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VIRTUALIZED DISPLAY OUTPUT PORTS CONFIGURATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. non-provisional
application No. 14/565,583 filed December 10, 2014, the contents of which are

hereby incorporated by reference as if fully set forth herein.

FIELD OF INVENTION
[0002] The invention relates to the field of electronic visual displays and,

more particularly, the virtualization of display output ports configuration.

BACKGROUND

[0003] Since the early days of computing and television, electronic visual
displays have been commonly used to provide data output from computing or
communications devices in a form that is easily discernable to users. Such
displays are often referred to as monitors. Contemporary monitors are typically
flat liquid crystal display (LCD) panels configured to receive a signal from a
computing device for display as video, although many display technologies have
been used and these technologies continue to evolve.

[0004] Monitors receive data for display from an output interface of the
communications or communications source device. The display data may be
formatted according to a particular video standard. Many video standards have
been and continue to be in use, including composite video, video graphics array
(“VGA”), Digital Video Interface (“DVI”), Serial Digital Interface (“SDI”), High-
Definition Multimedia Interface “HDMI”, And DisplayPort™ (as promulgated by
the Video Electronics Standard Association, “VESA”).

[0005] Monitors are usually limited in size due to cost or manufacturing
limitations. Accordingly, in some applications it is desirable to display output

from a particular computing device using more than one monitor in order to
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visualize the output. According to earlier video standards, routing a signal from a
single output connector to a plurality of monitors using a splitter or other hub
device would result in display of the same output on each monitor. In order for a
source device to display different output to each connected monitor using such
standards, it is typically necessary for the source device to generate separate video
output streams and to provide a separate output connector on the source device to
deliver a separate stream to each monitor for display. This may require additional
connectors and hardware to be added to a motherboard or video processing card
for example, which may occupy additional panel and enclosure space and may be
undesirable, especially in small form devices such as laptop computers and
smartphones.

[0006] The DisplayPort™ standard (“‘DP”) in contrast relies on packetized
data transmission from the source to the monitor. As used herein, DisplayPort
and DP refer to the DisplayPort v1.2 standard issued by the Video Electronics
Standards Association (VESA), which is incorporated by reference in its entirety
as if fully set forth herein, and other protocol standards and versions forward or
backward compatible therewith. Packetized data transmission allows DP to
support a multi-stream transport (MST) mode, where multiple monitors may each
receive a separate display stream from a DP source via a s.ingle DP output
connector. Using MST, data packets output from the source are each addressed to
a particular downstream monitor, which receives and displays the data contained
in data packets addressed to that monitor. A DP source device using MST can
thus output video or other data which is addressed to each of a plurality of

monitors using a single output connector.

SUMMARY OF EMBODIMENT(S)
[0007] Some embodiments provide an MST sink device. The MST sink
device comprises a receiver configured to communicate with a source device; a

transmitter configured to communicate data from the receiver to an external
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display via a physical link; a logical port configured to communicate data from the
receiver to an internal display via a logical link; and, a memory configured to store
first configuration data for the physical link and to store second configuration data
for the logical link.

[0008] Some embodiments provide an MST source device. The MST source
device comprises a transmitter configured to communicate data to an external
display in communication with the MST sink via a physical link. The transmitter
is further configured to communicate data to an internal display of the MST sink
via a logical link. The MST source device also comprises a transceiver configured
to transmit first configuration data for the physical link to the MST sink for
storage in a memory, and to transmit second configuration data for the logical link
to the MST sink for storage in the memory.

[0009] Some embodiments provide a method for configuring a logical link
within an MST sink. A receiver is configured to communicate with a source
device. A transmitter is configured to communicate data from the receiver to an
external display via a physical link. A logical port is configured to communicate
data from the receiver to an internal display via a logical link. A memory is
configured to store first configuration data for the physical link and to store
second configuration data for the logical link.

[0010] Some embodiments provide an MST sink device. The MST sink
device comprises a receiver configured to communicate with a source device; a
transmitter configured to communicate data from the receiver to an external
display via a physical link; a logical port configured to communicate data from the
receiver to a display via a non-DisplayPort (DP) link; and, a memory configured to
store first configuration data for the physical link and to store second
configuration data for the non-DP link.

[0011] Some embodiments provide a MST source device. The MST source
device comprises a transmitter configured to communicate data to an external

display in communication with the MST sink via a physical link. The transmitter
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is further configured to communicate data to a non-DP display of the MST sink via
a non-DP link. The MST source device further comprises a transceiver configured
to transmit first configuration data for the physical link to the MST sink for
storage in a memory, and to transmit second configuration data for the non-DP
link to the MST sink for storage in the memory.

[0012] Some embodiments provide a method for configuring a logical link
within an MST sink. A receiver is configured to communicate with a source
device. A transmitter is configured to communicate data from the receiver to an
external display via a physical link. A logical port is configured to communicate
data from the receiver to a non-DP display via a non-DP link. A memory is
configured to store first configuration data for the physical link and to store

second configuration data for the non-DP link.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
[0014] FIG. 1 is a block diagram of an example device in which one or more
disclosed embodiments may be implemented.
[0015] FIG. 2 is a block diagram of an example MST topology usable with
the device of FIG. 1 which includes a MST sink having an internal display.
[0016] FIG. 3 is a block diagram of another example MST topology usable
with the device of FIG. 1 which includes a MST sink having an internal display.
[0017] FIG. 4 is a block diagram of another example MST topology usable
with the device of FIG. 1 which includes a non-DP end point.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0018] FIG. 1 is a block diagram of an example device 100 in which one or

more disclosed embodiments may be implemented. The device 100 may include,
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for example, a computer, a gaming device, a handheld device, a set-top box, a
television (a so-called “smart TV” or not), a mobile phone, or a tablet computer.
The device 100 includes a processor 102, a memory 104, a storage device 106, one
or more input devices 108, and one or more output devices 110. The device 100
may also optionally include an input driver 112 and an output driver 114. It is
understood that the device 100 may include additional components not shown in
Figure 1.

[0019] The processor 102 may include a central processing unit (CPU), a
graphics processing unit (GPU), a CPU and GPU located on the same die, or one
or more processor cores, wherein each processor core may be a CPU or a GPU. The
memory 104 may be located on the same die as the processor 102, or may be
located separately from the processor 102. The memory 104 may include a volatile
or non-volatile memory, for example, random access memory (RAM), dynamic
RAM, or a cache. It is noted that memory 104 may be implemented as one or more
discrete units and that device 100 may include multiple distinct memories (not
shown). For example, device 100 may include both CPU and GPU memories (not
shown) as further discussed herein.

[0020] The storage device 106 may include a fixed or removable storage, for
example, a hard disk drive, a solid state drive, an optical disk, or a flash drive.
The input devices 108 may include a keyboard, a keypad, a touch screen, a touch
pad, a detector, a microphone, an accelerometer, a gyroscope, a biometric scanner,
or a network connection (e.g., a wireless local area network card for transmission
and/or reception of wireless IEEE 802 signals). The output devices 110 may
include a display, a speaker, a printer, a haptic feedback device, one or more
lights, an antenna, or a network connection (e.g., a wireless local area network
card for transmission and/or reception of wireless IEEE 802 signals).

[0021] The input driver 112 communicates with the processor 102 and the
input devices 108, and permits the processor 102 to receive input from the input

devices 108. The output driver 114 communicates with the processor 102 and the
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output devices 110, and permits the processor 102 to send output to the output
devices 110. It is noted that the input driver 112 and the output driver 114 are
optional components, and that the device 100 will operate in the same manner if
the input driver 112 and the output driver 114 are not present.

[0022] In some implementations, device 100 may include a DP source, input
devices 108 may include a DP sink, and output devices 110 may include a DP
transmitter for outputting display or other data from the DP source to a display.
[0023] The DP source may use an MST mode to output a plurality of video
or other data packets, which may each be addressed to one or more of a plurality
of displays (not shown) using a single DP output connector. The displays may be
in communication with the DP transmitter via one or more DP links (not shown),
and these DP links may be configured by the DP source of device 100 as further
discussed herein.

[0024] In order for a DP source to output display data to a plurality of
monitors using a single output transmitter, DP supports both daisy chain and tree
MST connection topologies. In daisy chain topologies, the DP source output may
be connected to a DP input of a first daisy chain monitor having at least one
internal display which can display data from the DP source. The DP source
output may include a DP transmitter which may transmit DP data packets over a
main link, a DP transceiver for transmitting and receiving sideband signaling
over an auxiliary channel (AUX CH), and a hot plug detect channel (HPD). The
DP input of the first daisy chain monitor may include a DP receiver which receives
DP main link data packets and a DP transceiver for receiving and transmitting
sideband signaling over the AUX CH and HPD.

[0025] The first daisy chain monitor may also include a DP output in order
to support daisy chain connectivity to a second DP monitor. It is noted that in
some implementations the first daisy chain monitor may include a non-DP output

to support connectivity for a non-DP monitor in addition to, or instead of, the DP
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output. A first daisy chain monitor configured to both receive and transmit DP
data packets in this way may be referred to as an MST sink.

[0026] An input of a second monitor may be connected to the output of the
MST sink. If the output of the MST sink is a DP output and the second monitor is
also an MST sink, further monitors may be connected via the second monitor to
extend the a daisy chain topology. Following appropriate configuration procedures
as specified in DP, the DP source may transmit display data packets to both the
MST sink and the second monitor via the single source DP output. In a tree
topology, the MST sink may include more than one output, each of which may
drive another monitor.

[0027] The DP input and DP output of the MST sink are physical ports. The
connection between the DP output of the first monitor and the DP input of the
second monitor is a physical link, and packets destined for the DP input of the
second monitor may be addressed to the DP output physical port of the first
monitor.

[0028] The internal display of the MST sink, in contrast, receives data
packets for display via a logical port. The connection between the DP input of the
MST sink and the logical port is a logical connection, and packets destined for the
internal display may be addressed to the logical port.

[0029] Physical links in a DP topology may be configured using DisplayPort
configuration data (DPCD), the syntax of which is set forth in the DisplayPort™
standard. DPCD may be stored in an address space within a DP device having a
DP receiver, such as an MST sink. DPCD is typically used to supply information
regarding DP receiver capability (or of downstream DP receivers) and information
regarding the status of the physical link to a DP source via the AUX CH as part of
an initial configuration upon connection known as link training. The DP source
may also write configuration data to the DPCD, typically for configuring and
initializing the physical link. An example of DPCD receiver capability information

which may be read by the DP source is MAX_LANE_COUNT, which specifies the
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maximum number of main link lanes (e.g. 1, 2, or 4 lanes) supported by the DP
receiver. If there is another DP receiver downstream from the DP receiver, such
as within an external monitor in a daisy chain connection, MAX_LANE_COUNT
may specify the lowest common denominator of the two DP receivers. An example
of DPCD link configuration information which may be read and written by the DP
source includes LINK BW_SET, which specifies a bandwidth per lane for the link.
Any supported bandwidth can be chosen by the DP source as long as it does not
exceed the capability of the DP receiver as indicated in the appropriate receiver
capability field in the DPCD.

[0030] As devices implementing DP have evolved, DPCD has been adapted
to store stream related configuration information for implementing stream-
embedded features, such as dynamic refresh rate (DRR, also known by the
VESA™ brand name “Adaptive Sync™”), display stream compression (DSC)
configuration, and panel self-refresh (PSR), as will be discussed further herein.
[0031] FIG. 2 is a block diagram illustrating an example DP daisy chain
topology 200. Topology 200 includes a DP source 205, an MST sink 210 having an
internal display 215, and an external display 220.

[0032] MST sink 210 includes a DP receiver 225 which is a physical input
port of MST sink 210. DP source 205 includes a DP transmitter 230 which is a
physical output port of DP source 205. DP transmitter 230 is in communication
with DP receiver 225 via link 235. MST sink 210 also includes a DP transmitter
240 which is a physical output port of MST sink 210. External display 220
includes a DP receiver 245 which is a physical input port of external display 220.
DP transmitter 240 is in communication with DP receiver 245 via link 250.

[0033] External display 220 is in communication with MST sink 210 via a
physical DP link 250, and thus the communication link between DP source 205
and external display 220 is configurable using a DPCD 255. It is noted that
external display 220 may also include a DPCD 290.
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[0034] DPCD 255 may be mapped to a DP address space of MST sink 210.
DP source 205 may read the receiver capability of MST sink 210 and external
display 220, and read the status of links 235 and 250 from DPCD 255. In addition,
DP source 205 may write to the link configuration field of DPCD 255 to configure
and initialize links 235 and 250. It is noted that DP source 205 may read the
receiver capability of external display 220 and read the status of link 250 from
DPCD 290 and may write to the link configuration field of DPCD 290 to configure
and initialize link 250. It is noted that in some implementations DPCD 255 may
reflect the content of DPCD 290 and may be used by DP source 205 in lieu of
accessing DPCD 290.

[0035] As noted above, internal display 215 is in communication with MST
sink 210 via a logical port 260. Accordingly, internal display 215 is a logical
device, having a logical link 280 to DP receiver 225. Internal display 215 has no
physical port connection with DP receiver 225 and accordingly neither DPCD 255
nor any other DPCD corresponds to or configures the logical link 280.

[0036] As discussed above, certain display stream features may be
implemented, such as DRR, which require configuration of the links between the
source and the display using DPCD. For example, if it is desired to transmit an
image data stream from the DP source 205 to external display 220 using DRR, DP
source 205 may write appropriate configuration data to DPCD 255 in order to
configure DP receiver 245 to receive DRR image data. This is possible because
external display 220 has a physical DP link 250 to MST sink 210, and thus DPCD
255 can be configured to support features such as DSC, DRR, and PSR. For
example, a given link may be configured for DSC, DRR, or PSR operation by
setting a DSC, DRR, or PSR mode field in the DPCD for that link to an enabled or
disabled state as appropriate.

[0037] Alternatively, if it were desired to transmit a DSC compressed image
data stream from the DP source 205 to internal display 215, DP source 205 could
not write appropriate configuration data to DPCD 255 that would configure logical
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port 260 to receive compressed data. This is because DPCD registers are
associated with physical ports (not logical ports) and there is no physical receiver
port connection to internal display 215 which could be configured using DPCD
255. Accordingly, a DSC compressed image stream may not be possible to
transmit from DP source 205 to internal display 215 using topology 200. FIG. 3 is
a block diagram illustrating another example DP daisy chain topology 300.
Topology 300 includes a DP source 305, an MST sink 310 having an internal
display 315, and an external display 320. Topology 300 is similar to topology 200
as shown in FIG. 2, and includes additional features.

[0038] MST sink 310 includes a DP receiver 325 which is a physical input
port of MST sink 310. DP source 305 includes a DP transmitter 330 which is a
physical output port of DP source 305. DP transmitter 330 is in communication
with DP receiver 325 via link 335. MST sink 310 also includes a DP transmitter
340 which is a physical output port of MST sink 310. External display 320
includes a DP receiver 345 which is a physical input port of external display 320.
DP transmitter 340 is in communication with DP receiver 345 via link 350.

[0039] External display 320 is in communication with MST sink 310 via a
physical DP link 350, and thus the communication link between DP source 305
and external display 320 is configurable using a DPCD 355. It is noted that
external display 320 may also include a DPCD 390.

[0040] DPCD 355 may be mapped to a DP address space of MST sink 310.
DP source 305 may read the receiver capability of MST sink 310 and external
display 320 and read status of DP link 335 and 350 device from DPCD 355. In
addition, DP source 305 may write to the link configuration field of DPCD 355 to
configure and initialize links 335 and 350. It is noted that DP source 305 may
read the receiver capability of external display 320 and read the status of link 350
from DPCD 390 and may write to the link configuration field of DPCD 390 to

configure and initialize link 350. It is noted that in some implementations DPCD

- 10-
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355 may reflect the content of DPCD 390 and may be used by DP source 305 in
lieu of accessing DPCD 390.

[0041] Internal display 315 however is in communication with MST sink 310
via a logical port 360. Accordingly, internal display 315 is a logical device, having
a logical communication link 380 DP receiver 325. Internal display 315 has no
physical port connection with DP receiver 325 and accordingly neither DPCD 355
nor any other DPCD corresponds to or configures the logical link 380.

[0042] As discussed above, certain display stream features, such as DSC,
require configuration of the links between the source and the display using DPCD.
For example, if it is desired to transmit a compressed image data stream from the
DP source 305 to external display 320 using DSC, DP source 305 may write
appropriate DSC configuration data to DPCD 355 in order to configure DP
receiver 345 to receive compressed data. This is possible because external display
320 has a physical DP link 350 to MST sink 310, and thus DPCD 355 can be
configured to support features such as DSC, DRR, and PSR.

[0043] On the other hand, if it were desired to transmit a DSC compressed
image data stream from the DP source 305 to internal display 315, DP source 305
could not write appropriate configuration data to DPCD 355 that would configure
logical port 360 to receive compressed data. This is because DPCD registers are
associated with physical ports and there is no physical receiver port connection to
internal display 315 which could be configured using DPCD 355.

[0044] Accordingly, MST sink 310 includes a “virtual” DPCD (VDPCD) 365
associated with logical port 360. VDPCD 365 may be similar to DPCD 355 in that
it may follow the same syntax and contain all or a portion of the same fields as
DPCD 355. In particular, VDPCD 365 may include configuration data required
for implementing DSC to transmit a DSC compressed image data stream from
source 305 to internal display 315. VDPCD 365 may also or instead include
configuration data for other stream-embedded functions such as DRR and DSC,

PSR, or other suitable functions. Thus, VDPCD 365 may “virtualize” at least a

-11-
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part of the functionality of DPCD 355 for logical port 360. It is noted that VDPCD
365 or a different VDPCD (not shown) could be associated with other logical ports
(not shown) within MST sink 310, such as for a second internal display, picture-in-
picture (PIP) display, or secondary data stream sink supported in DP such as a
USB port or audio output (not shown).

[0045] VDPCD 365 may be mapped to an address space which may be
separate from the address space to which DPCD 355 is mapped. Support for
VDPCD 365 may be indicated to DP source 305 using any suitable method, for
example, as a field in DPCD 355 which may be read by DP source 305 during link
training or at another suitable time, for example using a remote DPCD call such
as REMOTE_DPCD_READ. DP source 305 may issue a remote DPCD read or
write command, such as REMOTE_DPCD_READ or REMOTE_DPCD_WRITE
with a destination node targeted at logical port 360. The MST sink 310 may
interpret the remote DPCD read or write command and configure the logical port
360 based on the received source setting of VDPCD 365. MST sink 310 may store
a field state of VDPCD 365 on a per-endpoint basis (i.e. for each logical port or
other relevant endpoint as discussed further herein). If DP source 305 queries the
state of logical link 380 via a remote DPCD side band message for example, MST
sink 310 may return the saved field state of the VDPCD 365.

[0046] It is noted that on a power reset or source disconnect VDPCD may be
reset to a default state.

[0047] FIG. 4 is a block diagram illustrating another example DP daisy
chain topology 400. Topology 400 includes a DP source 405, an MST sink 410
having non-DP display 415, and an external display 420. Topology 400 is similar
to topologies 200 as shown in FIG. 2, and includes additional features.

[0048] MST sink 410 includes a DP receiver 425 which is a physical input
port of MST sink 410. DP source 405 includes a DP transmitter 430 which is a
physical output port of DP source 405. DP transmitter 430 is in communication

with DP receiver 425 via link 435. MST sink 410 also includes a DP transmitter
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440 which is a physical output port of MST sink 410. External display 420
includes a DP receiver 445 which is a physical input port of external display 420.
DP transmitter 440 is in communication with DP receiver 445 via link 450.

[0049] External display 420 is in communication with MST sink 410 via a
physical DP link 450, and thus the communication link between source 405 and
external display 420 is configurable using a DPCD 455. It is noted that external
display 220 may also include a DPCD 490.

[0050] DPCD 255 may be mapped to a DP address space of MST sink 410.
DP source 405 may read the receiver capability of MST sink 410 and external
display 420 and read status of DP link 435 and 450 device from DPCD 455. In
addition, DP source 405 may write to the link configuration field of DPCD 455 to
configure and initialize links 435 and 450. It is noted that DP source 405 may
read the receiver capability of external display 420 and read the status of link 450
from DPCD 490 and may write to the link configuration field of DPCD 490 to
configure and initialize link 450. It is noted that in some implementations DPCD
455 may reflect the content of DPCD 490 and may be used by DP source 405 in
lieu of accessing DPCD 490.

[0051] Non-DP display 415 however is in communication with MST sink 410
via a non-DP port 460. Accordingly, non-DP display 415 has no DP receiver, and
accordingly neither DPCD 455 nor any other DPCD corresponds to or configures
the non-DP link 480.

[0052] As discussed above, certain display stream features, such as DSC,
require configuration of the links between the source and the display using DPCD.
For example, if it is desired to transmit a compressed image data stream from the
source 405 to external display 420 using DSC, source 405 may write appropriate
DSC configuration data to DPCD 455 in order to configure DP receiver 445 to
receive compressed data. This is possible because external display 420 has a
physical DP link 450 to MST sink 410, and thus DPCD 455 can be configured to
support features such as DSC, DRR, and PSR.

-13-
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[0053] Alternatively, if it were desired to transmit a DSC compressed image
data stream from the source 405 to non-DP display 415, source 405 could not write
appropriate configuration data to DPCD 455 that would configure non-DP port
460 to receive compressed data. This is because DPCD registers are associated
with physical DP ports and there is no physical DP receiver port connection to
non-DP display 415 which could be configured using DPCD 455.

[0054] Accordingly, MST sink 410 includes a “virtual” DPCD (VDPCD) 465
associated with non-DP port 460. VDPCD 465 may be similar to DPCD 455 in
that it may follow the same syntax and contain all or a portion of the same fields
as DPCD 455. In particular, VDPCD 465 may include configuration data required
for implementing DSC to transmit a DSC compressed image data stream from
source 405 to non-DP display 415. VDPCD 465 may also or instead include
configuration data for other stream-embedded functions such as DRR and DSC,
PSR, or other suitable functions. Thus, VDPCD 465 may “virtualize” at least a
part of the functionality of DPCD 455 for non-DP port 460. It is noted that
VDPCD 465 could be associated with other non-DP ports or logical ports (not
shown) within MST sink 410, such as for a second non-DP display, an internal
display, picture-in-picture (PIP) display, or second‘ary data stream sink supported
in DP such as a USB port or audio output (not shown).

[0055] VDPCD 465 may be mapped to a DP address space which may be
separate from a DP address space to which DPCD 455 is mapped. Support for
VDPCD 465 may be indicated to DP source 405 using any suitable method, for
example, as a field in DPCD 455 which may be read by DP source 405 during link
training or at another suitable time. Source 405 may set up a remote DPCD read
or write command with a destination node targeted at non-DP port 460. The MST
sink 410 may interpret the remote DPCD read or write command and configure
the non-DP port 460 based on the source setting of VDPCD 465. MST sink 410
may store a field state of VDPCD 465 on a per-endpoint basis (i.e. for each non-DP

port, logical port or other relevant endpoint). If DP source 405 queries the state of
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non-DP link 480 via a remote DPCD side band message for example, MST sink
410 may return the saved field state of the VDPCD 465.

[0056] It is noted that on a power reset or source disconnect VDPCD may be
reset to a default state.

[0057] The methods or flow charts provided herein may be implemented in a
computer program, software, or firmware incorporated in a non-transitory
computer-readable storage medium for execution by a general purpose computer
or a processor. Examples of non-transitory computer-readable storage mediums
include a read only memory (ROM), a random access memory (RAM), a register,
cache memory, semiconductor memory devices, magnetic media such as internal
hard disks and removable disks, magneto-optical media, and optical media such as

CD-ROM disks, and digital versatile disks (DVDs).

* * *
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CLAIMS

What is claimed is:

1. A MST sink device comprising:

a receiver configured to communicate with a source device;

a transmitter configured to communicate data from the receiver to an
external display via a physical link;

a logical port configured to communicate data from the receiver to an
internal display via a logical link; and,

a memory configured to store first configuration data for the physical link

and to store second configuration data for the logical link.

2. The MST sink device of claim 1, wherein the memory comprises a
DisplayPort data address space configured to store the first configuration data

and the second configuration data.

3. The MST sink device of claim 1, wherein the first configuration data
comprises DisplayPort configuration data (DPCD) and the second configuration

data conforms at least partly to DPCD syntax.

4. The MST sink device of claim 1, wherein the second configuration
data comprises information for configuring the internal display to receive

compressed data packets.

5. The MST sink device of claim 1, wherein the second configuration
data comprises information for configuring the internal display to receive data

compressed using display stream compression (DSC).

6. The MST sink device of claim 1, wherein the second configuration

data comprises information for configuring the internal display for a dynamic

refresh rate (DRR).
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7. The MST sink device of claim 1, wherein the second configuration

data is received via a remote DPCD write message.

8. The MST sink device of claim 1, wherein the second configuration

data comprises information for configuring the internal display for panel self-

refresh (PSR).

9. A MST source device comprising:

a transmitter configured to communicate data to an external display in
communication with the MST sink via a physical link;

the transmitter further configured to communicate data to an internal
display of the MST sink via a logical link; and,

a transceiver configured to transmit first configuration data for the physical
link to the MST sink for storage in a memory, and to transmit second

configuration data for the logical link to the MST sink for storage in the memory.

10. The MST source device of claim 9, wherein the memory comprises a
DisplayPort data address space configured to store the first configuration data

and the second configuration data.

11. The MST source device of claim 9, wherein the first configuration
data comprises DisplayPort configuration data (DPCD) and the second

configuration data conforms at least partly to DPCD syntax.

12. The MST source device of claim 9, wherein the second configuration
data comprises information for configuring the internal display to receive

compressed data packets.

13. The MST source device of claim 9, wherein the second configuration
data comprises information for configuring the internal display to receive data

compressed using display stream compression (DSC).
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14. The MST source device of claim 9, wherein the second configuration
data comprises information for configuring the internal display for a dynamic

refresh rate (DRR).

15.  The MST source device of claim 9, wherein the second configuration
data comprises information for configuring the internal display for panel self-

refresh (PSR).

16. The MST source device of claim 9, wherein wherein the second

configuration data is transmitted via a remote DPCD write message.

17. A method for configuring a logical link within a MST sink
comprising:

configuring a receiver to communicate with a source device;

configuring a transmitter to communicate data from the receiver to an
external display via a physical link;

configuring a logical port to communicate data from the receiver to an
internal display via a logical link; and,

configuring a memory to store first configuration data for the physical link

and to store second configuration data for the logical link.

18.  The method of claim 17, further comprising configuring a
DisplayPort data address space of the memory to store the first configuration data

and the second configuration data.

19. The method of claim 17, wherein the first configuration data
comprises DisplayPort confliguration data (DPCD) and the second configuration

data conforms at least partly to DPCD syntax.

20. The method of claim 17, wherein the second configuration data
comprises information for configuring the internal display to receive compressed

data packets.
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21.  The method of claim 17, wherein the second configuration data
comprises information for configuring the internal display to receive data

compressed using display stream compression (DSC).

22. The method of claim 17, wherein the second configuration data
comprises information for configuring the internal display for a dynamic refresh

rate (DRR).

23.  The method of claim 17, wherein the second configuration data
comprises information for configuring the internal display for panel self-refresh

(PSR).

24.  The method of claim 17, wherein the logical port is configured via a

remote DPCD write message.

25. A MST sink device comprising:

a receiver configured to communicate with a source device;

a transmitter configured to communicate data from the receiver to an
external display via a physical link;

a logical port configured to communicate data from the receiver to a display
via a non-DisplayPort (DP) link; and,

a memory configured to store first configuration data for the physical link

and to store second configuration data for the non-DP link.

26.  The MST sink device of claim 25, wherein the memory comprises a
DisplayPort data address space configured to store the first configuration data

and the second configuration data.

27. The MST sink device of claim 25, wherein the first configuration data
comprises DisplayPort configuration data (DPCD) and the second configuration

data conforms at least partly to DPCD syntax.
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28. The MST sink device of claim 25, wherein the second configuration
data comprises information for configuring the non-DP display to receive

compressed data packets.

29. The MST sink device of claim 25, wherein the second configuration
data comprises information for configuring the non-DP display to receive data

compressed using display stream compression (DSC).

30. The MST sink device of claim 25, wherein the second configuration
data comprises information for configuring the non-DP display for a dynamic

refresh rate (DRR).

31. The MST sink device of claim 25, wherein the second configuration
data comprises information for configuring the non-DP display for panel self-

refresh (PSR).

32. The MST sink device of claim 25, wherein the second configuration

data is received via a remote DPCD write message.

33. A MST source device comprising:

a transmitter configured to communicate data to an external display in
communication with the MST sink via a physical link;

the transmitter further configured to communicate data to a non-DP
display of the MST sink via a non-DP link; and,

a transceiver configured to transmit first configuration data for the physical
link to the MST sink for storage in a memory, and to transmit second

configuration data for the non-DP link to the MST sink for storage in the memory.

34. 'The MST source device of claim 33, wherein the memory comprises a
DisplayPort data address space configured to store the first configuration data

and the second configuration data.
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35. The MST source device of claim 33, wherein the first configuration
data comprises DisplayPort configuration data (DPCD) and the second

configuration data conforms at least partly to DPCD syntax.

36. The MST source device of claim 33, wherein the second configuration
data comprises information for configuring the non-DP display to receive

compressed data packets.

37. The MST source device of claim 33, wherein the second configuration
data comprises information for configuring the non-DP display to receive data

compressed using display stream compression (DSC).

38. The MST source device of claim 33, wherein the second configuration
data comprises information for configuring the non-DP display for a dynamic

refresh rate (DRR).

39. The MST source device of claim 33, wherein the second configuration
data comprises information for configuring the non-DP display for panel self-

refresh (PSR).

40. The MST source device of claim 33, wherein the second configuration

data is transmitted via a remote DPCD write message.

41. A method for configuring a logical link within a MST sink
comprising:

configuring a receiver to communicate with a source device;

configuring a transmitter to communicate data from the receiver to an
external display via a physical link;

configuring a logical port to communicate data from the receiver to an non-
DP display via a non-DP link; and,

configuring a memory to store first configuration data for the physical link

and to store second configuration data for the non-DP link.
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42. The method of claim 41, further comprising configuring a
DisplayPort data address space of the memory to store the first configuration data

and the second configuration data.

43. The method of claim 41, wherein the first configuration data
comprises DisplayPort configuration data (DPCD) and the second configuration

data conforms at least partly to DPCD syntax.

44. The method of claim 41, wherein the second configuration data
comprises information for configuring the non-DP display to receive compressed

data packets.

45.  The method of claim 41, wherein the second configuration data
comprises information for configuring the non-DP display to receive data

compressed using display stream compression (DSC).

46. The method of claim 41, wherein the second configuration data
comprises information for configuring the non-DP display for a dynamic refresh

rate (DRR).

47. The method of claim 41, wherein the second configuration data

comprises information for configuring the non-DP display for panel self-refresh

(PSR).

48. The method of claim 41, wherein the logical port is configured using a

remote DPCD message.

.22-



PCT/CA2015/051168

WO 2016/090466

1/4

AICWDI

wmr\/,

saoiAsp 1nding

—

Bt e i o s s

|
|
!
|

Jeaup Inding

o s s s o g

o
d
|

) -

|
N—/!
|
|

10SS83004d

o ][

abeiois

90T )\\

wMM
saoiaep ndur
@ I

— nuﬁw.ia!m
A N i
Y eaup andut :
| A— i
b e eme I

N

Y

Z1T

001



PCT/CA2015/051168

WO 2016/090466

2/4

SPC—

Aepdsig uieyn Asieq
e ut Agjdsi(] [eusarxy

06¢

1 H0d dd

adda —

0T

Hod d4d

mvm‘\

09—,

HUIS IS

1 x4

\\Iomm

a

2 ¥0d
d| dd
d

.

[e21607

08¢~—

ST~

Aepdsiq ey Asieq
e Ui Agjdsi(] [eusaqur

XL
dd

304N0S

o

¢ Ol



PCT/CA2015/051168

WO 2016/090466

3/4

0l€~m

SHE—

Aejdsig uieyD Asieg
e u Agydsiq jfeusapd

~— Hodda | anda —

08E—~_

OTE~

SEE

Hod dd
owm\\.

AUIS 1S

HOd
dd

V\’ HiS

Xl
d4d

s0unos

S9€~- godaa

gw’“’aﬁwum

09—~ |exibo

0ee

T4

088~

Y S T N

Aepdsiq ueyy Asieq
B ul Aepdsiq jeuusiug

€ Ol



PCT/CA2015/051168

WO 2016/090466

4/4

(b

Shb—

Aedsig uieyD Asieg
2 Ui Aejdsiq [eussxdg

HOd 4G

asda

— (6t

01—~

Hed dd

o)

JUIS 1SH

o~

aoddn

08—

HOd dQ-UON

Hed
da

SEv

\\). 0%

X1
dd

sounosg

e 0 D

55b

08—~

STP—

Aejdsiq 4Q-uoN

v "Old



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2015/051168

A. CLASSIFICATION OF SUBJECT MATTER

IPC: GOGF 13/38 (2006.01), G09G 5/00 (2006.01), HO4L 12/70 (2013.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: GOGF 13/38 (2006.01), GO9G 5/00 (2006.01) , HO4L 12/70 (2013.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Google, Google Scholar, Questel Orbit (DisplayPort, display port, daisy chain, DPCD, internal, external, display, MST, multi stream, HDMIL,
virtual, configuration data, dvi, sink, video, converter, dual mode, adaptive syne, displayport 1.2a, dsc, drx, psr, refresh rate, panel self refresh)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

*Entire document especially Fig 2, par. 23*

December 2010 (06-12-2010),
Retrieved from the Internet:

ec-2010-rev-2b.pdt>
*Entire document especially p. 15, 19, 22*

Y US2014/0132835 A1 (MA) 15 May 2014 (15-05-2014)

Y D2: KOBAYASHL, “DisplayPort™ Ver.1.2 Overview™, DisplayPort Developer Conference, 6

<http://www.vesa.org/wp-content/uploads/2010/12/DisplayPort-DevCon-Presentation-DP-1.2-D

A Wiley, “Driving Multiple Displays from a Single DisplayPort Output”, DisplayPort, [online]
[retrieved on 29 July 2014 (29-07-2014)]. Retrieved from the Internet:
<http://www.displayport.org/cables/driving-multiple-displays-from-a-single-displayport-output/>

1-48

1-48

W Further documents are listed in the continuation of Box C.

See patent family annex.

*  |Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance
“E” |earlier application or patent but published on or after the international

filing date

“1” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0"” |document referring to an oral disclosure, use, exhibition or other means
“P” |document published prior to the international filing date but later than
the priority date claimed

w

ey

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
24 January 2016 (24-01-2016)

Date of mailing of the international search report
18 February 2016 (18-02-2016)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage 1, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Mehdi Ghayour (819) 639-0675

Form PCT/ISA/210 (second sheet ) (January 2015)

Page 2 of 4




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2015/051168

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

A

A: DENICOLAL, “A/l vou need to know about DisplayPort™, UNIGRAF, March 2009
(03-2009)

Wiley, “DisplayPort Technical Overview”, IEEE International Conference on Consumer
Electronics (ICCE) Advances and Challenges in HD Interconnects, 10 January 2011
(10-01-2011)

VESA, “DisplayPort vi.3 Feature Summary”, 18 September 2014 (18-09-2014)

Retrieved from the Internet: <
http://www.displayport.org/wp-content/uploads/2014/09/DP-1.3-Overview-for-VESA-v1.p
df>

CREPPS et al., “Understanding Multi-Stream”, VESA DisplayPort Workshop, Taipei, May
2013 (03-2013)

Smith, “VESA Adds Adaptive-Sync to DisplayPort 1.2a Standard; Variable Refresh Monitor
Move Forward”, AnandTech, 12 May 2014 (12-05-2014)

Retrieved from the Internet: <
http://www.anandtech.com/show/8008/vesa-adds-adaptivesync-to-displayport-12a-standard
-variable-refresh-monitors-move-forward>

Smith, “VESA Releases DisplayPort 1.3 Standard: 50% More Bandwidth, New Features”,
AnandTech, 16 September 2014 (16-09-2014)

Retrieved from the Internet: <
http://www.anandtech.com/show/8533/vesa-releases-displayport-13-standard-50-more-ban
dwidth-new-features>

US2009/0278763 Al (ZENG et al.) 12 November 2009 (12-11-2009)
*Entire document*

US2012/0063376 A1 (KAMBHATLA et al.) 15 March 2012 (15-03-2012)
*Entire document*

US2014/0055476 A1 (WANG) 27 February 2014 (27-02-2014)
*Entire Document*

Form PCT/ISA/210 (continuation of second sheet) (January 2015)

Page 3 of 4




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CA2015/051168

Patent Document Publication Patent Family
Cited in Search Report Date Member(s)
US2014132835A1 15 May 2014 (15-05-2014)
EP2733619A1
TW201418987A
TWI465919B

Publication
Date

21 May 2014 (21-05-2014)
16 May 2014 (16-05-2014)
21 December 2014 (21-12-2014)

US2009278763A1 12 November 2009 (12-11-2009)

US8237624B2 07 August 2012 (07-08-2012)
CN102084334A 01 June 2011 (01-06-2011)
CN102084334B 29 January 2014 (29-01-2014)
EP2300905A1 30 March 2011 (30-03-2011)
JP2011524992A 08 September 2011 (08-09-2011)
KR20110044171A 28 April 2011 (28-04-2011)
WO2009137061A1 12 November 2009 (12-11-2009)
US2012063376A1 15 March 2012 (15-03-2012)
US8594002B2 26 November 2013 (26-11-2013)
CN103202091A 10 July 2013 (10-07-2013)
EP2617263A2 24 July 2013 (24-07-2013)
EP2617263A4 26 August 2015 (26-08-2015)
SG188500A1 30 April 2013 (30-04-2013)
TW201230854A 16 July 2012 (16-07-2012)
TWI477184B 11 March 2015 (11-03-2015)
TW201513717A 01 April 2015 (01-04-2015)
WO2012036885A2 22 March 2012 (22-03-2012)
WO2012036885A3

10 May 2012 (10-05-2012)

US2014055476A1 27 February 2014 (27-02-2014)
US8884977B2

11 November 2014 (11-11-2014)

Form PCT/ISA/210 (patent family annex ) (January 2015)

Page 4 of 4




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

