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Presenter
Presentation Notes
Welcome to the webinar on National’s FPD-Link II SerDes solution for Displays in Automotive applications.



This seminar will focus on the FPD-Link II DS90UR241 / DS90UR124 chipset and the features and benefits they bring to the system.
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Panelists

• Alex Tan
– High Speed Data Path Marketing

• John Goldie
– High Speed Data Path Applications

Presenter
Presentation Notes
Our panelists are Alex Tan and John Goldie from the High Speed Data Path group.
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Objectives

• List which automotive applications are targeted for 
the DS90UR241/124 FPD-Link II chipset.

• Explain the key system benefits that the chipset 
delivers.

• Discuss the main features of the chipset and their 
value to the system.

• Suggest complementary products that support the 
FPD-link II chipset and expand its functionality.

Presenter
Presentation Notes
Key objectives for the webinar are listed above.



FPD-Link II Auto Display Applications 
DS90UR241 SER / DS90UR124 DES
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Presenter
Presentation Notes
The targeted application is a Flat Panel Display Link (FPD-Link II) interface connecting a graphic host to a target display over a long serial cable.  



The applications can be diverse ranging from Central Information Displays (CID) in the dashboard to entertainment displays in the headrest or flip-down modules from the roof for rear seat passengers as shown above.



The system value of the chipset is in the interconnect reduction taking a wide parallel graphic bus (which ranges from 21 to 30 signals) and narrowing it down to a single differential pair for high speed – long distance transport.



Targeted Applications 
DS90UR241 SER / DS90UR124 DES

• Mainly Used for Automotive Display Applications
– Central Information Display (CID)
– Rear Seat Entertainment (RSE)
– Instrumentation Display
– Navigation Display
– Other: e.g. Heads Up Display, Mirror Alternatives,….
– Camera / Sensor / Assist applications also

– WVGA format is most popular resolution
• 800 x 480 – WVGA resolution
• 18bpp (color depth, 6 bits of RGB) 
• clocks in the 30MHz range
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Presenter
Presentation Notes
Besides the classic CID and RSE applications, the displays are also used for instrumentation, navigation, heads-up display projectors, mirror replacements and other imaging / sensor applications.



The WVGA format is a common display resolution for most automotive applications. WVGA is a 800 X 480 resolution display usually at 18 bits per pixel color depth.  This requires clocks in the 30MHz range. This application is a perfect fit for the DS90UR241/124 chipset.  



Note standard VGA is 640 x 480.



FPD-Link II Chipset Overview 
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Presentation Notes
Chipset Overview



The SER’s wide parallel input connects easily to a wide variety of graphic hosts with up to 24 inputs, selectable clocking edge and LVCMOS levels.



Superior Signal Conditioning – adjustable VOD, Pre-emphasis, “RBS” coding, and a tight RX sensitivity.



True embedded clock – no REF Clock required, no training sequence, hot pluggable, and very robust!



EMI Minimizer Features – “RBS”, LVDS, SSC Compatible, RX Slew Rate control, PTO all help to minimize unwanted EMI.



RBS = Randomized, Balanced and Scrambled – “data coding”



Lock pin informs the system of the link’s status, and BIST mode supports link analysis and diagnostics.





Why?

• Why Automotive Displays?
– Safety, Quality of Life, Entertainment, and also Efficiency!

• Why Serial?
– Less cabling, lower cost, less pins, less weight, smaller 

holes in frame, higher gas mileage! 
• Why LVDS Signaling?

– Differential transmission is very robust to noise, also can 
deliver the bandwidth needed, enables single pair, long 
cable drive, de-facto standard

• Why National?
– Proven track record in Display Interface, Inventors of LVDS, 

High Quality and Volume Manufacturing (AEC-Q100)
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Presenter
Presentation Notes
Here are a few examples to support the points above –



Removing side view mirrors and replacing them with a camera / display system improves gas mileage by reducing wind drag.



Serial cables are smaller, thus lighter, and easier to route, besides being lower cost.



Differential is very robust due to its inherent common-mode noise rejection capability, thus the integrity of the visual information is very high.



National has a long history in the Display Interface application space with many Industry firsts.



Display Interface & Systems 
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National invents
FPD-Link II 

True Embedded Clock 
SerDes for automotive 

applications

Mobile Pixel Link 
(MPL) for Mobile 

Devices

National invents PPDS™ 
for LCD TVs
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Invents
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FPD-Link

1st FPD-Link 
TCONs for 

Notebook PCs

National invents 
RSDS for LCD 

Monitors and TV’s

1995 1998 2000 20092005 2006

Presenter
Presentation Notes
Here we see a time line of the innovation that National has brought to Displays over the last two decades.



These include: LVDS, FPD-Link (I), RSDS, PPDS, MPL and now FPD-Link II.  

http://images.google.com/imgres?imgurl=http://www.lakewoodconferences.com/direct/dbimage/50311684/LCD_Monitor.jpg&imgrefurl=http://www.lakewoodconferences.com/catalog/96/97/521/205472/lcd_monitor.html&h=360&w=360&sz=27&hl=en&start=26&um=1&tbnid=Towh0M76KPeIUM:&tbnh=121&tbnw=121&prev=/images%3Fq%3Dlcd%2Bmonitor%26start%3D18%26ndsp%3D18%26um%3D1%26hl%3Den%26sa%3DN


Auto Infotainment 
Application Diagram
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HOST – A central unit that tends to collect many different video sources and then performs additional processing (split screen, overlays, etc) and then outputs the video data for transmission.



CABLE – 4-conductor quad cable, or 2 twisted pairs with an overall shield are common cable types (note only 2 wires are required).  Connectors tend to be OEM specified, and are heavy duty with tight locking mechanisms and capable of high strain (pull).



CID applications – 1 to 3 meter cable is common.

RSE applications – 7 to 10 meter cable is common and multiple connectors.



TARGET – a Display module, that includes the TCON (Timing Controller) and other display electronics (column and source drivers).



Key Features to Note

• SERDES & LVDS – enables Single Pair Link
• 24 bit payload (supports 18bit color + control + AUX)
• SigCon for extended length interconnects – 10m
• EMI Minimizer Features

– Serial Randomization, Balancing & Scrambling
• Improves Signal Quality, Reduces EMI, Supports AC coupling 

for fault tolerance
– Low EMI Parallel Output (SSO reducer, SLEW control)

• No REF Clock required on DES 
• BIST mode (factory test, diagnostics)
• AEC-Q100 level 2 (Auto Qualified)

10

Presenter
Presentation Notes
LVDS enables the high-speed transmission to obtain the serial interconnect.

  

The 24 bits maybe used for a variety of functions from RGB, video control or audio and or other control bits.



The advance Signal Conditioning features enable the long lengths, with RSE applications commonly needing 7 to 10 meters lengths.



The chipset has many features to minimize EMI, critical for a low noise application and to minimize interference with other systems (radios).



And three more super features too!



LVDS PHY Layer

• Small differential swing
• Low current magnitude
• Equal and opposite currents
• Wide common mode range
• High noise rejection
• Proven, Reliable, & Robust
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EYE @ 25MHz (700Mbps), 10 meters, No PRE, ±450mV

LVDS

Presenter
Presentation Notes
LVDS – Low Voltage Differential Signaling – key attributes are listed above along with a example eye pattern.  By triggering on the input clock, a sync can be established to show the embedded clock bits.  This eye is at the end of a 10 meter cable and is at 700Mbps.  Quality of merit observations in the eye pattern are equal bit widths at the 0V crossing (center) and eye height.



FPD-Link II Payload
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Presenter
Presentation Notes
A 24 bit payload is available to the application.  In a standard 18bpp Display application there are six red bits, six green bits, and six blue bits per pixel.  This leaves 6 additional bits that are assigned to the three video control signals (VS, HS, and DE) and 3 additional bits that can be used for other control signals or audio (I2S for example).  Note that the data payload bits are randomized, scrambled and balanced to improve transmission, reduce EMI and remove static patterns.  



Thus for every clock 24 bits are sent over 28-bit payload, making the bus over 85% efficient beating the common 8b/10b scheme.



Oversample I2S for Audio transport

13

FPD-Link II

Presenter
Presentation Notes
Details on the oversampling scheme used to send I2S over the additional AUX bits.  This is an example of use of the additional 3 bits in the payload.



Why Signal Conditioning?
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Inter Symbol Interference (ISI) and LOSS

Real World Differential Signal
Eye pattern is the collection of many overlaying patterns

Effect 
of ISI

0          1           0            1           1            1  1           0            1

Single 
Ended
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Differential 
Signal

Presenter
Presentation Notes
First we can compare LVCMOS to LVDS – LVCMOS swings are too large for high speed transmission and would generate too much noise and require too much power to be used, besides their noise margin limitations.



LVDS is ideal due to its low swing, low current, low noise, and support for high speed transmission with excellent noise rejection capability.



However, Loss is still a concern for both signaling technologies.  Loss is a function of the channel, and also the data pattern / rate.  High frequency components tend to get more effected than low frequency components.  To combat this issues, signal conditioning is used.



Pre-Emphasis Signal Conditioning  

• 1-bit Pre-Emphasis Waveforms (SE & Diff – above)
• 010001 Example Data Pattern (above)
• Duration of Pre-E is 1 bit time
• Amplitude is controlled by RPRE resistor
• Typical ‘EYE’ at 1Gbps (10m) shown on the right –

– Note trigger on TCLK in to sync to the embedded clock edge – 
with Pre-E, you get less jitter, and more amplitude margin.

No Pre-E Eye

Pre-E EYE

SE

DIFF

VOD_PE
VOD

0 1 0 0 0 1

Presenter
Presentation Notes
The DS90UR241 SER features a 1-bit Pre-Emphasis scheme to extend cable length when needed.  An external resistor is used to set the magnitude of the Pre-Emphasis swing.  This additional swing is present for a full bit time.  If the following bit is the same logic state, the additional current is disabled and the VOD decreases.  When the transition comes to the opposite state, again the current is turned on and the full swing is once again obtained.  



The line art drawing shows a 010001 data pattern.



Pre-Emphasis helps to reduce jitter and also increases the eye height, both improving data recovery.  



Two system eye patterns are also shown where the entire 28-bit payload can be seen with and without Pre-emphasis after a 10 meter cable at ~ 1Gbps.



1-bit Pre-Emphasis Driver (cont.)

• 1 bit Pre-Emphasis  (DS90UR241)
• RPRE sets the amplitude, 1 full bit time duration
• Pattern shown: 0110
• Plus: Better Signal Quality, Length
• Minus: additional power, larger signal
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PRE=OFF RPRE=6K

Presenter
Presentation Notes
Here are additional scope shots showing a 0110 data pattern and differential waveform.  With 1-bit Pre-Emphasis the larger swing is used after a logic transition as seen on the right.  



DC Balancing (Sending many 1s or 0s)
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F F F F F F F F                 DATA

+4 +4 +4 +4 +4 +4 +4 +4                CWD

+4 +8 +12 +16 +20 +24 +28 +32              RWD

F 0 F 0 F F F F                  DATA

+4 -4 +4 -4 +4 -4 +4 -4                 CWD

+4 0 +4 0 +4 0 +4 0                  RWD

Many 1s

Problem 
A “0” after 
many “1s”

NO Problem

Many 1s• Improved Signal Quality, Less EMI

• Supports AC Coupling, Fault Tolerant

• Low Overhead (DCA/DCB bits)

No DC Balancing

DC Balancing

Presenter
Presentation Notes
With Displays, a long stream of the same logic state is possible depending upon the color and the image displayed.  This causes trouble for the signal integrity as the cable can charge up and create additional undesired distortion.  By simply inverting every other payload the build up is controlled and signal integrity is improved.  See the example of a single “0” after many 1s above.  DC Balancing also enables the AC coupling of the link which is desired for fault tolerance, safety, and isolation.



CWD – current word disparity (i.e. count the ones in a row of the current word)

RWD – running word disparity (i.e. count the ones in a row)

DC Balance constrains the RWD is a limited value.





Randomize – Balance - Scramble

• Balance – controls running word disparity
– Supports AC coupling

• Randomize – combines data stream with a PRBS7
– Ensures transitions, ramdomizes beats

• Scramble – bit location changes on a clock to clock 
basis
– Beat elimination

• Improved Signal Quality and Less EMI
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Presenter
Presentation Notes
In addition to DC Balance as just described, the FPD-Link II chipset provides additional Randomization and Scrambling of the data.



This also improves signal quality and ensuring a minimize number of transitions.  This also improves EMI by defeating static patterns that can have a strong beat to them at certain frequencies (less EMI), and it also provides additional security to the data stream by applying this unique encoding.  This is particularly important to protect high definition digital content.



EMI Minimizer Features

• LVDS I/O – current mode, 
low swing

• RBS – reduces pathological 
patterns

• PTO – Reduces SSO Noise / 
EMI (2 options)

• SLEW – 2mA / 4mA drive 
option
– Soft edges for less noise

• SSC compatible

19

EMI

Presenter
Presentation Notes
EMI is also of great concern to a system.  The less noise one generates, the less interference there is to adjacent systems (such as the AM/FM radio, or Cell Phone reception).  The chipset addresses noise in multiple ways to gain the maximum amount of EMI minimization at all levels.



LVDS is used as the physical layer to generate little noise across the cable.



The “RBS” coding is used to counteract static data patterns and remove beats.



PTO (described next) is used to reduce noise at the DES output along with a slew rate control option to lower the edge rate of the output signals.



The chipset is also capable of supporting a system level spread spectrum clock, and will pass along a spreading clock (ie 30kHz and a few % deviation).



DES Dynamically Staggered Parallel 
Outputs with Spread Spectrum Clocking

Fixed PTO (F-PTO) Frequency Spread PTO (FS-PTO)

(PTOSEL=H) (PTOSEL=L)

• Limit the number of outputs switching at a time

• Additional frequency spreading option

• Less noise on the power supply

Presenter
Presentation Notes
Here is an actual scope plot of the PTO feature in action.

To limit the number of outputs that can switch at one time, the PTO (Progressive Turn On) is provided.  Two options are supported:



FIXED_PTO (F-PTO) - The outputs are divided into three banks and are skewed in time on a fixed basis.  In this mode no mode than 9 outputs can switch at one time.



FREQUENCY SPREAD PTO (FS-PTO) - This mode is more dynamic and spreads out the data switching and clock to further reduce noise.  Once again only one bank is allowed to switch at a time so the number of outputs is again limited.  The spreading further helps to prevent harmonic noise based on unique data patterns.  It also address the periodic nature of the clock harmonics.



The first generation chipset (DS90C241/124) only provided standard output switching (all at once) and the F-PTO option.  The 2nd generation chipset (DS90UR241/124) makes F-PTO standard and offers the additional frequency spread (FS-PTO) option.







Built In Self Test (BIST) MODE

• Factory Test
– Functional
– EMI / cable testing / …..

• System Start Up
– Link Check

• Diagnostics
– Problem locator / system check

• BIST MODE – Verifies the link & reports the result!
– Provides a PASS output pin on the DES
– Advises that error rate is less than 1X10E-9
– Can count errors on data bus

21

PASS

RIN+/- PRBS

GOOD

“Green Light”

Presenter
Presentation Notes
BIST mode adds values to the system in multiple places.  It can be used in the factory to test a system and check link operation.  It can also be used as a test bed sending data across the link without a video source (clock only needed).  



In Application use – BIST can be run at system power up to verify the link is operational and working.



During service or trouble shooting, system testing can be performed to validate that the link is working and isolate the problem on the host or display side.



During normal operation, the LOCK output maybe used to indicate a link status and informs the system that the clock recovery is operating properly and that there are no errors occuring on the C1 and C0 data recovery.



Schematic View (See Datasheet)
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Option 
for R1

Presenter
Presentation Notes
This image is from the datasheet and provides guidance on the most common application configuration for the devices.



The RX side termination is typically implemented in one of two ways.  For standard applications, a single 100 Ohm resistor is used across the inputs as shown.  Locate this resistor close to the RX input pins to minimize any resulting stub length.  



For applications in higher noise environments, the center tap termination network is recommended.  The 100 ohm termination is made with two 50 ohm resistors and the center point is connected to ground with a capacitor (4.7nF typ.).  This provides a common mode filter point and additional link robustness to noise.



System Benefits

• Sleep Mode
– Power down the SER or DES to save power.

• SigCon (VODSEL, PRE)
– Advanced Signal Conditioning to extend the reach.

• TRFB & RRFB Pin
– Compatibility with a wide range of Hosts and Targets.

• RA OFF (C mode)
– Backwards compatible mode with DS90C241 / DS90C124.

• RX LOCK Pin
– Link status pin.

• Random Lock – No REF Clock needed!
– Save cost by not needing expensive REF Clocks.
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Presenter
Presentation Notes
Additional featured provided are:

Sleep mode – a control pin on the SER and DES allows the link to be powered down to save power when the system is not in use.



The LVDS signal swing can also be increased for long distance applications.



The TRFB and RRFB pins set which clock edge is used to strobe the data on, allowing the support of either polarity host and target devices.



The RAOFF disables the Randomizer function and provides backward compatibility with the first generation of FPD-Link II Ser/Des devices (DS90C241 / DS90C124).



The Lock Output pins allows the system to determine the link’s status and is also a coarse BERT indicator.



Last but by no means least, is the unique DES architecture does not require the use of a local reference clock.  These are expensive, consume power, and generate an additional clock noise.



DS90UR124/241Q Advantages

• Single Pair Video Interconnect
• Supports 18 bit color + control + Aux / GPIO
• Signal Conditioning / 10 meter support
• Low EMI
• BIST mode
• Proven, Reliable & Robust

• Roadmap to 24 bit color, higher resolutions, 
advanced features, embedded control and more!
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Presenter
Presentation Notes
The FPD-Link II chipset delivers many strong system benefits.



It takes the wide parallel video bus and serializes it to a single pair with an embedded clock.  This lowers cost, solves  skew issues, reduces noise, and extends the link to great distances.  The chipset is optimized for WVGA displays and 18-bit color depth.  The EMI minimization features help to aid system design and minimize expensive shielding requirements while not sacrificing robustness.  The BIST mode benefits factory test, in-application use, and also test and diagnostics for trouble shooting.



FPD-Link II is proven, reliable and very robust!  In addition, the family has a roadmap to support higher color depths, higher resolutions, and even more improvements on signal quality and the utilization of the single pair interconnect!



Design Collateral

• DS90UR241/124 Datasheet: http://www.national.com/pf/DS/DS90UR241.html

• FPD-Link II Application Notes:
– AN-1807  http://www.national.com/an/AN/AN-1807.pdf

– AN-1826, AN-1898, AN-1909 
See:  http://www.national.com/apnotes/FPD-LinkII-EmbeddedClockLVDS__v3.html

• Evaluation Board: SERDESUR-43USB 
See:  http://www.national.com/store/view_item/index.html?nsid=SERDESUR-43USB

25

Presenter
Presentation Notes
Please visit the National website for additional support material.



Four FPD-Link II application notes are currently available along with a system evaluation kit that provides a SER board, a DES board and a sample interconnect (USB cable).  The BIST mode can easily be used to check out the link operation.

http://www.national.com/pf/DS/DS90UR241.html
http://www.national.com/an/AN/AN-1807.pdf
http://www.national.com/apnotes/FPD-LinkII-EmbeddedClockLVDS__v3.html
http://www.national.com/store/view_item/index.html?nsid=SERDESUR-43USB


FPD-Link II AEC Family

• DS90C241 / DS90C124
– Popular for lower clock rate apps and Camera applications

• DS90UR241 / DS90UR124
– Popular in Display applications 

Backward compatibility mode with DS90C241/124
• DS99R421 (SER w/ FPD-Link in)

– Use with FPD-Link_out Graphic Hosts
– Lower EMI due to LVDS input bus (vs. LVCMOS)

• Coming Soon Next Gen!
– More features, faster, higher resolutions, less wires, and 

much more!
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DS90C241/124 is the first generation FPD-Link II chipset.  The DS90UR241/124 devices are backward compatible with it by the use of the RAOFF function.



The DS99R421 is an alternative to the DS90UR241 SER.  If your graphic host features an FPD-Link (I) output, this is the device to serialize down that interface to a single pair to solve skew and distance problems.



National’s Automotive Family

27
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National offers a wide variety of automotive solutions, including:

 Safety

 Powertrain

 LED Lighting

 Interface

 Infotainment



Please visit http://www.national.com/analog/automotive for more information.



AECQ Information: http://www.national.com/analog/automotive/aecq
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For More Information

• FPD-Link II SER DS90UR241 Product Folder
– http://www.national.com/pf/DS/DS90UR241.html

• FPD-Link II DES DS90UR124 Product Folder
– http://www.national.com/pf/DS/DS90UR124.html

• Displays Feature Site
– http://www.national.com/analog/displays

• Automotive Feature Site
– http://www.national.com/analog/automotive

• AECQ Feature Site
– http://www.national.com/analog/automotive/aecq

Presenter
Presentation Notes
Additional WEB information is available at:

http://www.national.com/pf/DS/DS90UR241.html
http://www.national.com/pf/DS/DS90UR124.html
http://www.national.com/analog/displays
http://www.national.com/analog/automotive
http://www.national.com/analog/automotive/aecq
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Contact Information

• Alex Tan
– HSDP Marketing
– Alexander.Tan@nsc.com
– +1 408 721- 5561

• John Goldie
– HSDP Applications
– John.Goldie@nsc.com
– +1 408 721-2075

• Susan Poniatowski
– HSDP Applications
– Susan.Poniatowski@nsc.com
– +1 408 721-3921
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Contact information.
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