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HDMI in a Nutshell - 1
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HDMI in a Nutshell - 2

How HDMI Works Male Connector Pins

Three physically separated

DDC (15 it

Ground communication channels
CEC (13

TMDS Clock ;.  DDC -To read E-EDID
TMDS Channel 0- (8 information.
TMDS Channel 0+ (7 - .

o - TMDS - Carry video audio and
TMDS Channel 1 ¢ ags

Ground - auxiliary data at TMDS clock

TMDS Channel 2- | 3 t
TMDS Channel 2+ ( L1 T rate

S Channel 2 - F . .
TS O ound L] g ] '@ - CEC ( Optional) — high level
TMDS Channel 1+ (: ' control function across

TMDS Channel 1- (&

TMDS Channel 0 19) Hot Plug Detect
Ground

audiovisual products.

TMDS Clock+ (10
TMDS Clock-

18)+5V Power

Mo Charge (1 16) DDC
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HDMI in a Nutshell - 3

HDMI version 1.0-1.2a 1.3

Maximum clock rate (WMHz) 165 340
Maximurm ThDS throughput per channel (Ghit/s) including 8b/10b overhead | 1.65 3.40
Maxirmurn total TRDS throughpot (Ghit/s) including 8b/10b overhead 4.95 10.2
Maximum throughput (Ghités) with Bb/10b averhead removed 3.96 g.16
haxirnurm audio throughput (Mbit/s) 36.86 36.86
Maxirum color depth (hit/ps) 24 45
Maximum resolution over single link at 24-hit/px®l 1920=1200p60 | 2560 1600p7S
Maximum resolution over single link at 30-hit/px™ M 2560=1600ps0
Maxirium resolution over single link at 35-hit/px! Hie 1920=1200p75
Maxirum resolution over single link at 48-hit/pxE M 1920=1200p&0

=RGE

WChCr

1.4
34061

3.40

10.2

8.16

36.56

48
A096x2160p24
4095=2160p24
A096x2160p24
1820= 1200150

8 channel LFPCk, 192 kHz, 24 bit audio capability

Elu-ray Dizc and HD DD video and audio at full resaolution !

Consurner Electronic Contral (CEC)M!
DD-Audio support

Super Audio GO (DSD) support
Deep Colar

Wt CC

Auto lip-sync

Dolby TrueHD bitstream capahble
OTS-HD Master Aodio bitstream capable
Updated list of CEC commandsl

30 Cwer HDOMI

Ethernet Channel

Audio Return Channel

4k = 2k Resolution Support

Table courtesy : Olivero, Fabrice" <f-olivero@ti.com>

1.0

Yes
Yes
Yes
Yes

Wes

es
Yes
Yes
Yes
Yes

Yes

1.3a
1.2 1.3hb
1.2a 1.3 1.3hb1 1.4
1.3c

Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Mo Yes| Yes Yes
Mo Yes Yes “es
Mo Yes Yes “es
Mo Yes Yes “es
Mo Yes Yes Yes
Mo Mo Yes Yes
Mo Mo Yes Yes
Mo Mo  MNo Yes
Mo Mo  MNo Yes
Mo Mo Mo Yes

13 TEXAS
INSTRUMENTS




13 TEXAS
INSTRUMENTS




OMAP4 HDMI Hardware - 1

OMAP4

Functio
| Clocks

Video
Encoder
| How |
Encoder |

Video|

Parallel
DPI
—

secondary
D8l

Composite
—

 Part of Display Sub-System
(DSS) that provides the logic to
display a video frame from the
memory frame bufferonto TV /
LCD.

« HDMI-PLL can generate the
appropriate pixel clock using the
reference clock(sysclk).
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OMAP4 HDMI hardware - 2

OMAP4

HDMI

HDMI RST
HDMI Wkup

HDMI PLL

Controller

Data

cloch
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OMAP4 HDMI hardware - 3

* Video Data Path
— Display controller (DISPC)
— HDMI module
— HDMI complex input/output (1/O)

« Audio Data Path
— Level 3 (L3) interconnect
— HDMI module
— HDMI complex input/output (I/O)

10
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High Level Software Requirements

* Audio and video synchronization with respect to
data, synchronization and power management

* Frame buffer and v412 support for video and
graphics data

 Clock/PLL configuration ( specific to SoC)

Y [
SR

12
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Compliance dependent HDMI features

« EDID parsing
— Detailed/Established/ |
standard timings |
— Vendor specific data block (I R
— Audio data block —_allT
— Video data block g 7 7
« AVI Info-frame configuration/read :
+ Audio Info-frame configuration/read | o
« VSI Info-frame configuration/read [ G
« CEC protocol '

HOt-p|Ug deteCt/mOdlfy notification ] ; . . i HatPkPk 61258

13
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DSS2 Software Design

Ul / Graphics ideo playbac Control
Userspace app serspace ap
User J
Space Framebuffer APls V4L2 APls
/dev/fb0 [dev/video1 SySfS
/dev/fb1 /dev/video?2
Kernel | ESSE e e
space ‘
Panel
\ drivers
o
Display
hardware

15
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HDMI Driver Design — OMAP4 -1

HDMI as a DSS driver

— HDMI Panel driver
* Acts as a Interface between HDMI interface driver
and audio driver
 Provides generic API's to configure HDMI for A/V
« Sends user-space/Kernel Notification on suspend/Hot-plug

— HDMI Interface driver
» DSS specific clock computation
« DSS configuration
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HDMI Driver Design — OMAP4 - 2

— HDMI IP driver
« Configuration of HDMI h/w registers
« Simpler to plug and play with different IP’s

— EDID library
« Parsing EDID for VESA / CEA extension

— HDMI Audio ASOC Driver
» configuration for Audio transfer
« configuration of sDMA
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Use Case — HDMI Hot-plug Enable

INSTRUMENTS

HDMI HDMI HDMI HDMI
Audio driver panel driver DSS driver IP driver
hpd_enable H
> D
M
phy connect followed Phy config |
by HPD > ’
: A
Notify user space DSS_HDMI_IRQ
User R
space ~ ~ D
<Notify Audio
hdmi_enable Configure pll W
> AV registers A
hdmi_power_on R
iy , E
18
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Use Case — HDMI Suspend

HDMI
Audio driver

HDMI
panel driver

User
space

hdmi_suspend

L

hdmi_video_stop

hdmi_audio_stop
-

top Audio
DMA

Notfiy done
>

Notfiy done

hdmi_suspend

HDMI HDMI
DSS driver IP driver
hdmi_video_stop
|
|
>
>
hdmi_pll_off
P

—<0XI

mMmIU>S0UXN>TI
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HDMI Issues OMAP4 - 1
lIssues  Problems Solutions

No Audio If CEA extension +
over HDMI VSDB present select
as DVI CEA timing.

timing

selected

HDMI issues

® HDMI- HPD
® HDMI - EDID
HDMI-Misc
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HDMI Issues OMAPA4 - 2

Bandwidth/clocking  « Manage FIFO thresholds

4. Miscellaneous issues * Tool to calculate pll for all
supported timings.
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Possible Design Enhancements - 1

« Common EDID parsing code
across kernel

— Reduce interoperability
Issues

— Increase re-usability
— Plug-and-play for any
framework

— Helps concentrate more on
Actual driver than
reinventing the wheel

HOW TO WRITEE GOOD CODE*:

CODE

V&

J L

24
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Possible Design Enhancements - 2

« Standardize Hot-plug notification mechanism
— To user space to have application interoperability

— To kernel space to Notify Audio/Any dependent
driver to shut off on Hot-plug disconnect/Suspend

« Standardize API's for Compliance dependent code
— At the driver level
— V412 API RFC for the same
— Interoperability across supporting framework
DRM/ FB / V412

25
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References

« TIOMAP4 TRM
http://focus.ti.com/general/docs/wtbu/wtbudocumentcenter.tsp?templateld
=6123&navigationld=12667

http://omappedia.org/wiki/Main_Page
« HDMI 1.3 specification
http://www.hdmi.org/learningcenter/faq.aspx

« EDID information
http://en.wikipedia.org/wiki/Extended_display identification_data

http://www.hdmi.org/learningcenter/presentations.aspx
(Implementing EDID that works)

« Connector Diagram copyright
http://electronics.howstuffworks.com/hdmi2.htm

* V412 API RFC
http://permalink.gmane.org/gmane.linux.drivers.video-input-infrastructure/30401

« EDID Library RFC
http://www.mail-archive.com/linux-omap@vger.kernel.org/msg47259.html
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