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How to Bridge HDMI/DVI to LVDS/OLDI

Ross Eisenbeis

ABSTRACT

This document provides an overview of how to connect HDMI (High-Definition Multimedia Interface) or DVI
(Digital Visual Interface) source to LVDS (Low Voltage Differential Signaling) or OLDI (OpenLDI) panel or
display. The two-chip solutions receive 3 TMDS (Transition Minimized Differential Signaling) pairs and a
clock, and output 4 or 8 LVDS/OLDI data pairs and clocks.

Trademarks
All trademarks are the property of their respective owners.

1 Block Diagrams
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Figure 1. DVI Receiver to a 1-channel LVDS/OLDI Transmitter
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Figure 2. DVI Receiver to a 2-channel LVDS/OLDI Transmitter

The DVI RX output is configurable with pin “PIXS”. When PIXS is Low, RGB data is output on 24 bits
(QE[23:0]). When PIXS is High, RGB data is split odd/even on 48-bits (QO[23:0] & QE[23:0]). The 4
additional bits are VSYNC, HSYNC, DE, and ODCK.
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2 1-Channel vs. 2-Channel

The choice between using a 1-channel or 2-channel LVDS/OLDI transmitter depends on what the
connecting panel uses. Most panels that receive LVDS/OLDI that have a resolution of < 1400 x 1050 use
1-channel, which consists of 3 or 4 LVDS/OLDI data pairs (depending on 18-bit or 24-bit color). Most
panels that have a resolution between 1400 x 1050 — 1920 x 1200 use a 2-channel receiver interface, with
6 or 8 LVDS data pairs.
3 The DVI RX
There are 4 recommended DVI receivers to choose from as shown in Table 1.
Table 1. DVI Receivers
Part Name Temperature Range (°C) Max Frequency (MHz) HDCP Automotive
TFP401A 0to 70 165 No No
TFP401A-EP -55 to 125 165 No No
TFP401A-Q1 -40 to 85 165 No Yes
TFP501 0to 70 165 Yes No
4 The LVDS TX
For LVDS/OLDI, there are 5 recommended devices shown in Table 2.
Table 2. LVDS Transmitters
Part Name Temperature Range (°C) | Frequency Range (MHz) Number of RGB Bits Automotive
SN65LVDS93A -40 to 85 10 to 135 24 No
SN65LVDS93A-Q1 -40 to 85 10 to 135 24 Yes
SN65LVDS93B -40 to 85 10 to 85 24 No
SN65LVDS93B-Q1 -40 to 85 10 to 85 24 Yes
DS90C387A -10 to 70 32.5 to 112/170 48 No
5 Notes on Common Resolutions
» 1280 x 800 and 720p normally use 1-channel LVDS/OLDI with a 70-75 MHz pixel clock.
e 1080p normally use 2-channel LVDS/OLDI with a 74.25 MHz pixel clock.
e 1080p 120 Hz normally use high frequency HDMI and 4-channel LVDS/OLDI; this is not supported.
» For further elaboration, visit this pixel clock requirements blog.
6 Design Guidelines

1. If using the SN65LVDS93A (93A), SN65LVDS93A-Q1 (93A-Q1), SN65LVDS93B (93B), or
SN65LVDS93B-Q1 (93B-Q1), set the power supply “IOVCC” to 3.3 V to match the DVI RX output that
is always 3.3 V.

2. Set the same clock edge for the two devices. For example, for rising edge the DVI RX pin “OCK_INV”
is High, and the LVDS TX pin “CLKSEL” (93A/93A-Q1/93B/93B-Q1) or “R_FB” (Ds90C387A) is also
set to High. When using the DS90C387A (387A), set pin “DUAL” to High to set the 48:8 mode.

3. Length match all data and control signals between devices to be within 400 mils of ODK with a
maximum distance of 6 inches.

4. The incoming TMDS data must be DVI-compliant, and not contain HDMI island data (that is, audio) or
deep color (more than 24 color bits).
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7 Pin Mapping Examples

The parallel pin mapping defines the sequence of bits in the LVDS/OLDI lanes. It must match the bit
sequence that the panel expects. The 1-channel and 2-channel examples below show common schemes,
to serve as a reference.

There are two color bit mapping standards that are commonly used, VESA and JEIDA. VESA (Video
Electronics Standard Association) is shown on the left in Figure 3, and JEIDA (Japan Electronic Industried
Development Association) is shown on the right in Figure 3. Different mapping standards can be achieved
by changing the DVI RX output is connected with LVDS TX input. The convention followed in 93A/93A-
Q1/93B/93B-Q1 is VESA, as shown in Table 3, but JEIDA is also shown as a reference.

93A/93A-Q1/93B/93B-Q1 serialization
CLKOUT — ] —

Y0 ( b7 D6 D4 D3 D2 D1 DO

Y1l ( D18 X D15 ) D14 { D13 ) D12 D9 D8

Y2 ( D26 X D25 X D24 ) D22 X D21 X D20 X D19

Y3 ( D23 ) D17 X D16 X D11 X D10 D5 D27

VESA JEIDA
CLK —| |7 CLK — ] [
YO { Go R5 R4 R3 R2 R1 RO YO0 ( G2 R7 R6 R5 R4 R3 R2
Y1 ( B1 BO X G5 \ G4 X G3 X G2 X Gi Y1l ( B3 B2 X\ G7 X G6 G5 X G4 X G3
Y2 { DE 'S HS B5 B4 B3 B2 Y2 ( DE 'S HS B7 B6 B5 B4
Y3 B7 B6 )| G7 X G6 R7 R6 Y3 B1 BO { G1 X GO R1 RO

Figure 3. 1-Channel LVDS Connection Example
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Table 3. 1-Channel LVDS Connection

DVI Output Description 93A/93A-Q1/93B/93B-Q1 Input
QE[0] BO (LSB) D15
QE[1] B1 D18
QE[2] B2 D19
QE[3] B3 D20
QE[4] B4 D21
QE[5] B5 D22
QE[6] B6 D16
QE[7] B7 (MSB) D17
QE[8] GO (LSB) D7
QE[9] Gl D8
QE[10] G2 D9
QE[11] G3 D12
QE[12] G4 D13
QE[13] G5 D14
QE[14] G6 D10
QE[15] G7 (MSB) D11

HSYNC HSYNC D24
VSYNC VSYNC D25
DE DATA EN D26
RSVD D23
ODCK CLK CLKIN
4 How to Bridge HDMI/DVI to LVDS/OLDI SLLA325C-Februay 2012—Revised June 2018

Submit Documentation Feedback
Copyright © 2012-2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLA325C

13 TEXAS
INSTRUMENTS

www.ti.com

Pin Mapping Examples

Figure 4 shows the odd/even pin mapping for the DS90C387A following the VESA standard in Table 4,
but the JEIDA standard is still shown for reference. There is an important caveat for 2-channel

applications: different panels define “odd” versus “even” differently. Some users believe the first pixel (top-

left) is odd, and some believe it is even. Table 4 and Figure 4 show the first pixel as odd. If used in a
panel that defines the first pixel as even, then QO[0:23] and QE[0:23] must be swapped from what is
shown in the table (that is, R10 maps to QE[16] and R20 maps to QO[16] ). AO-A3 in Figure 4 then
corresponds to even serialization instead of odd serialization, and A4-A7 corresponds to odd serialization
instead of even serialization. Always check with the display-vendor's mapping, as normally there is a

mapping requirement listed in the datasheet for comparison.

CLK = ] -
A0 ( G10 X R15 X R14 X R13 X R12 X Ril1l X R10
Al ( B11 X B10 X G15 X G14 X G13 X G12 X G11
A2 ( DE X VS X HS X B15 X B14 X B13 X B12
A3 B17 X B16 ¥ G17 X G16 X R17 X R16

CLK = ] -
AO { OGO X OR5 X OR4 X OR3 X OR2 X OR1 X ORO
Al ( OB1 X OBO X OG5 X 0G4 X 0G3 X 0G2 X 0G1
A2 ( DE X Vs HS )X OB5 X OB4 X OB3 X OB2
A3 OB7 } OB6 X OG7 X OG6 X OR7 ) OR6

CLK —| |7
AO { 0G2 X OR7 X OR6 X OR5 X OR4 X OR3 X OR2
Al ( 0B3 ) OB2 X 0G7 X 0G6 OG5 X 0G4 X 0G3
A2 { DE X VS X HS X OB7 X OB6 X OB5 X OB4
A3 OB1 X OBO X OG1 X OGO X OR1 X ORO

387A ODD serialization

CLK = ] [
A4 { G20 X R25 X R24 X R23 X R22 X R21 X R20
A5 { B21 X B20 X G25 ) G24 X G23 ) G22 X G21
A6 ( DE X VS X HS X B25 X B24 X B23 X B22
A7 B27 X B26 ) G27 X G26 X R27 X R26
VESA
CLK —| li
A4 ( EGO X ER5 X ER4 X ER3 X ER2 X ER1 X ERO
A5 ( EB1 X EBO X EG5 X EG4 X EG3 X EG2 X EG1
A6 ( DE X VS X HS X EB5 X EB4 X EB3 X EB2
A7 EB7 X EB6 X EG7 X EG6 X ER7 X ER6
JEIDA
CLK
A4 ( EG2 X ER7 X ER6 X ER5 X ER4 X ER3 X ER2
A5 ( EB3 X EB2 X EG7 X EG6 X EG5 X EG4 X EG3
A6 ( DE X VS X HS X EB7 X EB6 X EB5 X EB4
A7 EB1 X EBO X EG1 X EGO X ER1 X ERO

387A EVEN serialization

Figure 4. 2-Channel LVDS Connection Example
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Table 4. 2-Channel LVDS Connection
DVI Output Description 387A Input DVI Output Description 387A Input
QOJ0] Odd BO (LSB) B10 QE[0] Even BO (LSB) B20
QO[1] Odd B1 B11 QE[1] Even B1 B21
QO[2] Odd B2 B12 QE[2] Even B2 B22
QO3] Odd B3 B13 QE[3] Even B3 B23
QO[4] Odd B4 B14 QE[4] Even B4 B24
QOJ5] Odd B5 B15 QE[5] Even B5 B25
QO[6] Odd B6 B16 QE[6] Even B6 B26
QO[7] Odd B7 (MSB) B17 QE[7] Even B7 (MSB) B27
QO[8] Odd GO (LSB) G10 QE[8] Even GO (LSB) G20
QOJ[9] Odd G1 G11 QE[9] Even G1 G21
QOJ[10] Odd G2 G12 QE[10] Even G2 G22
QO[11] Odd G3 G13 QE[11] Even G3 G23
QO[12] Odd G4 Gl4 QE[12] Even G4 G24
QO[13] Odd G5 G15 QE[13] Even G5 G25
QO[14] Odd G6 G16 QE[14] Even G6 G26
QOJ[15] Odd G7 (MSB) G17 QE[15] Even G7 (MSB) G27

HSYNC HSYNC HSYNC DE ENABLE DE
VSYNC VSYNC VSYNC ODCK CLK CLKIN
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NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Original (February 2012) to A Revision Page
¢ Changed the The LVDS TX, Notes on Common Resolutions, and Design Guidelines section ..........ccvvvvieiiiiiinnennnns 2
Changes from A Revision (April 2013) to B Revision Page
LI O oo £t (= To o I = o] (=TS IR= T o N T g = o =T 1
Changes from B Revision (June 2018) to C Revision Page
e Changed the paragraph following Table 3 .. ....iueiiiiiiii i r s s s aanne s aaans 5
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Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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