SEO
eUSB2 - peripheral
eD+ _Packet ’-\.N\N\_/.\__
CM.FS
eD- _Packet
DEVICE
HostMode __
DpPulldown/ —
DmPulldown
TemSelect | DEVICE disconnected
XcvrSelect[1:0] 00(HS)
OpMode[1:0]
SuspendM __
TXValid __
LINESTATE __X SEO 11
[4—< 875us—M
1—3ms-3.125mr>§ :
am: . —> 2. 5us—m
Figure 5-36: HS Link disconnectin L2 entry (before CM.L2)
t0:
+ eDSPrinitiates suspend, sends CM.FS, starts 4ms timer.
+ eUSPhdirects its UDSP to remove HS terminations.
t1:
+ eUSPrsends CM.FS after 3ms to check for reset or suspend.
+ eDSPpdirects its UUSP to remove HS terminations and apply J pull up.
t2:
*+ UDSP sees a J, thus eUSPh sends a pulse; eUSPh enters FS mode, enables its FS
mapping.
+ eDSPrreceives pulse, disables its 4ms timer, changes linestate to J.
t3:

»  Peripheral disconnected on USB lines; eUSPh drives eD+ to ‘1’ based on FS
mapping.
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+ eDSPrreceives a ‘1’ on eD+, changes linestate to SEOQ, asserts hostdisconnect,
drives ESEL1.
t4:
+ eDSPrwaiting for a connect from eUSPh.

5.5.22 HS Link disconnectin L2 (during CM.L2)
Figure 5-37 illustrates the scenario where a device is disconnected in L2 entry after the CM.L2.

Device
Disconnected
Host Device Link eDSPr L2
HSto FS HSto FS toFS entry

eDSPr eDSPr
powered- declares Link in
up disconnect Default
drives ESE1

HostMode __
HOST DpPulldown/
DmPulldown —

Hostdisconnect __

TermSelect __

XcvrSelect[1:0] _00(HS) 01(FS)

OpMode[1:0] 00(normal)

SuspendM __ "

TXValid

LINESTATE X SEO J X SEO

eUSB2 - host

eD+ “Packet %/ \ MW\ y NN N FBrons |

CM.FS id cm.L2
eD- _Packet N/ \ MWW\ <
4

USB2

D+/D- _Packet ) X J SEQ|

eUSB2 - peripheral
eD+ _Packet

CM.FS
eD- _Packet

DEVICE
HostMode __

DpPulldown/ —
DmPulldown

TermSelect DEVICE disconnected

XcwvrSelect[1:0] 00(HS)

OpMode[1:0]

SuspendM __

TXValid __
LINESTATE __X SEO 11

[4—< 875us—|

(o] w) [l [g] (e]  [s]

<—3ms-3.125ms—>

i4—< Tms—»

Figure 5-37: HS Link disconnectin L2 entry (during CM.L2)

t0:

+ eDSPrinitiates suspend, sends CM.FS, starts 4ms timer

* eUSPhdirects its UDSP to remove HS terminations
t1:

+ eUSPrsends CM.FS after 3ms to check for reset or suspend.

+ eDSPpdirects its UUSP to remowve HS terminations and apply J pull up.
t2:

*+ UDSP sees a J, thus eUSPh sends a pulse; eUSPh enters FS mode, enables its FS
mapping.
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» eDSPrreceives pulse, disables its 4ms timer, changes linestate to J.

t3:
» eDSPr controller observes J and asserts suspend.
+ eDSPrsends CM.L2.
+ Device disconnect occurs the same time as CM.L2. Hence, CM.L2 coincide with
logic ‘1’ on eD+ (indicating SEO on D+/D-).
* eUSPh stops driving logic ‘1’ on eD+ to service CM.L2 (observes SE1 SCM of
CM.L2).
» eUSPh redrives logic ‘1’ on eD+ indicating device disconnect.
t4:
+ eDSPrexits L2 as directed by its controller to senice device disconnect.
t5:
+ eDSPrtransmit ESEL to its associated repeater as Port Reset.
t6:

* Link transition to Default for reconfiguration.

Page 137 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

6 Register Access Protocol

The register access protocol (RAP) is optional. It is defined for control and configuration in the
following two operation modes:

¢ In repeater mode, for an eDSPr/eUSPr to access the register space in its associated
repeater.
¢ In native mode, for an eDSPn to access the register space in an eUSB2 peripheral port.

Given that register access protocol (RAP) is optional, it is the system architecture and
implementation to ensure if RAP is required, hence both the eDSPr/eUSPr and its associated
repeater (in repeater mode) or eDSPn and eUSPn (in native mode) support this feature.

In the event of transmitting back-to-back CM.RAP, the port shall allow an idle time Tcwmezs (end to
start) between the CMs.

The RAP bus is a point to point interconnect based on eD+ and eD-. The RAP clocking
architecture is forwarded clock. The electrical requirement of the RAP is compatible with LS/FS
operation defined in Chapter 6.

The RAP supports 6-bit addressing based on 2-bit command for the following byte operations:

¢ Read: single-byte read.

o Write: single byte write.

e Set: to perform bit-wise logic “OR” with the registered data.

e Clear: to perform bit-wise reset to the registered data with the mask.

6.1 RAP Bus Definition and Operation

An example RAP configuration is shown in Figure 6-1. A RAP initiator is a port initiating the
register access, and it is always implemented in an eUSB2 port. A RAP receptor is a port that has
its register spaceimplemented, and it is either implemented in an eUSB2 device, orin an eUSB2
repeater.

eUSB2 port eUSB2 repeater
eD+ (clky——»
[ «———eD- (data)———>
RAP ( RAP
initiator receptor

Figure 6-1: RAP Block Diagram

The RAP bus shares the eUSB2 bus. Therefore, the RAP can only be initiated when the bus is
idle and no eUSB2 traffic is expected during the period of operation. The RAP shall be initiated
upon power up in Default and before Port/Repeater Configuration only.

Note that it is the responsibility of the RAP initiator to manage the RAP operation without
contending with the eUSB2 operation. The policy of the RAP initiation and contention avoidance
is out of the scope of this document.

As shown in Figure 6-1, RAP bus is constructed based on eD+/eD-. eD+ is repurposed to carry
the forwarded clock. eD- is repurposed to carry half-duplex bi-directional data. The bus clocking
and operation shall meet the following requirements:

o A RAP initiator shall supply a forwarded clock to a RAP receptor for data sampling,

command decoding and its associated data processing.
o The RAP bus clocking shall be based on single data rate with the data transmitted on the
rising edge of the clock and received and sampled on the falling edge of the clock. This is
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true irrespective of whether it is a RAP initiator or RAP receptor. (Refer to section 5.3 for
timing requirements).
The data bus turnaround time for data read shall be between three to sixty-four clock
cycles. A RAP receptor shall first drive one cycle of logic ‘1’ and follow with the data.
The transmission of the RAP shall start with CM.RAP and follow with the RAP command,
the register address, and if the command is read, write, clear or set the data. The bit
order shall be least significant bit first. Shown in Figure 6-2 is a general RAP format.
For write operation, the RAP initiator shall drive logic ‘0’ at eD- for two clock cycles after
the last bit of data (d7).

o Note: Although some operations may not need two clock cycles, two clock cycles

are required for all CM.RAP for consistentimplementation.

For read operation, the RAP initiator shall drive logic ‘0’ at eD- for one clock cycle after
the last bit of address (ab) is transmitted before switching to pull-down. The RAP receptor
shall drive logic ‘0’ at eD- for one clock cycle after the last bit of data (d7) is transmitted
before disabling its transmitter with the second clock cycle.
For back to back RAP operation, the RAP initiator shall have a minimum of two cycle idle
time.
The timing of CM.RAP shall be based on Tewm ui_wx ifthe link is in Lx, or Tem_ui Lo
otherwise.

CM.RAP Address Data
CM.15 aO|al|a2|a3|a4|aS d0|d1|d2| d3|d4|d5| d6| d7

Figure 6-2: RAP Format

6.2 RAP Command and Features
The RAP supports four register operation defined in Table 6-1.

Table 6-1: The RAP Command Definition

CMD (b1~0) | Operation Description
00 Write Data is written to the register address
01 Read Data is read from the register address
10 Clear Active high bit-wise clear with the data on the register address.
11 Set Bit-wise OR with the data on the register address

An example of a write operation is shown in Figure 6-3.
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eD+
(clk)

|a0|a1|a2|a3|a4|a5|d0|d1|d2|d3|d4|d5|d6|d7|
(data)

Figure 6-3: RAP Format: Write
An example of a read operation in shown in Figure 6-4.

(data) ]J_I I—I |a0|a1|a2|a3|a4|a5| 1;76_4 | |d0|d1|d2|d3|d4|d5|d6|d7|
P2
Figure 6-4: RAP Format: Read
An example of a clear operation in shown in Figure 6-5.

eD+
(clk)

| |a0|a1|a2|a3|a4|a5|cO|cl|02|c3|c4|05|06|c7|
(data)

Figure 6-5: RAP Format: Clear
An example of a set operation in shown in Figure 6-6.

eD+
(clk)

|a0|a1|a2|a3|a4|a5|sO|sl|32|s3|s4|35|56|s7|
(data)

Figure 6-6: RAP Format: Set

Page 140 of 162



Embedded USB2 (eUSB2) Physical Layer Supplement to [USB2.0] Specification —Rev1.1

6.3 RAP Timing Requirement

Shown in Figure 6-7 and Figure 6-8 are definitions of RAP Initiator and Receptor timing
respectively. The values of the parameters are listed in Table 6-2.

clk

;l

A

Trap

>

data

|

Figure 6-7: Transmitter Timing at RAP Initiator and Receptor

clk

data

Figure 6-8: Receiver Timing at RAP Initiator and Receptor

Table 6-2: The RAP Timing Specification

Parameters Min Max Units
Trap 2 FS Ul
TrapP_H 1 FS Ul
To 0 25 ns
Tsetup 25 ns
Thowo 25 ns
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7 Electrical Specifications
This chapter describes the electrical specification of eUSB2.

7.1 High-speed

Figure 7-1 shows an example of an eUSB2 transceiver circuit. Rsrc_ns is the transmitter source
termination. Vrx pr is the peak differential swing across the Tx eD+ and eD- pads. Rrcv pir
represents the optional receiver differential termination. Crx cm is an on-die capacitor, which is
recommended to suppress AC common mode fluctuation seen by the receiver. The fact that
eUSB2 is a half-duplex interconnect where transmitter and receiver share the pad are omitted
from the drawing in Figure 7-1.

The high-speed transceiver implements low swing differential signaling. The transmitter is
required to be source terminated to deliver good signal integrity. The receiver could be
differentially terminated or un-terminated. The requirement for receiver termination depends on
the use case and channel characteristics. Receiver termination is a requirement for repeater
mode of operation but optional for native mode.

W\/\/ TX eD+
Rsrc_Hs
Q VTx DIF
Rsre_Hs
TX eD-

Transmitter / ~  Receiver

Figure 7-1: Example eUSB2 Transmitter and Receiver Circuit Structure

It is important to constrain the source impedance mismatch, ARsrc, between Tx eD+ and eD-.
The mismatch will manifestitself into common mode voltage variation which impacts both
receiver functionality and system EMI performance.

The eUSB2 receiver circuit is required to extract the clock information from the incoming data
stream and perform data recovery. There is no requirement to implement common clocking
architecture for 2 eUSB2 devices. The clock source inaccuracy shall be less than +/- 500 ppm as
defined in USB2.0. Spread spectrum clocking is not allowed.

The squelch circuitis implemented as an amplitude envelope detection circuit to differentiate
between valid signal and wire noise. It is also used by the repeater to perform data traffic flow
control. Therefore, a robust squelch circuit design is critical to guarantee correct functionality.
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7.1.1 High-speed Tx Electrical Specification
This section describes values at the TX pad.

Table 7-1: High-speed Transmitter DC Specifications

Parameter Symbol Min Typ Max Units | Notes
Transmit differential V1X DIE_TERM 165 245 mV 1,5
(terminated)

Transmit differential VX DIF_UNTERM 360 440 mV 2,5
(un-terminated)
Transmit common V1x_cm 170 230 mV 3,6
mode
Transmit source Rsrec Hs 32 40 48 Q 6
termination impedance
Source impedance ARsrc Hs 4 Q 4,5
mismatch

Notes:

1) The transmitter must maintain the specified differential swing after accounting for the

2)

transmit woltage supply and source termination variation at both eD+ and eD-. An ideal
80Q Rx differential termination is used as the test load.

The transmitter must maintain the specified differential swing after accounting for the
transmit woltage supply and source termination variation at both eD+ and eD-, an 80kQ
differential termination is used as the test load.

The specified number does not include AC noise component.

The source impedance mismatch between eD+ and eD- shall not vary more than the
specified max value. This impedance mismatch could result from process random
variation, systematic layout offset and other sources of error.

The specified numbers are Informative.

The specified numbers are Normative.

Table 7-2: High-speed Transmitter AC Specifications

Parameter Symbol Min Typ | Max Units Notes
Transmit CM AC V1x_cm_ac 30 +/- MVpeak 1,3
(50MHz-480MHz)

Transit rise and fall TRISE_FALL TRM 100 ps 1,3
time (20%-80%)
Transmit rise/fall 25 % 1,2
mismatch
Notes:
1) Defined under an ideal 80Q Rx differential termination with maximum supply voltage

2)
3)

variation.

Rise/fall mismatch = absolute delta of (rise —fall time) / (average of rise and fall time).
This parameter is informative, not normative.
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7.1.2 High-speed Rx Electrical Specification

Table 7-3: High-speed Receiver DC Specifications

Parameter Symbol Min Typ Max Units Notes
Receive common mode VRx_cMm 120 280 mV 1,4
range
Receive center-tapped Crx_cm 15 50 pF informative
capacitance
Receive sensitivity (peak VRx_DIF_SENS 60 +/-mV 4,5
differential)

Differential receiver Rrev piF 64 80 96 Q 2,4
termination
Differential receiver 72 80 88 Q 3,4
termination (repeater)
Squelch detect threshold V sQUELCH_DIF 60 110 mV 4
(peak differential)

Notes:

1) The number includes common mode variation due to Tx source impedance mismatch
and GND shall be within 4% of VCC of each other at all times on both receive and
transmit sites. However, it does not account for receiver AC common mode variation.

2) High-speed differential receiver termination for native mode operation only

3) A tighter termination tolerance is defined for repeater mode operation to minimize
accumulated jitter when propagating downstream through the repeater.

4) This parameter is normative.

5) Itis the minimum input amplitude a receiver can detect.

Table 7-4: High-speed Receiver AC Specifications

Parameter Symbol Min Typ Max Units Notes
Receiver AC common mode Vem_rx_Ac 60 +/-mVpk | informative
(50MHz-480MHz)

7.1.3 High-speed Signal Pad Capacitance Recommendation
Table 7-5: Capacitance (Informative)
Parameter Symbol Min | Typ | Max | Units Note
Tx Pad Capacitance Crx 2.5 pF
Rx Pad Capacitance Crx 2.5 pF
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7.1.4 High-speed Channel Requirement

Native mode and repeater mode channel topologies are shown in Figure 7-2 andFigure 7-3. The
informative specifications are summarized in Table 7-6.

Mated Connector (optional)

TX eD+

( o o RX eD+

[
\

>> o
RX eD-

Transceiver Package  Circuit Board Trace Package Transceiver

TX eD-

Figure 7-2: Native Mode Channel Topology

S

S

Board Trace Board Trace Walk-up
port

Figure 7-3: Repeater Mode Channel Topology

Table 7-6: Channel Specification (normative)

Parameter Symbol Min Typ | Max | Units | Note

Trace Differential Impedance ZoiFr 85 Q
Trace Differential Impedance A Zorr 15 %
Tolerance
Host-to-device insertion loss, Native ILnaTIVE -1.7 dB 1,2
Mode
Host-to-repeater insertion loss, ILH2rpT -1.2 dB 1,3
Repeater Mode
Repeater-to-connector insertion ILrPT2CON -2 dB 1,3
loss, Repeater Mode

Notes:

1) The number is specified at 240MHz frequency.
2) Refer to Figure 7-2 for the topology setup.
3) Refer to Figure 7-3 for the topology setup.
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7.1.5 High-speed Eye Diagram and Jitter Allocation

eUSB2 Host eUSB2 Native mode Device

Figure 7-4: Measurement Plane for Native Mode

HOST Device
eTP1 eTP2 TP1 P2 TP3 TP4 eTP3 eTP4
| ' [ ! I ! | i
I | I ! ! ! | |
I ! ! ! ! I
| |
I | 1 1
| ' | I d | i !
! | = SO I .
" .4
| ( USB Cable ) !
) Y
Transceiver A B Transceiver
Connector Connector
eUSB2 Host Host-Repeater Peripheral Repeater eUSB2 Device

Figure 7-5: Measurement Plane for Repeater Mode

Figure 7-6 defines 4 additional test planes' eTP1, eTP2, eTP3 & eTP4. Definition of TP2 and TP 3
remains the same as specified by USB2.0, section 7.1.2.2.

e eTP1land eTP2 are the points where the IC pins of the eUSB2 Host and eUSB2 host
repeater are respectively soldered to the circuit board.

o eTP3and eTP4 are the points where the IC pins of eUSB2 Repeater and eUSB2 Device
are respectively soldered to the circuit board.

Two additional templates have been defined by the eUSB2 specification. eUSB2jitter budgeting
assumes jitter at TP2 & TP 3 remain the same as defined in USB2.0. USB2.0 Templatel &
Template 4 are normative specifications. eUSB2 Template 1 & eUSB2 Template 2 are
informative specifications only during repeater mode. Conformance to eUSB2 Template 1 and 2
is required for eUSB2 Host and eUSB2 device in native mode.

eUSB2 Template 1: Transmit waveform requirement for an eUSB2 host measured at eTP1.
eUSB2 Template 2: Receiver sensitivity requirements for an eUSB2 device when signal is
applied at eTP2 (native mode) or eTP4 (repeater mode).

Notel: eUSB2 templates have been defined assuming signal flow where eUSB2 Host in transmit
mode is transmitting to eUSB2 device in receive mode. Host repeater’s eUSPh is in receiving
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mode & D+/D- side in transmit mode while Peripheral repeater’s eDSPp is in transmit mode &
D+/D- side is in receiving mode. Jitter allocation for a repeater is 50ps.

7.1.5.1 eUSB2Template 1

Figure 7-6 defines the setup for the simulation/measurement. The circuit board trace should be
kept less than one inch, and R.differential termination resistor should be 80kQ+/- 1% for
unterminated mode and 80Q +/- 1% for terminated mode.

Figure 7-7 shows the transmit waveform requirement for an eUSB2 host measured at eTP1. It
should be read together with Table 7-7 or Table 7-11 depending on the application. Table 7-8 and
Table 7-9 define V-T limits for un-terminated and terminated load respectively.

TX eD+

R L VTX_DIF

TX eD-

Transmitter Package Circuit Board Trace

Figure 7-6: High-speed Transmit Eye Diagram Test Setup

Table 7-7: High-speed Transmit Eye Test Load Definition

Termination R.
Terminated 80Q
Unterminated 80kQ

Note: for measurement at pin.

Point 3 Point 4
Point 1 Point 2
Point 5 Point 6

0% Unit Interval 100%

Figure 7-7: eUSB2 Template 1 Eye Mask
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Table 7-8: eUSB2 Template 1 V-T Table (Un-terminated)

80kQ test load

Voltage Level Time
(eD+ - eD-) (% of Ul)
Point 1 ov 10
Point 2 ov 90
Point 3 180mV 35
Point 4 180mV 65
Point 5 -180mV 35
Point 6 -180mV 65

Table 7-9: eUSB2 Template 1 V-T Table (Terminated)

80Q test load

Voltage Level Time
(eD+ - eD-) (% of Ul)
Point 1 ov 4
Paoint 2 oV 96
Point 3 150mV 35
Point 4 150mV 65
Point 5 -150mV 35
Point 6 -150mV 65
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7.1.5.2 eUSB2 Template 2

Receiver eye patterns specify the minimum and maximum limits, as well as limits on timing jitter,
measured at the 80Q) differential test load at the end of the channel. Figure 7-8 shows the
Receiver sensitivity requirements for an eUSB2 device when signal is applied at eTP2 (Native
mode), and for an eUSB2 device with repeater when signal is applied at eTP4 defines the V-T

limits of the eye mask.

Point 3 Point 4
Point 1 Point 2
Point 5 Point 6

0% Unit Interval 100%

Figure 7-8: eUSB2 Template 2 Eye Mask

Table 7-10: eUSB2 Template 2 V-T Table

Voltage Level Time
(eD+ - eD-) (% of UI)

Point 1 ov 21.2
Point 2 oV 79.8
Point 3 110mV 41.2
Point 4 110mV 58.8
Point 5 -110mV 41.2
Point 6 -110mV 58.8

7.1.5.3 High-speed Repeater Mode Jitter Allocation

USB2 Tx and Rx Eye Diagram compliance requirements dictate the total jitter allocation available
to the transmitter, repeater and the channel.

A redriver is recommended if the channel topology between the SoC and walk -up port is meeting
the specification outlined in section 6.1.4. For applications that require channel route beyond the
specification, a retimer is required.

A redriver is required to comply with Template 1 (in the case of host repeater) & Template 4 (in
the case of peripheral repeater) as defined in USB2.0, Section 6.1.2.2, when repeater signals
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either to upstream or downstream. A detailed system level Jitter Budget is given in Table 7-11.
The baseline for this jitter budget is maintaining the same jitter budget as TP2 & TP4 as defined
in USB2.0 Template 1 & Template 4. Note that this requirement does not apply to a retimer. A
retimer should be treated like a typical USB2.0 hub from jitter budgeting perspective.

Table 7-11: System Level Jitter Budgeting with Host & Peripheral Redriver

Jitter Source T] (ps) Ul (%) Note
eUSB2 Tx 166.5 8 1
Host Channel 96 4.6 2
Host-Redriver 50 2.4 3
USB Cable 312.5 15

Device Channel 208.3 10 2
Peripheral Redriver 50 2.4 3
Total 883.3 42.4 4,6

Notes:

grLOdDE

o

Silicon TXjitter budget is informative.
Channel jitter is informative.

Repeater jitter is normative and measured during test mode using Test Packet.

Total jitter at eTP4 is informative.

Total jitter at TP2 & TP3 is normative and complies with USB2.0 Template 1 & Template
3 as defined in USB2.0.

Receiver must tolerate an additional 2.4% jitter.
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7.2 Low-speed/Full-speed

Low-speed/Full-speed used single-ended CMOS signaling to communicate between the link
partners. A relatively loose source termination is required if compared to High-speed. The
receiver is un-terminated. Limits are defined for rise and fall time to avoid excessive overshoot
and undershoot obsened at both the transmitter and receiver end.

7.2.1 Full-speed/Low-speed Electrical Specification
Table 7-12: Low-speed /Full-speed DC Specifications for 1.0V +/- 10%

Parameter Symbol Min Typ Max Units Notes
Supply Voltage for VCC 0.9 1.0 1.1 Y 1,2
eD+/eD-

Transmit single- VoL 0.15x \%

ended output low VCC

Transmit single- Vo 0.85x VCC \%

ended output high VCC

Transmit output Rsrc Lsrs 28 60 Q 3

impedance

Input low woltage Vi -0.1 0.35* Y

VCC

Input high wltage Vi 0.65x 1.05x \Y
VCC VCC

Receive single-ended VHys 0.04 x V

hysteresis wltage VCC

Notes:

1) VCC shall be within 150 mV (15%) of each other at all times on both receive and transmit

sites

2) GND shall be within 40 mV (4%) of each other at all times on both receive and transmit sites
3) Shall be met up to VoL when driving low and above Von when driving high
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Table 7-13: Low-speed /Full-speed DC Specifications for 1.2V +/- 10%

Parameter Symbol Min Typ Max Units Notes
Supply Voltage for VCC 1.08 1.2 1.32 Vv 1,2
eD+/eD-

Transmit single- VoL 0.15x \Y,
ended output low VCC
Transmit single- Von 0.85x VCC \Y,
ended output high VCC
Transmit output Rsrc_LsFs 28 60 Q 3
impedance
Input low woltage Vi -0.1 0.35* Y
VCC
Input high woltage Vi 0.65x 1.05x \%
VCC VCC
Receive single-ended Vhys 0.04 x \%
hysteresis wltage VCC
Notes:
1) VCC shall be within 180 mV (15%) of each other at all times on both receive and transmit
sites

2) GND shall be within 48 mV (4%) of each other at all times on both receive and transmit sites
Shall be met up to VoL when driving low and above Vo when driving high
3) To get better system performance try to match termination impedance as close as possible

Table 7-14: Low-speed /Full-speed AC Specifications

Parameter Symbol Min Typ | Max Units Notes
Transmit rise and TRISE_FALL_TRM 2 6 ns 1
fall time (10%-90%)

Transmit rise/fall 25 % 2
mismatch
eUSB2to USB 2.0 Te_to_U_DJ1 -6.0 +6.0 ns 3

repeater FS jitter to
next transition

repeater FS paired Tpa2 -1.5 +1.5 ns 4
transition jitter in
both directions

eUSBr receiver FS TrRIR1 -15.5 +15.5 ns 5
jitter tolerance

Notes:

1) Measured with 2.5pF test load at eUSB2 device/eUSB2 repeater end and assuming 10-inch
channel trace in between eUSB2 Host and eUSB2 repeater/eUSB2 device.

2) Rise/fall mismatch = absolute delta of (rise — fall time) / (average of rise and fall time).

3) USB 2.0to eUSB2 repeater jitter to next transition follows USB 2.0 parameter THpJ1

4) Relaxed relative to THpJ2 defined by USB 2.0

5) = abs(Tir1)—abs(THpJ1) where Tir1 and THpJ1 are defined by USB 2.0
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7.3 Pull-down

A much stronger pull-down is defined for eUSB2 than USB2.0. Pull-downs are used during device
connect detect. It is also used to hold the line to ground when the link is idle.

Table 7-15: Host and Device Pull-up and Pull-down Specification

Parameter Symbol Min Typ Max Units Notes
Pull-down Rerp 4 10 kQ
7.4 Timing Specification
Table 7-16: Timing Specification
Parameter Symbol Tx Tx Rx Rx | Units Notes
Min Max | Min | Max

The amount of time Temszs 10 NA | NA pus | a) Thisis

that an active driver measured

shall remain idle for from end to

Back to back CM. start.
b) CM.RAP
included

The amount oftime | Tseo pr_LsFs 20 70 NA | NA ns

that an active driver

shall drive the wire

to transition from

non-SEO to SEO,

before letting the

weak pull-down to

hold the wire in SEO

idle, for low-speed

and full-speed

mode.

The amount of time Tseoprms |1 4 NA HS | a) Shall be

that an active driver Ul less than

shall drive the wire ThsiPpop

to transition from USB2.0.

non-SEO to SEO, b) Equal to

before letting the USB 2.0

hold the wire in SEOQO to natura”y

mode. SEO while
repeating.
¢) May be
driven by SE
TX or HS TX
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Parameter Symbol TX TX Rx Rx | Units Notes
Min Max | Min | Max

1X Start of Control Tem_se1_ax 4 4 FS | For

Message Ul CM.FS, CM.
L2 and
CM.RAP

8X Start of Control Tem_ser sx 32 32 FS | Only for

Message ul CM.Test and
CM.Reset.

Control message Tem_seo 4 4 FS

SEOQ interval ul

Control Message Tem_cik 2 2 FS

Internal Clock ul

Period

Start of messageto | Tor k se1 1x 4 4 FS | Link could be

drive K for wake or ul in LO during

resume if CM.L2 wake or

was not issued to resume.

repeater

Start of messageto | Tor k seL ex 32 32 FS | fUTMI+

drive K for wake or ul suspend is

resume if CM.L2 asserted and

was issued to CM.L2is

repeater sendto
repeater.

Time duration to end | Tconric_cmpL 1 |(LSu

Port/Repeater

Configuration upon

detecting ACK

Time duration for Texrsex 2 4 0.45 ms | 2ms needed

transmitting ESE1 for native

and declaring device to

reception of ESE1 announce
graceful
disconnect
while host is
in low power
state with
clocks off.

Idle (SEOQ) time after TconFic_bLE 1 LS Ul | Thisis

transmitting ESE1 or measured

Port/Repeater from the end

Configuration of ACK
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Parameter Symbol TX TX Rx Rx | Units Notes
Min Max | Min | Max

Time duration to TnATIVE_SEL 1 FS | Ashort

declare reception of ul duration to

SE1 for Native allow

mode declaring
SE1
reception and
subsequently
to block any
signal
transmission
to allow a
clean
detection of
euUsB2
protocol (i.e.
ESE1, CM
message)

Time duration for TNATIVE_ESEl 8 LS Ul

declaring reception

of ESEL1 for Native

mode

Time to detect HS Thspisc_se1 NA NA 16 50 HS | The reason

disconnect by ul for a short

eDSPr/eDSPnin LO receive
timing is to
ensure
disconnect
detection
within HS
IPG (88Uls)

Delay for eUSPh to Tbisc_pLy 32 HS | Together with

start signaling HS Ul | Thsoisc_set,

disconnect to eDSPr ensure

after end of uSOF disconnect
detection
within HS
IPG (88Uls)

Duration of all TstroBE 0.5 1.5 |0.01 ps Roughly 1-2

strobes. End of LS Ul

Reset and Resume
when going to HS,
end of Wake from
eUSPr, enable HS
term during chirp
from eUSPrand
reporting DP pull up
detection by
repeater.
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Parameter

Symbol

Tx
Min

TX
Max

Rx
Min

Rx
Max

Units

Notes

A setuptimeto
sample Digital Ping

Toring_su

0.75

FS
Ul

Bus turnaround
before analog ping

TTURNAROUND

12

24

10

HS
ul

Width of analog ping

TanALOGPING

HS
ul

RX timing is
meant as a
possible
received
width at the
output of
squelch
receiver (Not
as the input
to the eDSPn
receivers)

Differential Skew

Tse1 skew

500

600

pPS

a) Measured
at 50% cross-
over point

b) Rx minis a
guideline, not
a
requirement.

Time for peripheral
repeater to
recognize reset from
HStoFS

Ter_HS_RESET
_TOFS

NA

NA

64

128

us

After the end
of CM.FS, ifa
peripheral
repeater
detects its
DP pullup
beyond this
time, it will
declare reset
to FS instead
of L1or L2
from HS.
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Appendix A. Skew and Rise/Fall time Break-ups

The skew and rise/fall time break-up for Tse skew can be found below. Refer to Figure A-1 for

skew sources in the communication channel.
D | >
> . |Driver ED-I I
s
w_/ | I

Pre-driver

TX | Interconnect | RX

]LE]

{><,___
{>o___

Figure A-1: eUSB2 Driver and Interconnect

e Total skew: 340ps
o Total driver induced skew=270ps.
= Main driver induced skew=50ps + 60ps due to mismatch (+/- 3 sigma) =
110ps.
= Pre-driver + Clock path skew + mismatch = 100ps + 60ps = 160ps.
o Interconnect skew = 70ps (176 ps/inch FR4; or 70 ps/cm); Assuming 1cm
mismatchin the trace for 20cm trace width.

e The rise and fall times must be between the min and max of Trise_raL TrM (2NS and 6ns)
and matched to within max 25%. The following two cases show a 25% max matching for
rise and fall times that are at the min and the max of Trise_FaLL_TRM.

o Case 1l: eD+rise @4.8ns & eD-rise @6ns.
o Case2: eD+rise @2.5ps & eD- rise @2ns.
e Additional 160ps guard band assumed in current specification
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Appendix B. Hybrid Repeater

B.1. Introduction

This specification introduces the definition of a repeater. A repeater is a mode that translates
between eUSB2 signaling and USB2 signaling and contains an eUSB2 port and a USB2 port.
Section 2.5 refers to the combination of the two repeaters allowing two eUSB2 ports to
communicate with each other, with typically USB2.0 receptacles in the middle. Figure B.1-1 and
Figure B.1-2 illustrate such configurations.

eUSB2 USB2
Host eD+/eD- eUSB2-USB2 | ! p+/D-

SoC eDSPr eUSPh | Host Repeater

Legacy USB

Figure B.1-1. Single Repeater Configuration

eUsB2 USE2.0 eUsSB2
Host eD+/eD- eUsSB2-UsB2 D+/D- eggsg;llérsaslz eD+/eD- Peripheral
SoC eDSPr eUSPh | Host Repeater || UDSP  UUSP Repeater eDSPp  eUSPr SoC

Figure B.1-2. Two Repeater Configuration

This appendix addresses applications requiring two eUSB2 ports to communicate with each other
but not necessarily having traditional USB2/eUSB2 wired systems (like USB2 cables) between
the two eUSB2 interfaces. This could be active logic, optical, wireless, or other connections. The
configuration introduced here is called a Hybrid Repeater.

A Hybrid Repeater refers to a device hosting an upstream eUSB2 interface and a downstream
eUSB2 interface. The link between these two interfaces is implementation specific and beyond
the scope of this appendix. A Hybrid Repeater can be seamlessly connectedto eUSB2 repeaters
or ports configured in repeater mode. A simplified block diagram of eUSB2 Hybrid Repeater is
shown in Figure B.1-3.

Hybrid Repeater

eUsSB2 eUsB2
_ eD+eD- | Port Port _ | eD+/eD-
- > or == or - >
Repeater Repeater

Figure B.1-3. eUSB2 Hybrid Repeater Block Diagram
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B.2. Hybrid Repeater Architecture

A Hybrid Repeater is comprised of two eUSBr ports connected back to back through two re-
drivers and/or re-timers, as shown in the simplified block diagram in Figure B.2-1. Both the re-
drivers/re-timers translate eUSB2 control commands /packets to implementation specific
signaling. A Hybrid Repeater shall support all three data rates defined by USB2:

e Low Speed (LS) at 1.5 Mb/s
e Full Speed (FS) at 12 Mb/s
e High Speed (HS) at 480 Mb/s

Hybrid Repeater

1

1
eUSB2 | | eUSBr/ | | mapping Mapping | | @USBr/ | [ eUSB2 i
i : _ i i
Xceiver | [Repeater| [ | ogic Logic |[Repeater| | Xceiver | |
1

1

1

1

FSM FSM
eD+/eD-
&% ‘llll*

eD+/eD-

v

Figure B.2-1. Hybrid Repeater Architecture

B.3. Modes of Configuration

B.3.1. Configuration Definition

The eUSB2 Hybrid Repeater supports four different downstream and upstream port modes of the
configurations as shown in Figure B.3.1-1 through Figure B.3.1-4. Each port of a Hybrid Repeater
can be configured either as Upstream or as Downstream Port, or as a repeater enabling any mix
between eUSB2-capable and USB2-legacy Host and Devices.

_______________________________________________________________

elUSB2 Hybrid Repeater elUSB2
Host eD+/eD- eD+/eD- Device
eDSPr |« »cUSPh eDSF’p = » cUSPr

Figure B.3.1-1. Hybrid Repeater Configuration 1
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i VBus

i UHSBtQ Repeater| Hybrid Repeater eUSB2

| 0s D+/D- eD+/eD- eD+/eD- Device

i < »| eDSPp |« > cUSPr eDSPp |« » cUSPr

1

1

S— ond o e
Figure B.3.1-2. Hybrid Repeater Configuration 2

S —

! VBus

1| eUsB2 Hybrid Repeater Repeater USB2

1| Host eD+/eD- eD+/eD- D+/D- Device

| eDSPr |¢ »|cUSPh  eDSPr g »| eUSPh |g >

!

1

S vssussvssssasssssessys ) 1, Bl
Figure B.3.1-3. Hybrid Repeater Configuration 3

i VBus — — VBus  ——— i

1| usB2 Repeater Hybrid Repeater Repeater UsB2 |1

i Host D+/D- eD+/eD- eD+/eD- D+/D- Device |1

| “ »| cDSPp |« p{eUSPr  eDSPr | p{cUSPh 4 » i

i i

H 1

H 1

i Gnd Gnd |

Figure B.3.1-4. Hybrid Repeater Configuration 4

B.3.2. Hybrid Repeater operations

In each configuration, Hybrid Repeater port (eUSPh/eDSPp, eUSPr/eDSPp, eUSBh/eDSPr,
eUSBp/eDSPr) operation shall comply with the definitions in this specification. In HS mode, a
Hybrid Repeater is allowed to consume up to 8 SYNC bits on the exit from Squelch and add EOP
dribble up to 8 random (SEO or K or J) bit durations when repeating packets.
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B.4. Electrical specification

The eUSB2 repeater electrical specifications apply to the Hybrid Repeater in LS/FS and HS
modes with a precision for LS/FS AC specifications given in Section B.4.3. The measurement
planes and jitter allocation for a Hybrid Repeater are explained in this section.

B.4.1. Hybrid Repeater Measurement planes and Jitter Allocation

Figure B.4.1-1 and Figure B.4.1-2 define the measurement planes for a Hybrid Repeater in
configuration 1 and configurations 2, 3, 4 respectively.

eTP1 eTP2 eTP3 eTP4

Hybrid Repeater

eUSB2 Host eUSB2 Device

Figure B.4.1-1. Measurement Plane for a Hybrid Repeater (Configuration 1)

TP1 TP2 eTP4 eTP1l TP3 TP4
Hybrid
D+/D- eD+/eD- Repeater |eD+/eD- D+/D-
UsB2
U5B2 Host
conm ct USB2 Device
connector
Peripheral Host connector
Repeater Repeater

Figure B.4.1-2. Measurement Plane for a Hybrid Repeater (configuration 2, 3, 4)

Note, the placement of peripheral repeater and host repeater in Figure B.4.1-2 is in line with the
peripheral repeater and host repeater definition proposed in this specification (refer to Figure
B.3.1-4 for the port naming convention).

The definitions of TP2 and TP3 remain the same as specified by USB2.0 Section 7.1.2.2 - High-
speed Signaling Eye Patterns and Rise and Fall Time. eTP2 and eTP3in Figure B.4.1-1 as well
as eTP1 and eTP4 in Figure B.4.1-2 are the points where the IC pins of the Hybrid Repeater
ports are soldered to the circuit board.
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B.4.2. High-speed Hybrid Repeater Jitter Allocation

A detailed system level Jitter budget for the case when the Hybrid Repeater is a re-driver and
used in configuration 1 is given in Table B.4.2-1.

Table B.4.2-1: System Level Jitter Budgeting for Hybrid Repeater

Jitter source Tj (ps) Ul (%)
eUSB2Tx 166.5 8
Host Channel 96 4.6
Hybrid Repeater (re-driver) 412.5 19.8
Device channel 208.3 10
Total 883.3 42.4
Notes:

1. Hybrid Repeater jitter is informative and measured during test mode using a Test Packet.

2. The other modes of Hybrid Repeater configurations (configuration 2, 3 and 4), where
additional eUSB2 repeaters are connected to the Hybrid Repeater, shall conform to jitter
allocation defined in Section 7.1.5.3. When aretimer is used, it should also meet the

USB2 hub jitter budget described in Section 7.1.5.3.

3. When the Hybrid Repeater is implemented as a re-timer, it shall be treated as a typical
USB2.0 hub from a jitter budgeting perspective.

B.4.3. Low-Speed / Full-Speed AC Specifications

When applicable to a Hybrid Repeater, the Low-Speed /Full-Speed AC specifications defined in
earlier in this specification remain the same, with the following precision for the FS paired
transition jitter in both directions.

Table B.4.3-1: Hybrid Repeater Low-Speed / Full-Speed AC Specifications

Parameter

Symbol

Min

Typ

Max

Units

Notes

Hybrid Repeater
FS paired
transition jitter in
both directions

Toiz HR

-3

+3

ns

1

Notes:

1. In case of Hybrid Repeater, Tps. defined in the base Specification for repeater is
replaced by Toaz Hr

Page 162 of 162



