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1 

AUTOMATIC DOWNSTREAM TO 
UPSTREAM MODE SWITCHING AT A 

UNIVERSAL SERIAL BUS PHYSICAL LAYER 

BACKGROUND 

2 
these computing devices may be problematic to having 
additional USB ports that don't support the processor inten­
sive USB OTG protocol. 

In some examples, techniques are implemented for auto-
5 matic downstream to upstream mode switching at a USB 

physical (PHY) layer. For these examples, a processor 
circuit may monitor a first USB port for a first computing 
device. The first USB port may be operating in a down­
stream mode. A determination that a second USB port for a 

Computing devices typically include one or more Uni­
versal Serial Bus (USB) ports to couple to other computing 
devices. These USB ports may be operated or controlled in 
compliance with various USB technical standards or speci­
fications. For example, computing devices may include USB 
controllers to control the USB ports in accordance with the 
enhanced Host Controller Interface (eHCI) for USB speci­
fication, revision 1.0, published March 2002 or the exten­
sible Host Controller Interface (xHCI) for USB specifica­
tion, revision 1.0, published May 2010. The eHCI 
specification is commonly associated with USB controllers 
configured to operate according to the USB specification 
version 2.0 (USB2), published April 2000. The xHCI speci- 20 

fication is commonly associated with USB controllers con­
figured to operate according to the USB specification ver­
sion 3.0 (USB3), published November 2008. 

10 second computing device has attempted to attach to the first 
USB port operating in the downstream mode may be made. 
The second USB port may also be operating in the down­
stream mode. According to these examples, a switching 
structure at a PHY layer for the first USB port may be 

15 activated to switch the first USB port from operating in the 
downstream mode to operating in an upstream mode. An 
attachment of the first USB port operating in the upstream 
mode to the second USB port operating in the downstream 
mode may then be facilitated. 

FIG. 1 illustrates an example USB support system 100. As 
shown in FIG. 1, USB support system 100 includes a USB 
controller 110, upstream (US) protocol engine 120, down­
stream (DS) protocol engine 130, downstream (DS) routing 
logic 140, downstream (DS) port logic 150-1 to 150-n ("n" USB is based on a hierarchical communication protocol 

that includes host computing devices coupling to peripherals 
via USB ports configured to operate in a downstream mode. 
Meanwhile the peripherals couple to the host computing 
device via USB ports configured to operate in an upstream 
mode. The recent and rapid rise in the use of various portable 
or mobile computing devices such as notebooks, ultra 
mobile personal computers, tablets or smart phones has 
resulted in computing devices that may serve as a host 
computing device ( e.g., coupling to external storage or a 
printer) or a peripheral (e.g., syncing with a desktop or 
laptop computer). Additional USB ports and controllers with 
increased capabilities may be needed to allow for portable or 
mobile computing devices to serve as either a host or a 
peripheral device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an example USB support system. 
FIG. 2 illustrates a block diagram of an example archi-

tecture for a mode switch manager. 
FIG. 3 illustrates an example USB3 support system. 
FIG. 4 illustrates an example USB2 support system. 
FIG. 5 illustrates an example system to couple computing 

devices for debugging. 

25 equals any positive integer greater than 2), upstream (US) 
port logic 160 (although this disclosure is not limited to a 
single US port logic), switching structure 170, mode switch 
manager 180 and physical (PHY) interface 190-1 to 190-n. 
Also, as shown in FIG. 1, USB support system 100 includes 

30 communication charmel 102, communication charmels 104 
and communication charmels 106 coupling mode switch 
manager 180 to USB controller 110, switching structure 170 
and PHY interfaces 190-1 to 190n, respectively. USB sup­
port system 100, as shown in FIG. 1, has transaction layer 

35 105, link layer 115 and a physical (PHY) layer 125. 
According to some examples, as shown in FIG. 1, USB 

controller 110 includes upstream (US) dispatcher 112, 
downstream (DS) dispatcher 114 and register 116. These 
elements ofUSB controller 110 may operate in cooperation 

40 with elements ofUSB system 100 to control or manage both 
upstream and downstream communications (including data 
and control information) from USB ports Pl to Pn. In some 
examples, register 116 may be configured to at least tem­
porarily maintain USB port state or status information that 

45 may indicate whether a particular USB port (e.g., Pl) is in 
an active or inactive state. 

In some examples, US protocol engine 120 and DS 

FIG. 6 illustrates a flow chart of example operations for 50 

automatic downstream to upstream switching at a USB 
physical (PHY) layer. 

protocol engine 130 may facilitate upstream and down­
stream communications. For example, US protocol engine 
120 and DS protocol engine 130 may facilitate the assembly 
of data packets to be forward to elements at link layer 115. 
Also, US protocol engine 120 and DS protocol engine 130 
may disassemble data packets received from elements at link 
layer 115. 

FIG. 7 illustrates an example system for a computing 
device. 

DETAILED DESCRIPTION 

As contemplated in the present disclosure, additional 
USB ports and controllers with increased capabilities may 
be needed to allow for portable or mobile computing devices 
to serve as either a host or a peripheral device. One way this 
problem has been addressed is a solution known as USB 
On-The-Go or USB OTG. However, USB OTG may require 
USB controllers to have enhanced capabilities. Also, por­
table computing devices may be excessively burdened to 
support USB OTG due to implementing a possibly resource­
intensive USB OTG protocol. Further, limited space on 

55 According to some examples, as shown in FIG. 1, USB 
support system 100 includes DS routing logic 140, DS port 
logic 150-1 to 150-n for USB ports Pl to Pn and US port 
logic 160 at link layer 115. For these examples, a plurality 
of USB ports Pl to Pn may be configured to operate in a 

60 downstream mode (e.g., as a host) and may route down­
stream communications ( e.g., to peripheral(s )) through PHY 
interfaces 190-1 to 190-n. Thus, DS routing logic 140 may 
be configured to cooperate with one of DS port logic 150-1 
to 150-n to route these downstream communications through 

65 a given USB port. However, for these examples, a single US 
port logic 160 may be configured to operate in an upstream 
mode (e.g., as a peripheral) to indicate that a computing 
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3 

device having USB support system 100 may need to utilize 
just a single USB port to handle upstream communications 
(e.g., from a host) received from one of PHY interfaces 
190-1 to 190-n. Both downstream and upstream communi­
cations, for example, separately include transmitting (Tx) 
and receiving (Rx) communication links. 

4 
ments ofUSB controller 110 may be operated in accordance 
with the eHCI for USB specification and/or the xHCI for 
USB specification. Also, PHY interfaces 190-1 to 190-n may 
be operated in accordance with all progenies and variants of 

5 the PCI Express and USB 3.0 Architectures (PIPE3) speci­
fication, revision 3.0 published March 2009 the USB Trans­
ceiver Macrocell Interface (UTMI) specification, version 
1.05, published March 2001 or the USB Low Pin Interface 

In some examples, as described in more detail below, 
switching structure 170 located at physical layer 125 may be 
configured to enable mode switch manager 180 to switch a 
given USB port (e.g., USB port Pl) operating in a down- 10 

stream mode to an upstream mode. For these examples, 
switching structure 170 may include switching elements 
such a multiplexors and associated control signal paths to 
enable automatic downstream to upstream mode switching 

(ULPI) specification, revision 1.1, published October 2004. 
In some examples, USB support system 100 may be 

included in a computing device. Examples of a computing 
device may include a desktop computer, personal computer 
(PC), laptop computer, ultra-mobile computer, tablet, touch 
pad, portable computer, handheld computer, palmtop com-

for the given USB port at PHY layer 125. Automatic 
downstream to upstream mode switching at PHY layer 125, 
for example, may allow USB support system 100 to enable 
a computing device to selectively become either a host or 
peripheral using hardware-based and/or firmware-based ele­
ments. 

According to some examples, mode switch manager 180 
may include logic and/or features configured to monitor a 
USB port such as USB port 1. For these examples, USB port 
Pl may be operating in a downstream mode for a first 
computing device (not shown). As described more below, 
switch manager 180 may determine that a USB port for a 
second computing device (also not shown) has attempted to 
attach to USB port Pl based on port state information 
maintained at a register (e.g., register 116 obtained via 
communication channel 102) or based on signals observed 
from a PHY interface for USB port Pl (e.g., PHY interface 
190-1 received via communication channels 106). The port 
state information may indicate that the second computing 
device was attempting to attach as a host computing device. 
For example, the USB port for the second computing device 
may be operating in a similar or the same downstream mode 
to the downstream operating mode of USB port Pl. 

In some examples, mode switch manager 180 may 
include logic and/or features configured to activate elements 
of switching structure 170 to switch USB port Pl from 
operating in the downstream mode to operating in an 
upstream mode. For these examples, mode switch manager 
180 may utilize one or more communication channels (e.g., 
communication channels 104) to initiate or cause the mode 
switch. Switch manager 180 may also include logic and/or 
features to utilize additional communication channels ( e.g., 
communication channels 106) to initiate or cause the mode 
switch through control signals forwarded to a PHY interface 
for USB port Pl that is shown in FIG. 1 as PHY interface 
190-1. 

15 puter, personal digital assistant (PDA), cellular telephone, 
combination cellular telephone/PDA, television, smart 
device (e.g., smart phone, smart tablet or smart television), 
mobile internet device (MID), messaging device, data com­
munication device, and so forth. 

20 FIG. 2 illustrates a block diagram of an example archi-
tecture for mode switch manager 180. As described above 
for FIG. 1, a USB support system for a computing device 
such as USB support system 100 may include mode switch 
manager 180. In some examples, mode switch manager 180 

25 includes features and/or logic configured or arranged for 
automatic downstream to upstream mode switching at a 
USB PHY layer including activating a switching structure to 
switch a USB port operating in a downstream mode to an 
upstream mode based on an attempted attachment by 

30 another USB port also operating in a downstream mode. 
The example mode switch manager 180 of FIG. 2, 

includes switch logic 210, control logic 220, a memory 230 
and input/output (I/0) interfaces 240. As illustrated in FIG. 
2, Switch logic 210 may be coupled to control logic 220, 

35 memory 230 and I/0 interfaces 240. Switch logic 210 may 
include one or more of a monitor feature 212, a mux feature 
214, a signal feature 216, or a physical (PHY) interface 
feature 218, or any reasonable combination thereof. 

In some examples, the elements portrayed in FIG. 2 are 
40 configured to support or enable mode switch manager 180 as 

described in this disclosure. A given mode switch manager 
180 may include some, all or more elements than those 
depicted in FIG. 2. For example, switch logic 210 and 
control logic 220 may separately or collectively represent a 

45 wide variety of logic device(s) or executable content to 
implement the features of mode switch manager 180. 
Example logic devices may include one or more of a 
microprocessor, a microcontroller, a process circuit, a field 
programmable gate array (FPGA), an application specific 

50 integrated circuit (ASIC), a sequestered thread or a core of 
a multi-core/multi-threaded microprocessor or a combina­
tion thereof. 

According to some examples, mode switch manager 180 
may include logic and/or features configured to facilitate 
attachment of USB port Pl now operating in the upstream 
mode to the USB port for the second computing device 
operating in the downstream mode. For these examples, 55 

mode switch manager 180 may forward control signals to 
PHY interface 190-1 that may cause USB port Pl to appear 

In some examples, as shown in FIG. 2, switch logic 210 
includes monitor feature 212, mux feature 214, signal fea­
ture 216, or PHY interface feature 218. Switch logic 210 
may be configured to use one or more of these features to 
perform operations. For example, monitor feature 212 may 
monitor one or more USB ports for a first computing device 
to determine whether a second USB port for a second 

to the USB port for the second computing device as a new 
attachment. For this new attachment, USB port Pl may 
appear as a USB port operating in the upstream mode. 60 computing device is attempting to attach to one of the one 

or more USB ports. Monitor feature 212 may also detect 
detachments and whether the first computing device is 
powering down. Mux feature 214, for example, may gen-

In some examples, elements ofUSB support system 100 
may operate in compliance with the both progenies and 
variants of the USB specification (e.g., USB 3.0 or USB 
2.0). Also, elements such as USB controller 110 at transac­
tion layer 105 or PHY interfaces 190-1 to 190-n at PHY 65 

layer 125 may operate according to various specifications 
associated with the USB specification. For example, ele-

erate mux select signals to activate elements of a switching 
structure to cause the first USB port to switch between 
operating in a downstream mode or operating in an upstream 
mode. Signal feature 216 may generate signals to facilitate 
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attachment of the first USB port to the second USB port for 
the second computing device. PHY interface feature 218 
may also generate signals to also facilitate attachment of the 
first USB port to the second USB port. 

In some examples, control logic 220 may be configured to 5 

control the overall operation of mode switch manager 180. 
As mentioned above, control logic 220 may represent any of 
a wide variety of logic device(s) or executable content. For 
some examples, control logic 220 may be configured to 
operate in conjunction with executable content or instruc- 10 

tions to implement the control of mode switch manager 180. 
In some alternate examples, the features and functionality of 
control logic 220 may be implemented within switch logic 
210. 

6 
information for USB ports Pl to Pn. The port state or status 
information, for example, may indicate whether a particular 
USB port (e.g., Pl) is in an active or inactive state. Mode 
switch manager 180 may include logic and/or features 
configured to access register 316 to obtain port state infor­
mation for USB ports Pl to Pn via communication channel 
302. Communication channel 302 is depicted in FIG. 3 as a 
solid line running between mode switch manager 180 and 
USB3 controller 310. 

In some examples, US SS PE 320, DS SS PE 330, DS 
route logic 340, DS PL 350-1 to 350-n and US PL 360 may 
operate similar to protocol engines, route logic and port 
logic described above for FIG. 1. As mentioned above for 
FIG. 1, USB ports Pl to Pn may be configured to operate in 

According to some examples, memory 230 may be 
arranged to store executable content or instructions for use 

15 either a downstream or upstream mode and in some 
examples, US SS PE 320, DS SS PE 330, DS route logic 
340, DS PL 350-1 to 350-n and US PL 360 may assist in the 
routing of upstream or downstream communications at link 

by control logic 220 and/or switch logic 210. The executable 
content or instructions may be used to implement or activate 
features or elements of mode switch manager 180. As 
described more below, memory 230 may also be arranged to 20 

at least temporarily maintain information associated with 
USB port operating modes or USB port states. 

Memory 230 may include a wide variety of memory 
media including, but not limited to, one or more of volatile 
memory, non-volatile memory, flash memory, program- 25 

mable variables or states, random access memory (RAM), 
read-only memory (ROM), or other static or dynamic stor-
age media. 

layer 315 or transaction layer 305. 
According to some examples, PHY interfaces 390-1 to 

390-n may be operated in accordance with the PIPE3 
specification. PHY interfaces 390-1 to 390-n, for example, 
may assist in the routing of upstream or downstream com­
munications at PHY layer 325. 

According to some examples, as shown in FIG. 3, switch-
ing structure 370 includes a plurality of multiplexors 
coupled to Tx and Rx communication links between DS PL 
350-1 to 350-n, US PL 360 and PHY interfaces 390-1 to 
390-n. These Tx and Rx communication links are depicted 

30 in FIG. 3 as solid lines having directional arrows. Mode 
switch manager 180 may include logic and/or features 
configured to relay signals to the multiplexors of switching 
structure 370 via communication channels 304. Communi­
cation channels 304 are depicted in FIG. 4 as dotted lines 

In some examples, I/O interfaces 240 may provide an 
interface via a local communication medium or link between 
mode switch manager 180 and elements of USB support 
system 100 depicted in FIG. 1. I/O interfaces 240 may 
include interfaces that operate according to various commu­
nication protocols or standards to communicate over the 
local communication medium or link. These communication 
protocols or standards may be described in one or one or 
more industry standards (including progenies and variants) 
such as those associated with the Inter-Integrated Circuit 
(I2C) specification or the System Management Bus (SMBus) 
specification. Also, I/O interfaces 240 may operate accord- 40 

ing to custom or proprietary communication protocols. 

35 running between mode switch manager 180 and elements in 
switching structure 370. 

FIG. 3 illustrates an example USB3 Super Speed support 
system 300. In some examples, USB3 Super Speed support 
system 300 may operate in accordance with the USB speci­
fication version 3.0. Similar to USB support system 100 in 45 

FIG. 1, USB3 Super Speed support system 300 includes a 
USB controller 310, US Super Speed (SS) protocol engine 
(PE) 320, DS Super Speed (SS) protocol engine (PE) 330, 
DS route logic 340, DS port logic (PL) 350-1 to 350-n and 
US port logic (PL) 360, switching structure 370, mode 50 

switch manager 180 and physical (PHY) interface 390-1 to 
390-n. Also, as shown in FIG. 3, USB3 Super Speed support 
system 300 includes communication channel 302, commu­
nication channels 304 and communication channels 306 
coupling mode switch manager 180 to USB controller 310, 55 

switching structure 370 and PHY interfaces 390-1 to 390n, 
respectively. USB3 Super Speed support system 300, as 
shown in FIG. 3, has transaction layer 305, link layer 315 
and a physical (PHY) layer 325. 

According to some examples, elements ofUSB controller 60 

310 may be operated in accordance with the xHCI for USB 
specification or any other controller specification capable of 
managing USB3 Super Speed. These elements of USB 
controller 310, for example, may include US dispatcher 312, 
DS dispatcher 314 and register 316. For these examples, 65 

register 316 may be a port status and control (PORTSC) 
register to at least temporarily maintain port state or status 

In some examples, mode switch manager 180 may 
include logic and/or features configured to relay signals to 
PHY interfaces 390-1 to 390-n via communication charmels 
306 to facilitate attachment of other computing devices to 
the computing device having USB3 Super Speed support 
system 300. Communication channels 306 are depicted in 
FIG. 3 as mixed dotted-dash lines running between mode 
switch manager 180 and PHY interfaces 390-1 to 390-n. 

According to some examples, for USB3 Super Speed 
support system 300 an initial operating mode for USB ports 
Pl to Pn may be a downstream operating mode (host role). 
For these examples, a system power reset for a computing 
device or chip having USB3 support system 300 may occur. 
If another computing device having a USB port operating in 
an upstream mode (peripheral role) attempts to attach to one 
ofUSB ports Pl to Pn, then an attachment negotiation may 
occur as defined in the USB3 specification. Therefore, in an 
initial downstream to upstream scenario, no mode switches 
occurs for USB ports Pl to Pn. 

In some examples, another computing device having a 
USB port operating in a downstream mode (host role) 
attempts to attach to one of USB ports Pl to Pn. An 
operating mode switch or role reversal may occur for the 
USB port via which the other computing device is attempt­
ing to attach. For these examples, USB port Pl may be the 
downstream operating USB port of USB3 support system 
300 via which the other computing device attempts to attach. 
In accordance with the USB3 specification, USB controller 
310 may include logic and/or features to detect an attach­
ment at USB port Pl and USB controller 310 may initiate a 
link training sequence with the USB port for the other 
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computing device. Upon successful link training, a link 
training and status state machine (LTSSM) associated with 
USB port Pl and the USB port for the other computing 
device may enter a state identified in the USB3 specification 

8 
Based on the USB port for the other computing device and 

USB port Pl entering the U0 state, each port will again 
exchange port capability link management packets (LMPs). 
However, this time around USB port Pl indicates the 
upstream operating mode. For these examples, the USB port 
for the other computing device operating in the downstream 
mode and USB port Pl switched to now operate in the 
upstream mode leads to a successful configuration. 

According to some examples, responsive to detection of 
a detachment of the USB port for the other computing 
device, USB port Pl may be reset back to the downstream 
mode of operation. For example, mode switch manager 180 
may generate mux select signals to the multiplexor coupled 

as an U0 state. This state for USB port Pl, for example, may 5 

be indicated in register 316. Once in the U0 state, USB 
controller 310 may send a port capability link management 
packet (LMP) indicating USB port Pl 's downstream oper­
ating mode and receives a similar LMP from the other 
computing device. Since both ports are operating in the 10 

downstream mode, according to the USB3 specification, a 
successful link configuration is not possible. The LTSSM 
may now change the status of USB port Pl from U0 to an 
inactive state. The indication of the inactive state may be 
indicated in register 316. 15 to US PL 360 and to a multiplexor coupled to DS PL 150-1 

to switch USB port Pl back to operating in the downstream 
mode. 

According to some examples, mode switch manager 180 
in cooperation with switching structure 370 may implement 
various example operations shown in FIG. 3 as 3.1 to 3.5 to 
enact automatic mode switching at USB port Pl. For these 
examples, USB port Pl may be switched from the down- 20 

stream operating mode to an upstream operating mode to 
enable a successful link configuration with the USB port of 
the other computing device. 

Beginning at example operation 3.1, mode switch man­
ager 180 may monitor register 316 for an indication that a 25 

USB port from among USB ports Pl to Pn has entered an 
inactive state. This monitoring may occur via communica­
tion channel 302. As mentioned above, USB port Pl has 
entered an inactive state following an unsuccessful attempt 
by the USB port for the other computing device to attach to 30 

USB port Pl. 
Moving to example operation 3.2, mode switch manager 

180 may detect the change in the state to the inactive state 
and responsive to the inactive state may generate mux select 
signals to a multiplexor coupled to US PL 360 and to a 35 

multiplexor coupled to DS PL 150-1. The mux select sig­
nals, for example, causes elements of USB controller 310, 
US SS PE 320, US PL 360 and PHY interface 390-1 to all 
now treat USB port Pl as operating in an upstream mode. 
Thus USB port Pl has been switched from operating in the 40 

downstream mode to now operating in an upstream mode 
Also, during the time of operation 3.2, mode switch 

manager 180 implements example operation 3.3 and moni­
tors PowerDown [1 :OJ and the TxDetectRx signals at the Tx 
link coupling USB port PO to PHY interface 390-1. In some 45 

examples, when Power Down is set to 11 b or 1 Ob and the 
TxDetectRx is asserted, mode switch manager 180 imple­
ments example operation 3.4 and drives PhyStatus to 1 band 
the RxStatus to 000b. For these examples, according to the 
PIPE3 specification, driving PhyStatus to lb and the RxSta- 50 

tus to 000b indicates to the other computing device that no 
receiver is detected. 

In some examples, mode switch manager 180 may then 
implement example operation 3.5 by sending a signal to 
PHY interface 390-1 to drive RxTermination to Ob for a 55 

period of time (e.g., 12 milliseconds (ms)). The period of 
time may be based on an amount of time via which the other 
computing device determines that USB port Pl has powered 
down or become detached. After the period of time has 
expired, mode switch manger 180 stops driving RxTermi- 60 

nation to Ob and this causes DS SS PE 330 to drive 

FIG. 4 illustrates an example USB2 support system 400. 
In some examples, USB2 support system 400 may operate 
in accordance with the USB specification version 2.0. Simi­
lar to USB support system 100 in FIG. 1 and USB3 Super 
Speed support system 300 in FIG. 3, USB2 support system 
400 includes a USB controller 410, US USB2 protocol 
engine (PE) 420, DS USB2 protocol engine (PE) 430, DS 
route logic 440, DS port logic (PL) 450-1 to 450-n and US 
port logic (PL) 460, switching structure 470, mode switch 
manager 180 and physical (PHY) interface 490-1 to 490-n. 
Also, as shown in FIG. 4, USB2 support system 400 
includes communication channel 402 and communication 
channels 404 coupling mode switch manager 180 to switch­
ing structure 470 and PHY interfaces 490-1 to 490n, respec­
tively. USB2 support system 400, as shown in FIG. 4, has 
transaction layer 405, link layer 415 and a physical (PHY) 
layer 425. 

According to some examples, elements ofUSB controller 
410 may be operated in accordance with the xHCI for USB 
specification, the eHCI for USB specification or any other 
USB controller specification capable of managing USB2. 
These elements ofUSB2 controller 410, for example, may 
include US dispatcher 412 and DS dispatcher 414. 

In some examples, US USB2 PE 420, DS USB2 PE 430, 
DS route logic 440, DS PL 450-1 to 450-n and US PL 460 
may operate similar to protocol engines, route logic and port 
logic described above for FIGS. 1 and 3. As mentioned 
above for FIGS. 1 and 3, USB ports Pl to Pn may configured 
to operate in either a downstream or upstream mode and in 
some examples, US USB2 PE 420, DS USB2 PE 430, DS 
route logic 440, DS PL 450-1 to 450-n and US PL 460 may 
assist in the routing of upstream or downstream communi­
cations at link layer 415 or transaction layer 405. 

According to some examples, PHY interfaces 490-1 to 
490-n may be operated in accordance with the UTMI 
specification or the ULPI specification. PHY interfaces 
490-1 to 490-n, for example, may assist in the routing of 
upstream or downstream communications at PHY layer 425. 

According to some examples, as shown in FIG. 4, switch­
ing structure 470 includes a plurality of multiplexors 
coupled to Tx and Rx communication links between DS PL 
450-1 to 450-n, US PL 460 and PHY interfaces 490-1 to 
490-n. These Tx and Rx communication links are depicted 
in FIG. 4 as solid lines having directional arrows. Mode 
switch manager 180 may include logic and/or features 
configured to relay signals to the multiplexors of switching 
structure 470 via communication channels 404. Communi-

RxTermination to 1 b. The other computing device, for 
example, interprets the Rx Termination of 1 b as a new 
attachment via USB port Pl and a link training sequence is 
started again. After a successful link training, both the USB 
port for the other computing device and USB port Pl may 
enter the U0 state again. 

65 cation channels 404 are depicted in FIG. 4 as dotted lines 
running between mode switch manager 180 and elements in 
switching structure 470. 
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In some examples, mode switch manager 180 may 
include logic and/or features configured to relay signals to 
and from PHY interfaces 490-1 to 490-n via communication 
channels 406 to either detect or facilitate attachment of other 

10 
this type of system may configured to allow a mode switch 
manager 180 to activate a switching structure similar to 
either switching structure 370 or 470 to enable automatic 

computing devices to the computing device having USB2 5 

support system 400. Communication channels 406 are 
depicted in FIG. 4 as mixed dotted-dash lines running 
between mode switch manager 180 and PHY interfaces 
490-1 to 490-n. 

downstream to upstream operating mode switching for the 
given USB port. 

FIG. 5 illustrates an example system 500 to couple 
computing devices for debugging. As shown in FIG. 5, 
system 500 includes computing device 510 (Debug Host) 
and computing device 520 (Debug Target). In some 

According to some examples, mode switch manager 180 10 examples, computing device 510 includes USB ports 512 
and computing device 520 includes ports 522. As shown in 
FIG. 5, computing device 510 is coupled to peripheral 
computing devices 515 and 525 via USB ports Pl and Pn of 
USB ports 512. Also, computing device 520 is coupled to 

in cooperation with switching structure 470 may implement 
various example operations shown in FIG. 4 as 4.1 to 4.7 to 
enact automatic mode switching of a USB port from among 
USB ports Pl to Pn. Beginning at example operation 4.1, 
mode switch manager 180 may drive a power signal line 
identified in the UTMI specification or the ULPI specifica­
tion as VBus (not shown) for a period of time while also 
pulling down D+/D- pull-up/pull-down resistors (not 
shown) maintained at PHY interface 490-2. While mode 
switch manager 180 is implementing example operation 4.1, 
mode switch manager 180 may also implement example 
process 4.2 to monitor D+/D- lane states for all unconnected 
ports from among USB ports Pl to Pn. In some examples, 
mode switch manager 180 may be monitoring the D+/D­
lane states to determine whether a USB port for another 25 

computing device is attempting to attach as a peripheral 
(e.g., operating in an upstream mode) to one ofUSB ports 

15 peripheral computing devices 535 and 545 via USB ports P2 
and Pn of USB ports 522. FIG. 5 also depicts computing 
device 510 coupled to computing device 520 via USB 
connector 530. For these examples, USB ports 512 and USB 
ports 522 may all be initially operating in a downstream 

20 mode. 
In some examples, computing devices 510 and 520 may 

separately include a USB3 controller similar to USB3 con­
troller 310 described for FIG. 3. For these examples, the 
USB3 controller may operate in accordance with the xHCI 
specification. The xHCI specification defines a Super Speed 
(SS) USB Debug Capability (DbC) feature that enables 
low-level system debug over a USB coupling between two 
computing devices. Computing device 510, for example, 
may be identified as the Debug Host (e.g., no debug capa-

Pl to Pn. 
In some examples, example operation 4.3 may be imple­

mented if mode switch manager 180 detects an attachment 
of an upstream operating USB port for another computing 
device (e.g., to USB port P2). For example operation 4.3, 
mode switch manager 180 may generate mux select signals 
to a multiplexor coupled to US PL 460 and to a multiplexor 
coupled to DS PL 450-1 to have USB port P2 operate in a 
downstream mode (host role). For these examples, USB port 
P2 may continue operating in the downstream mode until the 
other computing device detaches. 

In alternative examples, mode switch manager 180 may 
implement example process 4.4 when a peripheral device 
(USB port operating in upstream mode) is not detected. 
Mode switch manager 180 may stop driving VBus while still 
enabling D+/D- pull-up/pull-down resistors at PHY Inter­
faces 490-1 to 490-n. While implementing example process 
4.4, mode switch manager 180 also implements example 
process 4.5 and monitors VBus states at PHY Interfaces 
490-1 to 490n. For these examples, mode switch manager 
180 may detect that VBus is present or driven for a PHY 
Interface associated with one of USB ports Pl to Pn, e.g. 
PHY interface 490-2 for USB port P2. In this case, mode 
switch manager 180 implements example operation 4.6 and 
generates mux select signals to the multiplexor coupled to 
US PL 460 and to the multiplexor coupled to DS PL 450-2 
to have USB port P2 operate in an upstream mode (periph­
eral role). Mode switch manager 180 may then implement 
example operation 4.7 to relay signals to the multiplexor 
coupled to DS PL 450-2 and to PHY interface 490-2 to make 
it appear that USB port P2 is an unconnected downstream 
port. However, as mentioned above, USB port P2 is actually 
operating in an upstream mode of operation. 

According to some examples, a USB support system 
combining both the elements ofUSB3 Super Speed support 
system 300 and USB2 support system 400 may be included 
in a computing device. For these examples, a given USB 
port for this type of system may have logic and/or features 
to support either USB3 or USB2 attachments to a USB port 
for another computing device. Also, logic and/or features of 

30 bility or debug capability is disabled) and computing device 
520 may be a Debug Target (debug capability enabled). 

According to some examples, the DbC feature may be 
implemented at system 500 by first automatically enabling 
the DbC function on the first computing device that detects 

35 an attachment of a USB port from another computing device 
operating in a downstream mode. For these examples, 
computing device 520 may detect an attempted attachment 
of a USB port P2 of computing device 510. Since as 
mentioned above, USB ports 512 of computing device 510 

40 are operating in a downstream mode, computing device 520 
enables its DbC function. Once the DbC function is enabled, 
computing device 520 may become the Debug Target and 
computing device 510 may become the Debug Host. 

In some examples, the USB3 support system for comput-
45 ing device 520 may automatically switch the operating mode 

of USB port P2 from a downstream mode to an upstream 
mode. The automatic switching of USB port P2 from a 
downstream mode to an upstream mode may enable low­
level system debugging over the USB coupling between 

50 computing device 510 and computing device 520 
FIG. 6 illustrates a flow chart of example operations for 

automatic downstream to upstream switching at a USB PHY 
layer. In some examples, elements of USB support system 
100, USB3 Super Speed support system 300 or USB2 

55 support system 200 as shown in FIGS. 1, 3 and 4 may be 
used to illustrate example operations related to the flow chart 
depicted in FIG. 6. Mode switch manager 180 as shown in 
FIGS. 1-4 may also be used to illustrate the example 
operations. But the described operations are not limited to 

60 implementations on the above-mentioned USB support sys­
tems or to mode switch manager 180. 

Moving from the start to block 610 (Monitor USB Port), 
mode switch manager 180 may include logic and/or features 
configured to monitor (e.g., via monitor feature 212) one or 

65 more USB ports for a first computing device. In some 
examples, mode switch manager 180 may monitor a register 
maintained by a USB controller. In other examples, mode 
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switch manager 180 may monitor VBus states at PHY 
interfaces (e.g., PHY interfaces 490-1 to 490-n) associated 
with the one or more USB ports. 

Moving from block 610 to decision block 620 (Attach­
ment Detected?), mode switch manager 180 may include 
logic and/or features configured to determine whether a 
downstream operating USB port for a second computing 
device has attempted to attach to a first USB port from 
among the one or more USB ports for the first computing 
device. In some examples, an indication of an attachment 
may be included in the register maintained by the USB 
controller. In other examples, an indication of an attachment 
may be based on the USB port for the second computing 
device detected as driving the VBus for the PHY interface 
associated with the first USB port. If attachment is detected, 
the process moves to block 630. Otherwise, the process 
moves back to block 610. 

Moving from decision block 620 to block 630 (Activate 
Switching Structure to Switch Modes), mode switch man­
ager 180 may include logic and/or features configured to 
activate (e.g., via mux feature 214) a switching structure at 
the PHY layer for the first USB port. In some examples, the 
switching structure may include multiplexors as described 
for switching structures 370 and 470. For these examples, 
mode switch manager 180 may generate mux select signals 
to cause the first USB port to switch from operating in a 
downstream mode to operate in an upstream mode. 

12 
USB port for subsequent attempts by another USB port for 
another computing device to attach to the first USB port. 

Proceeding from any block of the flow to decision block 
670 (System Power Down?), mode switch manager 180 may 

5 include logic and/or features configured to detect whether 
either the first computing device or the USB support system 
for the first computing device is powering down (e.g., via 
monitor feature 212). In some examples, if a powering down 
is detected the process comes to an end. Otherwise, the 

10 process stays in the current block of the flow. 
FIG. 7 is a diagram of an example system 700 for a 

computing device. In particular, FIG. 7 is a diagram showing 
a system 700, which may include various elements. For 
instance, FIG. 7 shows that system 700 may include a 

15 processor 702, a chipset 704, an input/output (I/O) device 
706, a random access memory (RAM) (such as dynamic 
RAM (DRAM)) 708, and a read only memory (ROM) 710, 
and various platform components 717 ( e.g., a fan, a cross­
flow blower, a heat sink, DTM system, cooling system, 

20 housing, vents, and so forth). These elements may be 
implemented in hardware, software, firmware, or any com­
bination thereof. The embodiments, however, are not limited 
to these elements. 

As shown in FIG. 7, I/O device 706, RAM 708, and ROM 
25 710 are coupled to processor 702 by way of chipset 704. 

Chipset 704 may be coupled to processor 702 by a bus 712. 
Accordingly, bus 712 may include multiple lines. In various 
examples, chipset 704 may be integrated or packaged with 

Proceeding from block 630 to block 640 (Facilitate 
Attachment), mode switch manager 180 may include logic 30 

and/or features configured to facilitate an attachment. In 
some examples, the attachment may be with the USB port 

processor 702. Other examples are described and claimed. 
Processor 702 may be a central processing unit including 

one or more processor cores and may have any number of 
processors including any number of processor cores. The 
processor 702 may include any type of processing unit, such 
as, for example, CPU, multi-processing unit, a reduced 

for the second computing device to the first USB port now 
operating in the downstream mode. For some of these 
examples, mode switch manager 180 may drive signals ( e.g., 
via signal feature 216) via communication channels (e.g., 
communication channels 306) coupled to a Tx link coupling 
the first USB port to its corresponding PHY interface to 
indicate that no receiver is detected. Mode switch manager 
180 may also send a signal (e.g., via PHY interface feature 
218) to the corresponding PHY interface that may lead the 
second computing device to determine that the first USB 
port appears to have detached from its downstream operat-
ing USB port. Mode switch manager 180 may then remove 
the signal and now make it seem that the first USB port is 
attempting a new attachment. But this time the first USB 
port is operating in an upstream mode and this may lead to 
a successful coupling with the downstream operating USB 
port for the second computing device. 

Proceeding from block 640 to block 650 (Port Operation 
in Upstream Mode), the first USB port may then be operated 
in an upstream mode (e.g., as a peripheral). 

35 instruction set computer (RISC), a processor that have a 
pipeline, a complex instruction set computer (CISC), digital 
signal processor (DSP), and so forth. 

Although not shown, the system 700 may include various 
interface circuits, such as an Ethernet interface and/or a 

40 Universal Serial Bus (USB) interface, and/or the like. In 
some exemplary embodiments, the I/O device 706 may 
include one or more input devices connected to interface 
circuits for entering data and commands into the system 700. 
For example, the input devices may include a keyboard, 

45 mouse, touch screen, track pad, track ball, isopoint, a voice 
recognition system, and/or the like. Similarly, the I/O device 
706 may include one or more output devices connected to 
the interface circuits for outputting information to an opera­
tor. For example, the output devices may include one or 

50 more displays, printers, speakers, and/or other output 
devices, if desired. For example, one of the output devices 
may be a display. The display may be a cathode ray tube 
(CRTs), liquid crystal displays (LCDs), or any other type of Proceeding from block 650 to decision block 660 (De­

tachment Detected), mode switch manager 180 may include 
logic and/or features configured to determine whether the 55 

second computer has detached its USB port (e.g., via moni-

display. 
The system 700 may also have a wired or wireless 

network interface to exchange data with other devices via a 
connection to a network. The network connection may be 
any type of network connection, such as an Ethernet con­
nection, digital subscriber line (DSL), telephone line, 

tor feature 212). If a detachment is detected, the process 
moves to block 670. Otherwise, the process moves back to 
block 650. 

Moving from decision block 660 to block 670 (Return 
USB Port to Downstream Mode), mode switch manager 180 
may include logic and/or features to return the first USB port 
back to the downstream operating mode ( e.g., via mux 
feature 214). In some examples, mode switch manager 180 
may generate mux select signals to cause the first USB port 
to switch back to operating in the downstream mode. The 
process may then move back to block 610 to monitor the first 

60 coaxial cable, etc. The network may be any type of network, 
such as the Internet, a telephone network, a cable network, 
a wireless network, a packet-switched network, a circuit­
switched network, and/or the like. 

Various examples may be implemented using hardware 
65 elements, software elements, or a combination of both. 

Examples of hardware elements may include processors, 
microprocessors, circuits, circuit elements ( e.g., transistors, 
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programs, system programs, machine programs, operating 
system software, middleware, firmware, software modules, 
routines, subroutines, functions, methods, procedures, soft-
ware interfaces, application program interfaces (API), 
instruction sets, computing code, computer code, code seg­
ments, computer code segments, words, values, symbols, or 
any combination thereof. 

According to some examples, an article of manufacture 
may include a non-transitory storage medium to store or 
maintain instructions that when executed by a computer or 
system, cause the computer or system to perform methods 
and/or operations in accordance with the described 
examples. The instructions may include any suitable type of 
code, such as source code, compiled code, interpreted code, 
executable code, static code, dynamic code, and the like. The 
instructions may be implemented according to a predefined 
computer language, manner or syntax, for instructing a 
computer to perform a certain function. The instructions 

resistors, capacitors, inductors, and so forth), integrated 
circuits, application specific integrated circuits (ASIC), pro­
grammable logic devices (PLD), digital signal processors 
(DSP), field programmable gate array (FPGA), logic gates, 
registers, semiconductor device, chips, microchips, chip 5 

sets, and so forth. Examples of software may include soft­
ware components, programs, applications, computer pro­
grams, application programs, system programs, machine 
programs, operating system software, middleware, firm­
ware, software modules, routines, subroutines, functions, 10 

methods, procedures, software interfaces, application pro­
gram interfaces (API), instruction sets, computing code, 
computer code, code segments, computer code segments, 
words, values, symbols, or any combination thereof. Deter­
mining whether an example is implemented using hardware 15 

elements and/or software elements may vary in accordance 
with any number of factors, such as desired computational 
rate, power levels, heat tolerances, processing cycle budget, 
input data rates, output data rates, memory resources, data 
bus speeds and other design or performance constraints. 20 may be implemented using any suitable high-level, low­

level, object-oriented, visual, compiled and/or interpreted 
programming language. 

One or more aspects of at least one example may be 
implemented by representative instructions stored on a 
machine-readable medium which represents various logic 
within the processor, which when read by a machine causes 
the machine to fabricate logic to perform the techniques 25 

described herein. Such representations, known as "IP cores" 
may be stored on a tangible, machine readable medium and 
supplied to various customers or manufacturing facilities to 
load into the fabrication machines that actually make the 
logic or processor. 30 

In some examples, operations described in this disclosure 
may also be at least partly implemented as instructions 
contained in or on an article of manufacture that includes a 
non-transitory computer-readable medium. For these 
examples, the non-transitory computer-readable medium 
may be read and executed by one or more processors to 
enable performance of the operations. 

Some examples may be described using the expression 
"in one example" or "an example" along with their deriva­
tives. These terms mean that a particular feature, structure, 
or characteristic described in connection with the example is 
included in at least one example. The appearances of the 

Various examples may be implemented using hardware 
elements, software elements, or a combination of both. In 
some examples, hardware elements may include devices, 
components, processors, microprocessors, circuits, circuit 
elements ( e.g., transistors, resistors, capacitors, inductors, 
and so forth), integrated circuits, application specific inte­
grated circuits (ASIC), programmable logic devices (PLD), 
digital signal processors (DSP), field programmable gate 
array (FPGA), memory units, logic gates, registers, semi­
conductor device, chips, microchips, chip sets, and so forth. 
In some examples, software elements may include software 
components, programs, applications, computer programs, 
application programs, system programs, machine programs, 
operating system software, middleware, firmware, software 
modules, routines, subroutines, functions, methods, proce­
dures, software interfaces, application program interfaces 
(API), instruction sets, computing code, computer code, 
code segments, computer code segments, words, values, 
symbols, or any combination thereof. Determining whether 

35 phrase "in one example" in various places in the specifica­
tion are not necessarily all referring to the same example. 

Some examples may be described using the expression 
"coupled" and "connected" along with their derivatives. 
These terms are not necessarily intended as synonyms for 

40 each other. For example, descriptions using the terms "con­
nected" and/or "coupled" may indicate that two or more 
elements are in direct physical or electrical contact with each 
other. The term "coupled," however, may also mean that two 
or more elements are not in direct contact with each other, 

45 but yet still co-operate or interact with each other. 

an example is implemented using hardware elements and/or 50 

software elements may vary in accordance with any number 
of factors, such as desired computational rate, power levels, 
heat tolerances, processing cycle budget, input data rates, 
output data rates, memory resources, data bus speeds and 
other design or performance constraints, as desired for a 55 

given implementation. 
Some examples may include an article of manufacture. 

An article of manufacture may include a non-transitory 
storage medium to store logic. In some examples, the 
non-transitory storage medium may include one or more 60 

types of computer-readable storage media capable of storing 
electronic data, including volatile memory or non-volatile 
memory, removable or non-removable memory, erasable or 
non-erasable memory, writeable or re-writeable memory, 
and so forth. In some examples, the logic may include 65 

various software elements, such as software components, 
programs, applications, computer programs, application 

It is emphasized that the Abstract of the Disclosure is 
provided to comply with 37 C.F.R. Section 1.72(b), requir­
ing an abstract that will allow the reader to quickly ascertain 
the nature of the technical disclosure. It is submitted with the 
understanding that it will not be used to interpret or limit the 
scope or meaning of the claims. In addition, in the foregoing 
Detailed Description, it can be seen that various features are 
grouped together in a single example for the purpose of 
streamlining the disclosure. This method of disclosure is not 
to be interpreted as reflecting an intention that the claimed 
examples require more features than are expressly recited in 
each claim. Rather, as the following claims reflect, inventive 
subject matter lies in less than all features of a single 
disclosed example. Thus the following claims are hereby 
incorporated into the Detailed Description, with each claim 
standing on its own as a separate example. In the appended 
claims, the terms "including" and "in which" are used as the 
plain-English equivalents of the respective terms "compris­
ing" and "wherein," respectively. Moreover, the terms 
"first," "second," "third," and so forth, are used merely as 
labels, and are not intended to impose numerical require-
ments on their objects. 
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Although the subject matter has been described in lan­
guage specific to structural features and/or methodological 
acts, it is to be understood that the subject matter defined in 
the appended claims is not necessarily limited to the specific 
features or acts described above. Rather, the specific features 5 

and acts described above are disclosed as example forms of 
implementing the claims. 

What is claimed is: 
1. A method comprising: 
monitoring, by a processor circuit, a first universal serial 10 

bus (USB) port for a first computing device, the first 
USB port to be in an active state and operating in a 
downstream mode, the first USB port to be controlled 
by a USB controller; 

monitoring a register for the USB controller, the register 15 

to indicate a status of the first USB port, the status 
comprising whether the first USB port is in the active 
state or an inactive state; 

determining that a second USB port for a second com­
puting device has attempted to attach to the first USB 20 

port, the second USB port operating in the downstream 
mode; 

changing the status of the first USB port to the inactive 
state responsive to the first USB port and the second 
USB port operating in a downstream mode; 25 

activating a switching structure at a physical (PHY) layer 
for the first USB port to switch the first USB port from 
operating in the downstream mode to operating in an 
upstream mode responsive to a determination that the 
second USB port has attempted to attach to the first 30 

USB port and a change of the status of the first USB 
port to the inactive state; and 

facilitating attachment of the first USB port operating in 
the upstream mode to the second USB port operating in 
the downstream mode. 35 

2. The method of claim 1, USB controller to operate in 
compliance with the eXtensible Host Controller Interface 
(xHCI) for USB specification, the PHY layer including a 
PHY interface operating in compliance with the PHY Inter­
face for the PCI Express and USB 3.0 Architectures (PIPE3) 40 

specification. 
3. The method of claim 2, wherein the register is a 

PORTSC register for the USB controller. 
4. The method of claim 2, comprising facilitating attach­

ment of the first USB port operating in the upstream mode 45 

to the second USB port operating in the downstream mode 
includes causing the first USB port operating in the upstream 
mode to appear to the second USB port operating in the 
downstream mode as a new attachment and responsive to the 
new attachment, the second port attempts to attach to the 50 

first USB port operating in the upstream mode. 
5. The method of claim 1, comprising the first USB port 

being controlled by a USB controller operating in compli­
ance with the enhanced Host Controller Interface ( eHCI) for 
USB specification and the PHY layer including a PHY 55 

interface operating in compliance with one of the USB 
Transceiver Macrocell Interface (UTMI) specification or the 
USB Low Pin Interface (ULPI) specification. 

6. The method of claim 5, comprising monitoring VBus 
states at the PHY interface operating in compliance with one 60 

of the UTMI specification or the ULPI specification. 
7. The method of claim 6, comprising determining that the 

second USB port has attempted to attach to the first USB 
port operating in the downstream mode based on the VBus 
states indicating that a downstream port has driven the VBus 65 

states to a high state in an attempt to attach to the first USB 
port operating in the downstream mode. 

16 
8. An apparatus comprising: 
a processor circuit; 
a switching structure at a physical (PHY) layer for one or 

more universal serial bus (USB) ports for a first com­
puting device, the switching structure configured to 
switch operation of a first USB port from a downstream 
mode to an upstream mode, the first USB port from 
among the one or more USB ports for the first com­
puting device, the first USB port to be controlled by a 
USB controller; 

a register for the USB controller, the register to indicate 
a status of the first USB port, the status comprising 
whether the first USB port is in an active state or an 
inactive state; and 

a memory unit communicatively coupled to the processor 
circuit, the memory unit arranged to store a mode 
switch manager operative on the processor circuit to: 
monitor the register; 
determine that a second USB port for a second com­

puting device has attempted to attach to the first USB 
port, the second USB port operating in the down­
stream mode; 

change the status of the first USB port to the inactive 
state responsive to the first USB port and the second 
USB port operating in a downstream mode; 

detecting a change in the register indicating the first 
USB port operating in the downstream mode is in an 
inactive state; 

activate the switching structure to switch the first USB 
port to operate in the upstream mode based on 
detection of an attempt by the second USB port to 
attach to the first USB port and a change of the status 
of the first USB port to the inactive state; and 

facilitate attachment of the first USB port to be oper­
ated in the upstream mode to the second USB port 
operated in the downstream mode. 

9. The apparatus of claim 8, comprising a USB connector 
to communicatively couple the first computing device to the 
second computing device via the first USB port for the first 
computing device and via the second USB port for the 
second computing device. 

10. The apparatus of claim 8, comprising the one or more 
USB ports for the first computing device being controlled by 
a USB controller configured to operate in compliance with 
the eXtensible Host Controller Interface (xHCI) for USB 
specification and the PHY layer to include a PHY interface 
configured to operate in compliance with the PHY Interface 
for the PCI Express and USB 3.0 Architectures (PIPE3) 
specification. 

11. The apparatus of claim 10, wherein the register is a 
PORTSC register for the USB controller. 

12. The apparatus of claim 10, comprising the mode 
switch manager configured to cause the first USB port to be 
operated in the upstream mode to appear to the second port 
operated in the downstream mode as a new attachment in 
order to facilitate attachment of the first USB port to the 
second USB port and responsive to the appearance of the 
new attachment, the second USB port to attempt to attach to 
the first USB port operated in the upstream mode. 

13. The apparatus of claim 8, comprising the one or more 
USB ports for the first computing device being controlled by 
a USB controller configured to operate in compliance with 
the enhanced Host Controller Interface ( eHCI) for USB 
specification and the PHY layer to include a PHY interface 
configured to operate in compliance with one of the USB 
Transceiver Macrocell Interface (UTMI) specification or the 
USB Low Pin Interface (ULPI) specification. 
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14. The apparatus of claim 13, compnsmg the mode 
switch manager configured to monitor VBus states at the 
PHY interface configured to operate in compliance with one 
of the UTMI specification or ULPI specification, based on 
the monitored VBus states, the mode switch manager to 5 

determine whether the second USB port for the second 
computing device has attempted to attach to the first USB 
port while the first USB port was operated in the down­
stream mode. 

15. The apparatus of claim 14 comprising the mode 10 

switch manager configured to determine that the second 
USB port has attempted to attach to the first USB port 
operated in the downstream mode based on an indication of 
the VBus states that indicates a downstream port has driven 
the VBus states to a high state in an attempt to attach to the 15 

first USB port operated in the downstream mode. 
16. An article of manufacture comprising a non-transitory 

storage medium containing instructions that when executed 
cause a system to: 

monitor a first universal serial bus (USB) port for a first 20 

computing device, the first USB port to be in an 
inactive state and operating in a downstream mode, the 
first USB port to be controlled by a USB controller; 

monitor a register for the USB controller, the register to 
indicate a status of the first USB port, the status 25 

comprising whether the first USB port is in an active 
state or the inactive state; 

determine that a second USB port for a second computing 
device has attempted to attach to the first USB port, the 
second USB port operating in the downstream mode; 30 

change the status of the first USB port to the inactive state 
responsive to the first USB port and the second USB 
port operating in a downstream mode; 

18 
activate a switching structure at a physical (PHY) layer 

for the first USB port to switch the first USB to operate 
in an upstream mode responsive to a determination that 
the second USB port has attempted to attach to the first 
USB port and a change of the status of the first USB 
port to the inactive state; and 

facilitate attachment of the first USB port operating in the 
upstream mode to the second USB port operating in the 
downstream mode. 

17. The article of manufacture of claim 16, comprising the 
first USB port controlled by a USB controller configured to 
operate in compliance with the eXtensible Host Controller 
Interface (xHCI) for USB specification and the PHY layer to 
include a PHY interface configured to operate in compliance 
with the PHY Interface for the PCI Express and USB 3.0 
Architectures (PIPE3) specification. 

18. The article of manufacture of claim 17, comprising the 
instructions to cause the system to cause the first USB port 
to be operated in the upstream mode to appear to the second 
port operated in the downstream mode as a new attachment 
in order to facilitate attachment of the first USB port to the 
second USB port and responsive to the appearance of the 
new attachment, the second USB port to attempt to attach to 
the first USB port operated in the upstream mode. 

19. The article of manufacture of claim 16, comprising the 
first USB port being controlled by a USB controller config­
ured to operate in compliance with the enhanced Host 
Controller Interface ( eHCI) for USB specification and the 
PHY layer to include a PHY interface configured to operate 
in compliance with one of the USB Transceiver Macrocell 
Interface (UTMI) specification or the USB Low Pin Inter­
face (ULPI) specification. 

* * * * * 

Microchip Ex. 1052, p. 18 
Microchip v. Aptiv 

IPR2024-00228




