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DELIVERY OF DISPLAY SYMBOLS TO A 
DISPLAY SOURCE 

BACKGROUND 

[ 0009 ] FIG . 6 is a flowchart illustrating operations for 
sending display symbol data from a display source controller 
to a display panel in accordance with an example embodi 
ment ; and 
[ 0010 ] FIG . 7 is a flowchart illustrating operations for 
making a content display system in accordance with an 
example embodiment ; and 
10011 ] FIG . 8 illustrates a computing system that includes 
a data storage device in accordance with an example 
embodiment . 
[ 0012 ] Reference will now be made to the exemplary 
embodiments illustrated , and specific language will be used 
herein to describe the same . It will nevertheless be under 
stood that no limitation on technology scope is thereby 
intended . 

[ 0001 ] Display interfaces can allow audio / video to be 
transmitted from a source device to a display device . Com 
mon types of display interfaces include , but are not limited 
to , High - Definition Multimedia Interface ( HDMI ) , Display 
Port ( DP ) , embedded DisplayPort ( DP ) , or Mobile Industry 
Processor Interface ( MIPI ) display serial interface ( DSI ) . 
HDMI is a proprietary audio / video interface for transmitting 
uncompressed video data and compressed / uncompressed 
digital audio data from an HDMI - compliant source device , 
such as a display controller , to a compatible computer 
monitor , video projector , digital television or digital audio 
device . HDMI is a digital replacement for analog video 
standards . DisplayPort is a digital display interface that is 
standardized by the Video Electronics Standards Association 
( VESA ) . DisplayPort is an interface that is used to connect 
a video source to a display device , such as a computer 
monitor , and can carry audio and other forms of data . 
DisplayPort was designed to replace Video Graphics Array 
( VGA ) and Digital Visual Interface ( DVI ) . The DisplayPort 
interface is backward compatible with other interfaces , such 
as HDMI and DVI . eDP defines a standardized display panel 
interface for internal connections , e . g . , graphics cards to 
notebook display panels . The MIPI DSI defines a high - speed 
serial interface between a host processor and a display 
module . The MIPI DSI enables manufacturers to integrate 
displays to achieve high performance and improved imagery 
and video scenes . The MIPI DSI is commonly used for 
displays in smartphones , tablets , laptops and vehicles . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10002 ] Features and advantages of technology embodi 
ments will be apparent from the detailed description which 
follows , taken in conjunction with the accompanying draw 
ings , which together illustrate , by way of example , various 
technology features ; and , wherein : 
[ 0003 ] FIG . 1 illustrates a DisplayPort ( DP ) 1 . 4 specifi 
cation compatible pipeline for providing display symbol 
data to a display panel that is adapted for a Next Generation 
DP 1 . 5 specification in accordance with an example embodi 
ment ; 
[ 0004 ] FIG . 2A illustrates a data stream that includes 
display symbol data in accordance with a DisplayPort ( DP ) 
1 . 4 specification in accordance with an example embodi 
ment ; 
[ 0005 ] FIG . 2B illustrates a data stream that includes 
display symbol data in accordance with a DisplayPort ( DP ) 
1 . 4 specification compatible pipeline adapted for a Next 
Generation DP 1 . 5 specification in accordance with an 
example embodiment ; 
[ 0006 ] FIG . 3 illustrates a DisplayPort ( DP ) 1 . 4 specifi 
cation to Next Generation DP 1 . 5 specification symbol and 
lane mapping technique in accordance with an example 
embodiment ; 
00071 . FIG . 4 illustrates a Next Generation DisplayPort 
( DP ) 1 . 5 specification pipeline for providing display symbol 
data to a display panel in accordance with an example 
embodiment ; 
[ 0008 ] FIG . 5 illustrates a content display system in accor 
dance with an example embodiment ; 

DESCRIPTION OF EMBODIMENTS 
[ 0013 ] Before the disclosed technology embodiments are 
described , it is to be understood that this disclosure is not 
limited to the particular structures , process steps , or mate 
rials disclosed herein , but is extended to equivalents thereof 
as would be recognized by those ordinarily skilled in the 
relevant arts . It should also be understood that terminology 
employed herein is used for the purpose of describing 
particular examples or embodiments only and is not 
intended to be limiting . The same reference numerals in 
different drawings represent the same element . Numbers 
provided in flow charts and processes are provided for 
clarity in illustrating steps and operations and do not nec 
essarily indicate a particular order or sequence . 
[ 0014 ] . Furthermore , the described features , structures , or 
characteristics can be combined in any suitable manner in 
one or more embodiments . In the following description , 
numerous specific details are provided , such as examples of 
layouts , distances , network examples , etc . , to provide a 
thorough understanding of various technology embodi 
ments . One skilled in the relevant art will recognize , how 
ever , that such detailed embodiments do not limit the overall 
technological concepts articulated herein , but are merely 
representative thereof . 
[ 0015 ] As used in this written description , the singular 
forms “ a , ” “ an ” and “ the ” include express support for plural 
referents unless the context clearly dictates otherwise . Thus , 
for example , reference to " a port ” includes a plurality of 
such ports . 
[ 0016 ] Reference throughout this specification to " an 
example ” means that a particular feature , structure , or char 
acteristic described in connection with the example is 
included in at least one embodiment of the present invention . 
Thus , appearances of the phrases “ in an example ” or “ an 
embodiment " in various places throughout this specification 
are not necessarily all referring to the same embodiment . 
[ 0017 ] As used herein , a plurality of items , structural 
elements , compositional elements , and / or materials can be 
presented in a common list for convenience . However , these 
lists should be construed as though each member of the list 
is individually identified as a separate and unique member . 
Thus , no individual member of such list should be construed 
as a de facto equivalent of any other member of the same list 
solely based on their presentation in a common group 
without indications to the contrary . In addition , various 
embodiments and example of the present invention can be 
referred to herein along with alternatives for the various 
components thereof . It is understood that such embodiments , 
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examples , and alternatives are not to be construed as defacto 
equivalents of one another , but are to be considered as 
separate and autonomous representations under the present 
disclosure . 
[ 0018 ] Furthermore , the described features , structures , or 
characteristics can be combined in any suitable manner in 
one or more embodiments . In the following description , 
numerous specific details are provided , such as examples of 
layouts , distances , network examples , etc . , to provide a 
thorough understanding of invention embodiments . One 
skilled in the relevant art will recognize , however , that the 
technology can be practiced without one or more of the 
specific details , or with other methods , components , layouts , 
etc . In other instances , well - known structures , materials , or 
operations may not be shown or described in detail to avoid 
obscuring aspects of the disclosure . 
[ 0019 ] In this disclosure , “ comprises , " " comprising , " 
" containing ” and “ having ” and the like can have the mean 
ing ascribed to them in U . S . Patent law and can mean 
“ includes , ” “ including , " and the like , and are generally 
interpreted to be open ended terms . The terms " consisting 
of ” or “ consists of " are closed terms , and include only the 
components , structures , steps , or the like specifically listed 
in conjunction with such terms , as well as that which is in 
accordance with U . S . Patent law . " Consisting essentially of ” 
or " consists essentially of " have the meaning generally 
ascribed to them by U . S . Patent law . In particular , such terms 
are generally closed terms , with the exception of allowing 
inclusion of additional items , materials , components , steps , 
or elements , that do not materially affect the basic and novel 
characteristics or function of the item ( s ) used in connection 
therewith . For example , trace elements present in a compo 
sition , but not affecting the compositions nature or charac 
teristics would be permissible if present under the “ consist 
ing essentially of " language , even though not expressly 
recited in a list of items following such terminology . When 
using an open ended term in this written description , like 
" comprising ” or “ including , " it is understood that direct 
support should be afforded also to “ consisting essentially of ” . 
language as well as " consisting of " language as if stated 
explicitly and vice versa . 
[ 0020 ] The terms “ first , ” “ second , ” “ third , ” “ fourth , ” and 
the like in the description and in the claims , if any , are used 
for distinguishing between similar elements and not neces 
sarily for describing a particular sequential or chronological 
order . It is to be understood that any terms so used are 
interchangeable under appropriate circumstances such that 
the embodiments described herein are , for example , capable 
of operation in sequences other than those illustrated or 
otherwise described herein . Similarly , if a method is 
described herein as comprising a series of steps , the order of 
such steps as presented herein is not necessarily the only 
order in which such steps may be performed , and certain of 
the stated steps may possibly be omitted and / or certain other 
steps not described herein may possibly be added to the 
method . 
[ 0021 ] As used herein , comparative terms such as 
“ increased , ” “ decreased , ” “ better , ” “ worse , " “ higher , " 
“ lower , ” “ enhanced , ” “ maximized , ” “ minimized , ” and the 
like refer to a property of a device , component , or activity 
that is measurably different from other devices , components , 
or activities in a surrounding or adjacent area , in a single 
device or in multiple comparable devices , in a group or 
class , in multiple groups or classes , or as compared to the 

known state of the art . For example , a data region that has 
an “ increased ” risk of corruption can refer to a region of a 
memory device which is more likely to have write errors to 
it than other regions in the same memory device . A number 
of factors can cause such increased risk , including location , 
fabrication process , number of program pulses applied to the 
region , etc . 
[ 0022 ] As used herein , the term “ substantially ” refers to 
the complete or nearly complete extent or degree of an 
action , characteristic , property , state , structure , item , or 
result . For example , an object that is " substantially ” 
enclosed would mean that the object is either completely 
enclosed or nearly completely enclosed . The exact allowable 
degree of deviation from absolute completeness may in 
some cases depend on the specific context . However , gen 
erally speaking the nearness of completion will be so as to 
have the same overall result as if absolute and total comple 
tion were obtained . The use of " substantially ” is equally 
applicable when used in a negative connotation to refer to 
the complete or near complete lack of an action , character 
istic , property , state , structure , item , or result . For example , 
a composition that is “ substantially free of particles would 
either completely lack particles , or so nearly completely lack 
particles that the effect would be the same as if it completely 
lacked particles . In other words , a composition that is 
“ substantially free of an ingredient or element may still 
actually contain such item as long as there is no measurable 
effect thereof . 
[ 0023 ] As used herein , the term “ about ” is used to provide 
flexibility to a numerical range endpoint by providing that a 
given value may be a little above ” or “ a little below ” the 
endpoint . However , it is to be understood that even when the 
term “ about " is used in the present specification in connec 
tion with a specific numerical value , that support for the 
exact numerical value recited apart from the “ about ” termi 
nology is also provided . 
10024 ] The term " coupled , ” as used herein , is defined as 
directly or indirectly connected in an electrical or nonelec 
trical manner . “ Directly coupled ” objects or elements are in 
physical contact with one another and are attached . Objects 
described herein as being " adjacent to ” each other may be in 
physical contact with each other , in close proximity to each 
other , or in the same general region or area as each other , as 
appropriate for the context in which the phrase is used . 
[ 0025 ] Numerical amounts and data may be expressed or 
presented herein in a range format . It is to be understood that 
such a range format is used merely for convenience and 
brevity and thus should be interpreted flexibly to include not 
only the numerical values explicitly recited as the limits of 
the range , but also to include all the individual numerical 
values or sub - ranges encompassed within that range as if 
each numerical value and sub - range is explicitly recited . As 
an illustration , a numerical range of “ about 1 to about 5 " 
should be interpreted to include not only the explicitly 
recited values of about 1 to about 5 , but also include 
individual values and sub - ranges within the indicated range . 
Thus , included in this numerical range are individual values 
such as 2 , 3 , and 4 and sub - ranges such as from 1 - 3 , from 
2 - 4 , and from 3 - 5 , etc . , as well as 1 , 1 . 5 , 2 , 2 . 3 , 3 , 3 . 8 , 4 , 4 . 6 , 
5 , and 5 . 1 individually . 
f0026 ] This same principle applies to ranges reciting only 
one numerical value as a minimum or a maximum . Further 
more , such an interpretation should apply regardless of the 
breadth of the range or the characteristics being described . 
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EXAMPLE EMBODIMENTS 
[ 0027 ] An initial overview of technology embodiments is 
provided below and then specific technology embodiments 
are described in further detail later . This initial summary is 
intended to aid readers in understanding the technology 
more quickly , but is not intended to identify key or essential 
technological features nor is it intended to limit the scope of 
the claimed subject matter . Unless defined otherwise , all 
technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill 
in the art to which this disclosure belongs . 
[ 0028 ] DisplayPort ( DP ) is a digital display interface 
developed by a consortium of chip manufacturers and stan 
dardized by the Video Electronics Standards Association 
( VESA ) . DisplayPort can be used to connect a video source 
to a display device such as a computer monitor , and can 
carry audio data , video data , universal serial bus ( USB ) data , 
and other forms of data . DisplayPort can rely on packetized 
data transmission , and unlike legacy standards that transmit 
a clock signal with each output , the DisplayPort protocol is 
based on small data packets known as micro packets , which 
can embed the clock signal within the data stream , which 
allows for higher resolution using a reduced number of pins . 
DisplayPort can be used to transmit audio and video simul 
taneously , although each is optional and can be transmitted 
without the other . 
[ 0029 ] A DisplayPort main link can be used for transmis 
sion of video and audio . The main link includes a number of 
unidirectional serial data channels that operate concurrently , 
which can be referred to as “ lanes ” herein . A standard 
DisplayPort connection can have 4 lanes , although some 
applications of DisplayPort can implement an increased 
number of lanes , such as 8 lanes . In a standard DisplayPort 
connection , each lane has a dedicated set of twisted - pair 
wires , and transmits data across the wires using differential 
signaling with American National Standards Institute 
( ANSI ) 8b / 10b encoding . In addition , a total bandwidth of 
the DisplayPort main link in a standard 4 - lane connection 
can be an aggregate of all the lanes . In other words , the total 
bandwidth ( or the number of binary digits transmitted per 
second ) can be equal to the bandwidth per lane multiplied by 
the number of lanes . 
[ 0030 ] DisplayPort offers a single - stream transport ( SST ) 
mode and a multi - stream transport ( MST ) mode . In SST 
mode , a standard single - display can be driven from one DP 
port on a source device . In MST mode , multiple independent 
displays can be driven from a single DP port on the source 
device . In the MST mode , the displays can be connected 
using a hub and / or by daisy - chaining . 
[ 0031 ] In the previous DisplayPort specification ( DP 1 . 4 ) , 
packets known as “ transfer units ” ( or TUs ) can be formed as 
a set of data and control symbols . The symbols can be 
serialized onto a physical link , which can be a serial link . In 
DP 1 . 4 , the number of lanes up to 4 and physical link 
frequencies up to 8 . 1 Gigahertz ( GHz ) can enable displays 
with 4K resolution and a 120 Hertz ( Hz ) refresh rate , as well 
as 5K resolution with a 60 Hz refresh rate . 
[ 0032 ] The Next Generation DisplayPort 1 . 5 specification 
( DP 1 . 5 or DP Next ) is targeting higher resolution and 
refresh rates as compared to DP 1 . 4 . The Next Generation 
DP 1 . 5 specification is expected to have backward compat 
ibility , e . g . the number of lanes is expected to be limited to 
4 , which is similar to DP 1 . 4 . For the Next Generation DP 
1 . 5 specification , the target link frequency is 20 GHz . Thus , 

the link frequency for DP 1 . 5 is expected to increase from 
8 . 1 GHz ( as defined in the DP 1 . 4 specification ) to 20 GHz . 
[ 0033 ] In one example , the terms “ DP 1 . 4 ” and “ DP 1 . 4 
specification ” and “ DP 1 . 4 protocol ” can be used inter 
changeably herein . In addition , the terms “ DP 1 . 5 ” and 
“ Next Generation DP 1 . 5 specification ” and “ Next Genera 
tion DP 1 . 5 protocol ” can be used interchangeably herein . 
[ 0034 ] In the Next Generation DP 1 . 5 specification , the 
link frequency is expected to increase from 8 . 1 GHz to 20 
GHz ( approximately three times ) , even though the number 
of lanes is expected to remain at 4 . Reusing the DP 1 . 4 
design of 4 lanes for a link frequency of 20 GHz would 
necessitate the logic to operate at nearly three times the 
current frequencies , which would be untenable . In other 
words , with the serial link frequency increasing by approxi 
mately three times with the number of lanes remaining the 
same , a symbol pipeline used to carry video and / or audio 
would also have to operate at corresponding higher frequen 
cies , which would not be feasible using the DP 1 . 4 design . 
[ 0035 ] Since the Next Generation DP 1 . 5 specification 
aims to reuse portions of the DP 1 . 4 protocol and imple 
mentation , an appropriate redefinition of the DP 1 . 4 speci 
fication is desired to minimize the impact to the previous 
implementations when operating at the new higher link 
frequencies ( e . g . , 20 GHz ) . Therefore , it is desirable to adapt 
the DP 1 . 4 implementations to target the higher link fre 
quencies expected in the Next Generation DP 1 . 5 specifi 
cation . More specifically , it is desirable to upgrade the 
symbol pipeline in the DP 1 . 4 implementations to generate 
data rates that match the higher link frequencies ( i . e . , higher 
link bandwidth ) expected in the Next Generation DP 1 . 5 
specification . 
10036 ] . In the DP 1 . 4 specification , pixel data can be 
received from a video source , and the pixel data can be 
remapped to data symbols . In addition to the data symbols , 
control symbols can be used to indicate key events and 
attributes of a frame . In the DP 1 . 4 specification , each 
symbol ( data symbol or control symbol ) is a byte ( 8 bits ) , 
and data symbols and control symbols can be packaged 
together to form transfer units . The transfer units can be 
defined in terms of symbols ( data symbols and control 
symbols ) . For example , one transfer unit may consist of 
anywhere from 32 to 64 symbols . The transfer units can be 
serialized over a physical serial link between a display 
source and a display panel . The symbol pipeline that carries 
the transfer units between the display source and the display 
panel can run at a defined frequency or bandwidth such that 
a throughput of the symbol pipeline matches a link fre 
quency or bandwidth . However , with the link frequency 
increasing from 8 . 1 GHz to 20 GHz ( approximately three 
times ) and the removal of 8b / 10b encoding overhead in the 
Next Generation DP 1 . 5 specification , the symbol pipeline 
would have to run at a link frequency or bandwidth that is 
approximately three times more than the previous DP 1 . 4 
design , which would not be a viable option . 
[ 0037 ] In the present technology , a symbol ( data symbol or 
control symbol ) can be redefined as a 32 - bit double word 
( DWord ) . In other words , rather than a symbol consisting of 
a byte or 8 bits , as defined in the 1 . 4 specification , a symbol 
can be defined to consist of a 32 - bit DWord in the Next 
Generation DP 1 . 5 specification . In the present technology , 
the transfer units can each comprise of 32 - bit DWords , as the 
symbols ( e . g . , data symbols and control symbols ) that are 
included in the transfer units can be DWords . By changing 
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the definition of a symbol size from 8 bits to 32 bits ( a 
multiple of 4 ) , a width of the symbol pipeline can be 
quadrupled and an operational frequency of the symbol 
pipeline can be lowered . Thus , a throughput of the symbol 
pipeline can be adjusted to match the link frequency or 
bandwidth . 
[ 0038 ] As described in further detail below , the processing 
of the transfer units in the symbol pipeline between the 
display source and the display panel can occur at a 32 - bit 
DWord granularity level , as opposed to an 8 - bit granularity 
level ( or byte level ) , as in the DP 1 . 4 specification . For 
example , as described in further detail below , pixel - to 
symbol conversion , encoding , scrambling , forward error 
correction ( FEC ) , etc . for transfer units that contain symbols 
of audio / video data can be performed at the 32 - bit DWord 
granularity level . 
[ 0039 ] FIG . 1 illustrates an example of a novel DP symbol 
pipeline 100 in which symbol data is processed at a 32 - bit 
DWord granularity level . The DP symbol pipeline 100 can 
be a DP 1 . 4 specification pipeline that provides display 
symbol data to a display panel that is adapted for a Next 
Generation DP 1 . 5 specification . In other words , the DP 
symbol pipeline 100 shown in FIG . 1 can be a DP 1 . 4 
specification pipeline that is modified to comply with the 
Next Generation DP 1 . 5 specification . The DP symbol 
pipeline 100 can be backwards compatible , such that the DP 
symbol pipeline 100 can support the Next Generation DP 1 . 5 
specification as well as the DP 1 . 4 specification and earlier 
specification versions . The DP symbol pipeline 100 can be 
used to provide the display symbol data as well as display 
symbol control data from a display source to the display 
panel . In addition , the DP symbol pipeline 100 can support 
sending a single stream of display symbol data , as in the SST 
mode , as well as multiple streams of display symbol data , as 
in the MST mode . 
[ 0040 ] In one example , the DP symbol pipeline 100 can 
include a display source ( or video pixel source ) in a native 
stream clock ( clk ) domain . The display source can be 
connected to a timing generator ( for framing multiplexing 
control ) . Display pixel data from the display source can be 
provided to a cross clock first - in first - out ( FIFO ) circuit , 
which can be connected to bus steering logic in a link 
symbol clk domain . The cross clock FIFO circuit can have 
a pixel interface with the bus steering logic . In one example , 
the bus steering logic in the DP symbol pipeline 100 can 
receive the display pixel data from the display source via the 
cross clock FIFO circuit , and the bus steering logic can 
perform a pixel - to - symbol conversion with the display pixel 
data . The bus steering logic can convert the display pixel 
data to the display symbol data , where the display symbol 
data comprises a plurality of 32 - bit DWords ( as opposed to 
8 - bit symbols as in the previous DP 1 . 4 protocol ) . In this 
example , the display symbol data can also include display 
symbol control data . The bus steering logic can obtain the 
display symbol data consisting of 32 - bit DWords from the 
display pixel data , and the bus steering logic can split or 
divide the display symbol data for each of a plurality of lanes 
( or unidirectional serial data channels ) . In this example , the 
bus steering logic can split or divide the display symbol data 
for four separate lanes . More specifically , the bus steering 
logic can send display symbol data to a symbol random 
access memory ( RAM ) for each of the four lanes , where a 
32 - bit symbol interface exists between the bus steering logic 
and each of the lanes . 

[ 0041 ] In one example , the pixel - to - symbol conversion 
can be specific to the DP protocol . Other standards , such as 
HDMI and MIPI , can send a whole pixel . For example , in 
HDMI , red ( R ) , green ( G ) and blue ( B ) components of a 
pixel can be sent on different lanes of a pipeline . 
[ 0042 ] In one example , display symbol data that has been 
received at a given lane can be processed in a similar manner 
as the other three lanes in the DP symbol pipeline 100 . For 
example , for each of the four lanes , the symbol RAM can 
receive the display symbol data via a 32 - bit symbol interface 
between the symbol RAM and the steering logic . The 
symbol RAM can perform various types of processing on 
the display symbol data , such as secondary data , delimiter / 
stuffing , packer , etc . functionalities , and an output can be 
combined with an output of the timing generator ( for fram 
ing multiplexing control ) , and then provided to an encryp 
tion block in a link layer . For each of the four lanes , the 
encryption block can provide the display symbol data ( hav 
ing a 32 - bit DWord granularity level ) for encoding , scram 
bling , FEC and two - way interleaving , pre - coding and par 
allel to serial ( P - S ) conversion . For each of the four lanes , 
the encoding , scrambling , FEC and two - way interleaving , 
pre - coding and P - S conversion can occur at a physical layer , 
and each can be performed at a 32 - bit DWord granularity 
level . 
10043 ] In one example , after the DP symbol pipeline 100 
is used to perform the encoding , scrambling , FEC and 
two - way interleaving , pre - coding and P - S conversion , etc . 
occurs at the physical layer at the 32 - bit DWord granularity 
level , the display symbol data can be sent to the display 
panel over a physical serial link . The display panel can 
perform appropriate functions , such as decoding , unscram 
bling , etc . and display the display symbol data on the display 
panel . 
[ 0044 ] In one example , the display symbol data can be 
sent as a burst to the four lanes in the DP symbol pipeline 
100 , and certain symbols in the display symbol data can be 
subject to a fill . For example , a given fill can be associated 
with a fill start and a fill end , and the fill can also be at a 
32 - bit DWord granularity level . Typically , DP panels do not 
have frame buffers , so even in a burst mode , a complete 
frame cannot be sent as a burst to the display panel . The 
display panel can have a certain amount of storage based on 
the DP specification . The display source can burst an amount 
of data that the display panel can store . While the display 
source waits for the data to be consumed by the display 
panel , the display source can send the fill ( or dummy data ) . 
[ 0045 ] In one example , the DP symbol pipeline 100 that 
converts the display pixel data to the display symbol data at 
the 32 - bit DWord granularity level and subsequently pro 
cessing the display symbol data at the 32 - bit DWord granu 
larity level accordingly can be implemented using a display 
source controller that is associated with the display source . 
The display symbol data that is outputted from the DP 
symbol pipeline 100 can be provided to the display panel . 
Therefore , both the display source controller and the display 
panel ( or panel sink ) can support this capability , i . e . , pixel 
to - symbol conversion and symbol processing at the 32 - bit 
DWord granularity level . 
[ 0046 ] In the configuration shown in FIG . 1 , the DP 
symbol pipeline 100 can support an increased link frequency 
of 20 GHz for both the SST mode and the MST mode , and 
the DP symbol pipeline 100 can be used to convert the 
display pixel data to display symbol data consisting of a 
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plurality of 32 - bit DWords , as opposed to 8 - bit symbols as 
in the previous DP 1 . 4 protocol . As a result , a width of the 
DP symbol pipeline 100 can be quadrupled and an opera 
tional frequency of the DP symbol pipeline 100 can be 
lowered , and without additional overhead resulting from 
changing the granularity level from 8 - bit symbols to 32 - bit 
DWords at the link layer . Thus , a throughput of the DP 
symbol pipeline 100 can be adjusted to match the link 
frequency or bandwidth , thereby allowing the DP symbol 
pipeline 100 to support an increase in link frequency from 
8 . 1 GHz to 20 GHz even though the DP symbol pipeline 100 
continues to have only four lanes . In other words , by 
changing the granularity level from 8 - bit symbols to 32 - bit 
DWords at the link layer , the increased link frequency of 20 
GHz can be supported by the DP symbol pipeline 100 , 
without actually increasing a frequency of the DP symbol 
pipeline 100 by three times ( e . g . , from 8 . 1 GHz to 20 GHz ) . 
[ 0047 ] In one example , in SST , display symbol control 
data ( e . g . , control symbols inserted for blank - start , blank - 
end , fill - start , dummy and fill - end ) can be defined to be four 
identical bytes . With the novel DP symbol pipeline 100 , the 
inserted display symbol control data would not cause addi - 
tional overhead since the display symbol control data are 
used to fill empty slots on a link , which is independent of a 
width of the DP symbol pipeline 100 . In another example , in 
MST , payload bandwidth management and virtual channel 
allocation in each multi - stream transport packet ( MTP ) can 
be in terms of 32 - bit DWords , and there is no additional 
overhead for control character insertion . 
10048 ] FIG . 2A illustrates an example of a data stream that 
includes display symbol data that is sent in a traditional DP 
pipeline in accordance with a DP 1 . 4 specification . As shown 
in FIG . 2A , the traditional DP pipeline can use a first lane 
( Lanel ) to send a byte at a corresponding time slot ( e . g . , 
Byte® at TS [ O ] , Bytel at TS [ 1 ] , Byte2 at TS [ 2 ] and Byte3 
at TS [ 3 ] ) . Similarly , as shown in FIG . 2A , the traditional DP 
pipeline can use a second lane ( Lanel ) , a third lane ( Lane2 ) 
and a fourth lane ( Lane3 ) to send four bytes at four corre 
sponding time slots , respectively . 
( 0049 ) FIG . 2B illustrates an example of a data stream that 
includes display symbol data that is sent in a novel DP 
pipeline . The novel DP pipeline ( as shown in FIG . 1 ) can be 
in accordance with a DP 1 . 4 specification compatible pipe 
line adapted for a Next Generation DP 1 . 5 specification . As 
shown in FIG . 2B , the novel DP pipeline can use a first lane 
( Lanel ) to send a DWord at a corresponding time slot ( e . g . , 
DWO at TS [ 0 ] , DW1 at TS [ 1 ] , DW2 at TS [ 2 ] and DW3 at 
TS [ 3 ] ) . Similarly , as shown in FIG . 2B , the novel DP 
pipeline can use a second lane ( Lanel ) , a third lane ( Lane2 ) 
and a fourth lane ( Lane3 ) to send four DWords at four 
corresponding time slots , respectively . 
[ 0050 ] In an alternative configuration , an entire DP pipe 
line can be widened from 4 lanes to 16 lanes . In the previous 
DP 1 . 4 protocol , four identical pipelines were used to each 
generate an 8 - bit symbol catering to a lane on a DP con 
nector . In the alternative configuration , to service the desired 
throughput specified in the Next Generation 1 . 5 specifica 
tion , four sets of four identical pipelines can be instantiated , 
with each set of four DP 1 . 4 lanes feeding a single Next 
Generation DP 1 . 5 lane running at 20 GHz . The mapping of 
DP 1 . 4 byte symbols and lanes to Next Generation DP 1 . 5 
DWord symbols and lanes is shown in detail below . 
[ 0051 ] FIG . 3 illustrates an example of a DP 1 . 4 specifi 
cation to Next Generation DP 1 . 5 specification symbol and 

lane mapping technique . As shown in FIG . 3 , a first DP 1 . 4 
pipeline can be used to receive pixel data for four separate 
DP 1 . 4 lanes ( e . g . , Lanel _ 3 , Lanel _ 2 , Lanel _ 1 and Lane0 _ 
0 ) . Each of these four lanes can include four bytes at four 
corresponding time slots , respectively . The four lanes of the 
first DP 1 . 4 pipeline can be mapped to a first Next Genera 
tion DP 1 . 5 lane ( e . g . , Lanel ) , which can be used to send a 
fourth of each of four 32 - bit DWords at four corresponding 
time slots , respectively . Similarly , a second DP 1 . 4 pipeline , 
a third DP 1 . 4 pipeline and a fourth DP 1 . 4 pipeline can be 
used to each receive pixel data for four separate DP 1 . 4 
lanes , respectively . The four lanes of each of the second DP 
1 . 4 pipeline , a third DP 1 . 4 pipeline and a fourth DP 1 . 4 
pipeline can be mapped to a second , third and fourth Next 
Generation DP 1 . 5 lane ( e . g . , Lanel , Lane2 and Lane3 ) , 
which can each be used to send a fourth of each of four 
32 - bit DWords at four corresponding time slots , respec 
tively . The four DP 1 . 4 pipelines that each have four separate 
lanes can work in parallel to create the four Next Generation 
DP 1 . 5 lanes . As a result , DP 1 . 4 byte symbols and lanes can 
be mapped to Next Generation DP 1 . 5 DWord symbols and 
lanes accordingly . 
[ 0052 ] In one example , the mapping of DP 1 . 4 byte 
symbols and lanes to Next Generation DP 1 . 5 DWord 
symbols and lanes shown in FIG . 3 can be applicable to both 
the SST mode and the MST mode . 
[ 0053 ] FIG . 4 illustrates an example of a Next Generation 
DP 1 . 5 specification pipeline for providing display symbol 
data to a display panel . In this configuration , to service a 
desired throughput specified in the Next Generation 1 . 5 
specification , four sets of four identical pipelines can be 
instantiated , with each set of four DP 1 . 4 lanes feeding a 
single Next Generation DP 1 . 5 lane running at 20 GHz . 
There can be four separate Next Generation DP 1 . 5 lanes , 
with each lane applying multiplexing , encryption , encoding , 
scrambling , FEC , pre - coding and P - to - S conversion accord 
ingly . 
[ 0054 ] As shown in FIG . 4 , for a given Next Generation 
DP 1 . 5 lane ( e . g . , Lanel ) , pixel data received for four 
separate DP 1 . 4 lanes can be mapped to a single Next 
Generation DP 1 . 5 lane , as shown in FIG . 3 . The single Next 
Generation DP 1 . 5 lane can be used to carry four 32 - bit 
DWords at four corresponding time slots ( or a fully formed 
single stream ) . The single stream can be provided to mul 
tiplexing logic ( in the case of MST ) . Then , the single stream 
can be provided to an encryption block , an encoding block , 
a scrambling block , an FEC block , a pre - coding block , and 
a P - to - S conversion block , respectively , that each function at 
a 32 - bit DWord granularity level . 
[ 0055 ] FIG . 5 illustrates a content display system 500 . The 
content display system 500 can include a display source 510 , 
a display source controller 520 and a display panel 530 . The 
display source controller 520 can include logic to receive 
display pixel data from the display source 510 . The display 
source controller 520 can include logic to convert the 
display pixel data to display symbol data that includes a 
plurality of 32 - bit double words ( DWords ) . The display 
source controller 520 can include logic to divide the display 
symbol data that includes the plurality of 32 - bit DWords for 
a number of unidirectional serial data channels . The display 
source controller 520 can include logic to process , for each 
unidirectional serial data channel , the display symbol data at 
a 32 - bit DWord granularity level . The display source con 
troller 520 can include logic to send the display symbol data 
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for each of the unidirectional serial data channels over a 
physical serial link to the display panel 530 . 
[ 0056 ] In one example , the display source controller 520 
and the display panel 530 can be in accordance with a Next 
Generation DisplayPort ( DP ) 1 . 5 specification . In addition , 
the display source controller 520 and the display panel 530 
can support a single stream ( SST ) transport mode or a 
multi - stream ( MST ) transport mode . 
[ 0057 ] In one example , the display source controller 520 
can redefine a granularity level of the display symbol data 
from a byte - level consisting of 8 bits to a DWord - level 
consisting of 32 bits to handle an increase in physical serial 
link frequency from 8 . 1 Gigahertz ( GHz ) to 20 GHz . The 
granularity level of the display symbol data can be redefined 
from the byte - level to the DWord - level to quadruple a 
symbol pipeline width and reduce an operational frequency 
of the symbol pipeline width , and adjust the operational 
frequency to match a physical serial link bandwidth . 
[ 0058 ] In one example , the display source controller 520 
can process the display symbol data for each unidirectional 
serial data channel by encrypting the display symbol data at 
the DWord granularity level . The display source controller 
520 can process the display symbol data for each unidirec 
tional serial data channel by encoding , for each unidirec 
tional serial data channel , the display symbol data at the 
DWord granularity level . The display source controller 520 
can process the display symbol data for each unidirectional 
serial data channel by scrambling , for each unidirectional 
serial data channel , the display symbol data at the DWord 
granularity level . The display source controller 520 can 
process the display symbol data for each unidirectional 
serial data channel by performing forward error correction 
( FEC ) and two - way interleaving , for each unidirectional 
serial data channel , the display symbol data at the DWord 
granularity level . The display source controller 520 can 
process the display symbol data for each unidirectional 
serial data channel by pre - coding , for each unidirectional 
serial data channel , the display symbol data at the DWord 
granularity level . The display source controller 520 can 
process the display symbol data for each unidirectional 
serial data channel by performing a parallel to serial ( P - S ) 
conversion , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level . In 
addition , the conversion and division of the display symbol 
data at the display source controller 520 can occur at a link 
layer , and the processing of the display symbol data for each 
unidirectional serial data channel at the display source 
controller 520 can occur at a physical layer . 
[ 0059 ] In one example , the display source controller 520 
can send a transfer unit ( TU ) that includes the display 
symbol data for each of the unidirectional serial data chan 
nels to the display panel 530 over the physical serial link , 
and the TU can include 32 to 64 32 - bit DWords . The TU can 
include display symbol control data that comprises a plu 
rality of DWords to indicate events and attributes of a frame . 
In addition , the unidirectional serial data channels can 
operate concurrently , and the number of unidirectional serial 
data channels can be equal to four in accordance with the 
Next Generation DisplayPort ( DP ) 1 . 5 specification . 
[ 0060 ] Another example provides a method 600 for mak 
ing a content display system , as shown in the flow chart in 
FIG . 6 . The method can be executed as instructions on a 
machine , where the instructions are included on at least one 
computer readable medium or one non - transitory machine 

readable storage medium . The method can include the 
operation of providing a display source , as in block 610 . The 
method can include the operation of providing a display 
panel that is communicatively coupled to the display source , 
as in block 620 . The method can include the operation of 
providing a display source controller that is communica 
tively coupled to the display source and the display panel , as 
in block 630 . The method can include the operation of 
configuring the display source controller to perform the 
following : receiving display pixel data from the display 
source ; converting the display pixel data to display symbol 
data that includes a plurality of 32 - bit double words 
( DWords ) ; dividing the display symbol data that includes the 
plurality of 32 - bit DWords for a number of unidirectional 
serial data channels ; processing , for each unidirectional 
serial data channel , the display symbol data at a 32 - bit 
DWord granularity level ; and sending the display symbol 
data for each of the unidirectional serial data channels over 
a physical serial link to the display panel , as in block 640 . 
10061 ] Another example provides a method 700 for send 
ing display symbol data from a display source controller to 
a display panel , as shown in the flow chart in FIG . 7 . The 
method can be executed as instructions on a machine , where 
the instructions are included on at least one computer 
readable medium or one non - transitory machine readable 
storage medium . The method can include the operation of 
receiving , at the display source controller , display pixel data 
from a display source , as in block 710 . The method can 
include the operation of converting , at the display source 
controller , the display pixel data to display symbol data that 
includes a plurality of 32 - bit double words ( DWords ) , as in 
block 720 . The method can include the operation of divid 
ing , at the display source controller , the display symbol data 
that includes the plurality of 32 - bit DWords for a number of 
unidirectional serial data channels , as in block 730 . The 
method can include the operation of processing , at the 
display source controller , for each unidirectional serial data 
channel , the display symbol data at a 32 - bit DWord granu 
larity level , as in block 740 . The method can include the 
operation of sending , from the display source controller , the 
display symbol data for each of the unidirectional serial data 
channels over a physical serial link to the display panel , as 
in block 750 . 
[ 0062 ] FIG . 8 illustrates a general computing system or 
device 800 that can be employed in the present technology . 
The computing system 800 can include a processor 802 in 
communication with a memory 804 . The memory 804 can 
include any device , combination of devices , circuitry , and 
the like that is capable of storing , accessing , organizing , 
and / or retrieving data . Non - limiting examples include SANS 
( Storage Area Network ) , cloud storage networks , volatile or 
non - volatile RAM , phase change memory , optical media , 
hard - drive type media , and the like , including combinations 
thereof . 
[ 0063 ] The computing system or device 800 additionally 
includes a local communication interface 806 for connec 
tivity between the various components of the system . For 
example , the local communication interface 806 can be a 
local data bus and / or any related address or control busses as 
may be desired . 
[ 0064 The computing system or device 800 can also 
include an I / O input / output ) interface 808 for controlling 
the I / O functions of the system , as well as for I / O connec 
tivity to devices outside of the computing system 800 . A 
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network interface 810 can also be included for network 
connectivity . The network interface 810 can control network 
communications both within the system and outside of the 
system . The network interface can include a wired interface , 
a wireless interface , a Bluetooth interface , optical interface , 
and the like , including appropriate combinations thereof . 
Furthermore , the computing system 800 can additionally 
include a user interface 812 , a display device 814 , as well as 
various other components that would be beneficial for such 
a system . 
[ 0065 ] The processor 802 can be a single or multiple 
processors , and the memory 804 can be a single or multiple 
memories . The local communication interface 806 can be 
used as a pathway to facilitate communication between any 
of a single processor , multiple processors , a single memory , 
multiple memories , the various interfaces , and the like , in 
any useful combination . 
[ 0066 ] Various techniques , or certain aspects or portions 
thereof , can take the form of program code ( i . e . , instruc 
tions ) embodied in tangible media , such as floppy diskettes , 
CD - ROMs , hard drives , non - transitory computer readable 
storage medium , or any other machine - readable storage 
medium wherein , when the program code is loaded into and 
executed by a machine , such as a computer , the machine 
becomes an apparatus for practicing the various techniques . 
Circuitry can include hardware , firmware , program code , 
executable code , computer instructions , and / or software . A 
non - transitory computer readable storage medium can be a 
computer readable storage medium that does not include 
signal . In the case of program code execution on program 
mable computers , the computing device can include a pro 
cessor , a storage medium readable by the processor ( includ 
ing volatile and non - volatile memory and / or storage 
elements ) , at least one input device , and at least one output 
device . The volatile and non - volatile memory and / or storage 
elements can be a RAM , EPROM , flash drive , optical drive , 
magnetic hard drive , solid state drive , or other medium for 
storing electronic data . The node and wireless device can 
also include a transceiver module , a counter module , a 
processing module , and / or a clock module or timer module . 
One or more programs that can implement or utilize the 
various techniques described herein can use an application 
programming interface ( API ) , reusable controls , and the 
like . Such programs can be implemented in a high level 
procedural or object oriented programming language to 
communicate with a computer system . However , the pro 
gram ( s ) can be implemented in assembly or machine lan 
guage , if desired . In any case , the language can be a 
compiled or interpreted language , and combined with hard 
ware implementations . Exemplary systems or devices can 
include without limitation , laptop computers , tablet comput 
ers , desktop computers , smart phones , computer terminals 
and servers , storage databases , and other electronics which 
utilize circuitry and programmable memory , such as house 
hold appliances , smart televisions , digital video disc ( DVD ) 
players , heating , ventilating , and air conditioning ( HVAC ) 
controllers , light switches , and the like . 

[ 0068 ] In one example , there is provided a display source 
controller . The display source controller can comprise logic 
to receive display pixel data from a display source . The 
display source controller can comprise logic to convert the 
display pixel data to display symbol data that includes a 
plurality of 32 - bit double words ( DWords ) . The display 
source controller can comprise logic to divide the display 
symbol data that includes the plurality of 32 - bit DWords for 
a number of unidirectional serial data channels . The display 
source controller can comprise logic to process , for each 
unidirectional serial data channel , the display symbol data at 
a 32 - bit DWord granularity level . The display source con 
troller can comprise logic to send the display symbol data for 
each of the unidirectional serial data channels over a physi 
cal serial link to a display panel . 
[ 0069 ] In one example of the display source controller , the 
display source controller can further comprise logic to : 
redefine a granularity level of the display symbol data from 
a byte - level consisting of 8 bits to a DWord - level consisting 
of 32 bits to handle an increase in physical serial link 
frequency from 8 . 1 Gigahertz ( GHz ) to 20 GHz . 
[ 0070 ] In one example of the display source controller , the 
granularity level of the display symbol data is redefined 
from the byte - level to the DWord - level to quadruple a 
symbol pipeline width and reduce an operational frequency 
of the symbol pipeline width , and adjust the operational 
frequency to match a physical serial link bandwidth . 
[ 0071 ] In one example of the display source controller , the 
logic to process the display symbol data for each unidirec 
tional serial data channel can further comprise logic to : 
encrypt the display symbol data at the DWord granularity 
level ; encode , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 
scramble , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; perform 
forward error correction ( FEC ) and two - way interleaving , 
for each unidirectional serial data channel , the display 
symbol data at the DWord granularity level ; pre - code , for 
each unidirectional serial data channel , the display symbol 
data at the DWord granularity level ; and perform a parallel 
to serial ( P - S ) conversion , for each unidirectional serial data 
channel , the display symbol data at the DWord granularity 
level . 
10072 ] In one example of the display source controller , the 
display source controller can further comprise logic to : send 
a transfer unit ( TU ) that includes the display symbol data for 
each of the unidirectional serial data channels to the display 
panel over the physical serial link , wherein the TU includes 
32 to 64 32 - bit DWords . 
[ 0073 ] In one example of the display source controller , the 
TU includes display symbol control data comprising of a 
plurality of DWords to indicate events and attributes of a 
frame . 

[ 0074 ] In one example of the display source controller , the 
unidirectional serial data channels operate concurrently , and 
the number of unidirectional serial data channels is equal to 
four in accordance with a Next Generation DisplayPort ( DP ) 
1 . 5 specification . 
[ 0075 ] In one example of the display source controller , 
conversion and division of the display symbol data occurs at 
a link layer , and processing of the display symbol data for 
each unidirectional serial data channel occurs at a physical 
layer . 

EXAMPLES 

[ 0067 ] The following examples pertain to specific tech 
nology embodiments and point out specific features , ele 
ments , or steps that can be used or otherwise combined in 
achieving such embodiments . 
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[ 0076 ] In one example of the display source controller , the 
display source controller and the display panel support a 
single stream ( SST ) transport mode or a multi - stream ( MST ) 
transport mode . 
[ 0077 ] In one example of the display source controller , the 
display source controller and the display panel are in accor 
dance with a Next Generation DisplayPort ( DP ) 1 . 5 speci 
fication . 
[ 0078 ] In one example , there is provided a content display 
system . The content display system can include a display 
source , a display panel and a display source controller . The 
display source controller can comprise logic to : receive 
display pixel data from the display source ; convert the 
display pixel data to display symbol data that includes a 
plurality of 32 - bit double words ( DWords ) ; divide the dis 
play symbol data that includes the plurality of 32 - bit 
DWords for a number of unidirectional serial data channels ; 
process , for each unidirectional serial data channel , the 
display symbol data at a 32 - bit DWord granularity level ; and 
send the display symbol data for each of the unidirectional 
serial data channels over a physical serial link to the display 
panel . 
[ 0079 ] In one example of the content display system , the 
display source controller further comprises logic to : redefine 
a granularity level of the display symbol data from a 
byte - level consisting of 8 bits to a DWord - level consisting of 
32 bits to handle an increase in physical serial link frequency 
from 8 . 1 Gigahertz ( GHz ) to 20 GHz . 
[ 0080 ] In one example of the content display system , the 
granularity level of the display symbol data is redefined 
from the byte - level to the DWord - level to quadruple a 
symbol pipeline width and reduce an operational frequency 
of the symbol pipeline width , and adjust the operational 
frequency to match a physical serial link bandwidth . 
[ 0081 ] In one example of the content display system , the 
logic in the display source controller to process the display 
symbol data for each unidirectional serial data channel 
further comprises logic to : encrypt the display symbol data 
at the DWord granularity level ; encode , for each unidirec 
tional serial data channel , the display symbol data at the 
DWord granularity level ; scramble , for each unidirectional 
serial data channel , the display symbol data at the DWord 
granularity level ; perform forward error correction ( FEC ) 
and two - way interleaving , for each unidirectional serial data 
channel , the display symbol data at the DWord granularity 
level ; pre - code , for each unidirectional serial data channel , 
the display symbol data at the DWord granularity level ; and 
perform a parallel to serial ( P - S ) conversion , for each 
unidirectional serial data channel , the display symbol data at 
the DWord granularity level . 
[ 0082 ] In one example of the content display system , the 
display source controller further comprises logic to : send a 
transfer unit ( TU ) that includes the display symbol data for 
each of the unidirectional serial data channels to the display 
panel over the physical serial link , wherein the TU includes 
32 to 64 32 - bit DWords . 
[ 0083 ] In one example of the content display system , the 
TU includes display symbol control data comprising of a 
plurality of DWords to indicate events and attributes of a 
frame . 
[ 0084 ] In one example of the content display system , the 
unidirectional serial data channels operate concurrently , and 

the number of unidirectional serial data channels is equal to 
four in accordance with a Next Generation DisplayPort ( DP ) 
1 . 5 specification . 
[ 0085 ] In one example of the content display system , 
conversion and division of the display symbol data at the 
display source controller occurs at a link layer , and process 
ing of the display symbol data for each unidirectional serial 
data channel at the display source controller occurs at a 
physical layer . 
[ 0086 ] In one example of the content display system , the 
display source controller and the display panel support a 
single stream ( SST ) transport mode or a multi - stream ( MST ) 
transport mode . 
[ 0087 ] In one example of the content display system , the 
display source controller and the display panel are in accor 
dance with a Next Generation DisplayPort ( DP ) 1 . 5 speci 
fication . 
[ 0088 ] In one example , there is provided a method of 
making a content display system . The method can include 
providing a display source . The method can include provid 
ing a display panel that is communicatively coupled to the 
display source . The method can include providing a display 
source controller that is communicatively coupled to the 
display source and the display panel . The method can 
include configuring the display source controller to perform 
the following : receiving display pixel data from the display 
source ; converting the display pixel data to display symbol 
data that includes a plurality of 32 - bit double words 
( DWords ) ; dividing the display symbol data that includes the 
plurality of 32 - bit DWords for a number of unidirectional 
serial data channels ; processing , for each unidirectional 
serial data channel , the display symbol data at a 32 - bit 
DWord granularity level ; and sending the display symbol 
data for each of the unidirectional serial data channels over 
a physical serial link to the display panel . 
[ 0089 ] In one example of the method of making the 
content display system , the method can further include 
configuring the display source controller logic to perform 
the following : redefining a granularity level of the display 
symbol data from a byte - level consisting of 8 bits to a 
DWord - level consisting of 32 bits to handle an increase in 
physical serial link frequency from 8 . 1 Gigahertz ( GHz ) to 
20 GHz . 
[ 0090 ] In one example of the method of making the 
content display system , the granularity level of the display 
symbol data is redefined from the byte - level to the DWord 
level to quadruple a symbol pipeline width and reduce an 
operational frequency of the symbol pipeline width , and 
adjust the operational frequency to match a physical serial 
link bandwidth . 
10091 ] In one example of the method of making the 
content display system , the method can further include 
configuring the display source controller logic to perform 
the following : encrypting the display symbol data at the 
DWord granularity level ; encoding , for each unidirectional 
serial data channel , the display symbol data at the DWord 
granularity level ; scrambling , for each unidirectional serial 
data channel , the display symbol data at the DWord granu 
larity level ; performing forward error correction ( FEC ) and 
two - way interleaving , for each unidirectional serial data 
channel , the display symbol data at the DWord granularity 
level ; pre - coding , for each unidirectional serial data channel , 
the display symbol data at the DWord granularity level ; and 
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performing a parallel to serial ( P - S ) conversion , for each 
unidirectional serial data channel , the display symbol data at 
the DWord granularity level . 
[ 0092 ] In one example of the method of making the 
content display system , the method can further include 
configuring the display source controller logic to perform 
the following : sending a transfer unit ( TU ) that includes the 
display symbol data for each of the unidirectional serial data 
channels to the display panel over the physical serial link , 
wherein the TU includes 32 to 64 32 - bit DWords . 
[ 0093 ] In one example of the method of making the 
content display system , the TU includes display symbol 
control data comprising of a plurality of DWords to indicate 
events and attributes of a frame . 
[ 0094 ] In one example of the method of making the 
content display system , the unidirectional serial data chan 
nels operate concurrently , and the number of unidirectional 
serial data channels is equal to four in accordance with a 
Next Generation DisplayPort ( DP ) 1 . 5 specification . 
[ 0095 ] In one example of the method of making the 
content display system , conversion and division of the 
display symbol data occurs at a link layer , and processing of 
the display symbol data for each unidirectional serial data 
channel occurs at a physical layer . 
[ 0096 ] In one example of the method of making the 
content display system , the display source controller and the 
display panel support a single stream ( SST ) transport mode 
or a multi - stream ( MST ) transport mode . 
[ 0097 ] In one example of the method of making the 
content display system , the display source controller and the 
display panel are in accordance with a Next Generation 
DisplayPort ( DP ) 1 . 5 specification . 
[ 0098 ] In one example , there is provided at least one 
non - transitory machine readable storage medium having 
instructions embodied thereon for sending display symbol 
data from a display source controller to a display panel . The 
instructions when executed by the display source controller 
can perform the following : receiving , at the display source 
controller , display pixel data from a display source ; con 
verting , at the display source controller , the display pixel 
data to display symbol data that includes a plurality of 32 - bit 
double words ( DWords ) ; dividing , at the display source 
controller , the display symbol data that includes the plurality 
of 32 - bit DWords for a number of unidirectional serial data 
channels ; processing , at the display source controller , for 
each unidirectional serial data channel , the display symbol 
data at a 32 - bit DWord granularity level ; and sending , from 
the display source controller , the display symbol data for 
each of the unidirectional serial data channels over a physi 
cal serial link to the display panel . 
[ 0099 ] In one example of the at least one non - transitory 
machine readable storage medium , the at least one non 
transitory machine readable storage medium can further 
comprise instructions when executed perform the following : 
redefining a granularity level of the display symbol data 
from a byte - level consisting of 8 bits to a DWord - level 
consisting of 32 bits to handle an increase in physical serial 
link frequency from 8 . 1 Gigahertz ( GHz ) to 20 GHz . 
[ 0100 ] In one example of the at least one non - transitory 
machine readable storage medium , the granularity level of 
the display symbol data is redefined from the byte - level to 
the DWord - level to quadruple a symbol pipeline width and 
reduce an operational frequency of the symbol pipeline 

width , and adjust the operational frequency to match a 
physical serial link bandwidth . 
10101 ] In one example of the at least one non - transitory 
machine readable storage medium , the at least one non 
transitory machine readable storage medium can further 
comprise instructions when executed perform the following : 
encrypting the display symbol data at the DWord granularity 
level ; encoding , for each unidirectional serial data channel , 
the display symbol data at the DWord granularity level ; 
scrambling , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; per 
forming forward error correction ( FEC ) and two - way inter 
leaving , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; pre 
coding , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; and 
performing a parallel to serial ( P - S ) conversion , for each 
unidirectional serial data channel , the display symbol data at 
the DWord granularity level . 
( 0102 ] In one example of the at least one non - transitory 
machine readable storage medium , the at least one non 
transitory machine readable storage medium can further 
comprise instructions when executed perform the following : 
sending a transfer unit ( TU ) that includes the display symbol 
data for each of the unidirectional serial data channels to the 
display panel over the physical serial link , wherein the TU 
includes 32 to 64 32 - bit DWords . 
0103 ] In one example of the at least one non - transitory 
machine readable storage medium , the TU includes display 
symbol control data comprising of a plurality of DWords to 
indicate events and attributes of a frame . 
[ 0104 ] In one example of the at least one non - transitory 
machine readable storage medium , the unidirectional serial 
data channels operate concurrently , and the number of 
unidirectional serial data channels is equal to four in accor 
dance with a Next Generation DisplayPort ( DP ) 1 . 5 speci 
fication . 
[ 0105 ] In one example of the at least one non - transitory 
machine readable storage medium , the display source con 
troller and the display panel are in accordance with a Next 
Generation DisplayPort ( DP ) 1 . 5 specification . 
[ 0106 ] While the forgoing examples are illustrative of the 
principles of invention embodiments in one or more par 
ticular applications , it will be apparent to those of ordinary 
skill in the art that numerous modifications in form , usage 
and details of implementation can be made without the 
exercise of inventive faculty , and without departing from the 
principles and concepts of the disclosure . 
What is claimed is : 
1 . A display source controller , comprising logic to : 
receive display pixel data from a display source ; 
convert the display pixel data to display symbol data that 

includes a plurality of 32 - bit double words ( DWords ) ; 
divide the display symbol data that includes the plurality 
of 32 - bit DWords for a number of unidirectional serial 
data channels ; 

process , for each unidirectional serial data channel , the 
display symbol data at a 32 - bit DWord granularity 
level ; and 

send the display symbol data for each of the unidirectional 
serial data channels over a physical serial link to a 
display panel . 

2 . The display source controller of claim 1 , further com 
prising logic to : redefine a granularity level of the display 
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symbol data from a byte - level consisting of 8 bits to a 
DWord - level consisting of 32 bits to handle an increase in 
physical serial link frequency from 8 . 1 Gigahertz ( GHz ) to 
20 GHz . 

3 . The display source controller of claim 2 , wherein the 
granularity level of the display symbol data is redefined 
from the byte - level to the DWord - level to quadruple a 
symbol pipeline width and reduce an operational frequency 
of the symbol pipeline width , and adjust the operational 
frequency to match a physical serial link bandwidth . 

4 . The display source controller of claim 1 , wherein the 
logic to process the display symbol data for each unidirec 
tional serial data channel further comprises logic to : 

encrypt the display symbol data at the DWord granularity 
level ; 

encode , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 

scramble , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 

perform forward error correction ( FEC ) and two - way 
interleaving , for each unidirectional serial data channel , 
the display symbol data at the DWord granularity level ; 

pre - code , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 
and 

perform a parallel to serial ( P - S ) conversion , for each 
unidirectional serial data channel , the display symbol 
data at the DWord granularity level . 

5 . The display source controller of claim 1 , further com 
prising logic to : send a transfer unit ( TU ) that includes the 
display symbol data for each of the unidirectional serial data 
channels to the display panel over the physical serial link , 
wherein the TU includes 32 to 64 32 - bit DWords . 

6 . The display source controller of claim 5 , wherein the 
TU includes display symbol control data comprising of a 
plurality of DWords to indicate events and attributes of a 
frame . 

7 . The display source controller of claim 1 , wherein the 
unidirectional serial data channels operate concurrently , and 
the number of unidirectional serial data channels is equal to 
four in accordance with a Next Generation DisplayPort ( DP ) 
1 . 5 specification . 

8 . The display source controller of claim 1 , wherein 
conversion and division of the display symbol data occurs at 
a link layer , and processing of the display symbol data for 
each unidirectional serial data channel occurs at a physical 
layer . 

9 . The display source controller of claim 1 , wherein the 
display source controller and the display panel support a 
single stream ( SST ) transport mode or a multi - stream ( MST ) 
transport mode . 

10 . The display source controller of claim 1 , wherein the 
display source controller and the display panel are in accor 
dance with a Next Generation DisplayPort ( DP ) 1 . 5 speci 
fication . 

11 . A content display system , comprising : 
a display source ; 
a display panel ; and 
a display source controller , comprising logic to : 

receive display pixel data from the display source ; 
convert the display pixel data to display symbol data 

that includes a plurality of 32 - bit double words 
( DWords ) ; 

divide the display symbol data that includes the plu 
rality of 32 - bit DWords for a number of unidirec 
tional serial data channels ; 

process , for each unidirectional serial data channel , the 
display symbol data at a 32 - bit DWord granularity 
level ; and 

send the display symbol data for each of the unidirec 
tional serial data channels over a physical serial link 
to the display panel . 

12 . The content display system of claim 11 , wherein the 
display source controller further comprises logic to : redefine 
a granularity level of the display symbol data from a 
byte - level consisting of 8 bits to a DWord - level consisting of 
32 bits to handle an increase in physical serial link frequency 
from 8 . 1 Gigahertz ( GHz ) to 20 GHz . 

13 . The content display system of claim 12 , wherein the 
granularity level of the display symbol data is redefined 
from the byte - level to the DWord - level to quadruple a 
symbol pipeline width and reduce an operational frequency 
of the symbol pipeline width , and adjust the operational 
frequency to match a physical serial link bandwidth . 

14 . The content display system of claim 11 , wherein the 
logic in the display source controller to process the display 
symbol data for each unidirectional serial data channel 
further comprises logic to : 

encrypt the display symbol data at the DWord granularity 
level ; 

encode , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 

scramble , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 

perform forward error correction ( FEC ) and two - way 
interleaving , for each unidirectional serial data channel , 
the display symbol data at the DWord granularity level ; 

pre - code , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 
and 

perform a parallel to serial ( P - S ) conversion , for each 
unidirectional serial data channel , the display symbol 
data at the DWord granularity level . 

15 . The content display system of claim 11 , wherein the 
display source controller further comprises logic to : send a 
transfer unit ( TU ) that includes the display symbol data for 
each of the unidirectional serial data channels to the display 
panel over the physical serial link , wherein the TU includes 
32 to 64 32 - bit DWords . 

16 . The content display system of claim 15 , wherein the 
TU includes display symbol control data comprising of a 
plurality of DWords to indicate events and attributes of a 
frame . 

17 . The content display system of claim 11 , wherein the 
unidirectional serial data channels operate concurrently , and 
the number of unidirectional serial data channels is equal to 
four in accordance with a Next Generation DisplayPort ( DP ) 
1 . 5 specification . 

18 . The content display system of claim 11 , wherein 
conversion and division of the display symbol data at the 
display source controller occurs at a link layer , and process 
ing of the display symbol data for each unidirectional serial 
data channel at the display source controller occurs at a 
physical layer . 
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19 . The content display system of claim 11 , wherein the 
display source controller and the display panel support a 
single stream ( SST ) transport mode or a multi - stream ( MST ) 
transport mode . 

20 . The content display system of claim 11 , wherein the 
display source controller and the display panel are in accor 
dance with a Next Generation DisplayPort ( DP ) 1 . 5 speci 
fication . 

21 . A method of making a content display system , the 
method comprising : 

providing a display source ; 
providing a display panel that is communicatively 

coupled to the display source ; 
providing a display source controller that is communica 

tively coupled to the display source and the display 
panel ; 

configuring the display source controller to perform the 
following : 
receiving display pixel data from the display source ; 
converting the display pixel data to display symbol data 

that includes a plurality of 32 - bit double words 
( DWords ) ; 

dividing the display symbol data that includes the 
plurality of 32 - bit DWords for a number of unidi 
rectional serial data channels ; 

processing , for each unidirectional serial data channel , 
the display symbol data at a 32 - bit DWord granular 
ity level ; and 

sending the display symbol data for each of the unidi 
rectional serial data channels over a physical serial 
link to the display panel . 

22 . The method of claim 21 , further comprising config 
uring the display source controller logic to perform the 
following : redefining a granularity level of the display 
symbol data from a byte - level consisting of 8 bits to a 
DWord - level consisting of 32 bits to handle an increase in 
physical serial link frequency from 8 . 1 Gigahertz ( GHz ) to 
20 GHz . 

23 . The method of claim 22 , wherein the granularity level 
of the display symbol data is redefined from the byte - level 
to the DWord - level to quadruple a symbol pipeline width 
and reduce an operational frequency of the symbol pipeline 
width , and adjust the operational frequency to match a 
physical serial link bandwidth . 

24 . The method of claim 21 , further comprising config 
uring the display source controller logic to perform the 
following : 

encrypting the display symbol data at the DWord granu 
larity level ; 

encoding , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 

scrambling , for each unidirectional serial data channel , 
the display symbol data at the DWord granularity level ; 

performing forward error correction ( FEC ) and two - way 
interleaving , for each unidirectional serial data channel , 
the display symbol data at the DWord granularity level ; 

pre - coding , for each unidirectional serial data channel , the 
display symbol data at the DWord granularity level ; 
and 

performing a parallel to serial ( P - S ) conversion , for each 
unidirectional serial data channel , the display symbol 
data at the DWord granularity level . 

25 . The method of claim 21 , further comprising config 
uring the display source controller logic to perform the 
following : sending a transfer unit ( TU ) that includes the 
display symbol data for each of the unidirectional serial data 
channels to the display panel over the physical serial link , 
wherein the TU includes 32 to 64 32 - bit DWords . 

26 . The method of claim 25 , wherein the TU includes 
display symbol control data comprising of a plurality of 
DWords to indicate events and attributes of a frame . 

27 . The method of claim 21 , wherein the unidirectional 
serial data channels operate concurrently , and the number of 
unidirectional serial data channels is equal to four in accor 
dance with a Next Generation DisplayPort ( DP ) 1 . 5 speci 
fication . 

28 . The method of claim 21 , wherein conversion and 
division of the display symbol data occurs at a link layer , and 
processing of the display symbol data for each unidirectional 
serial data channel occurs at a physical layer . 

29 . The method of claim 21 , wherein the display source 
controller and the display panel support a single stream 
( SST ) transport mode or a multi - stream ( MST ) transport 
mode . 

30 . The method of claim 21 , wherein the display source 
controller and the display panel are in accordance with a 
Next Generation DisplayPort ( DP ) 1 . 5 specification . 


