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1.0 Introduction

This document is a design guide to enable HDMI-IN function on 11th Gen Intel® Core™
Processor Family for Internet of Things (loT) Applications (Formerly Tiger Lake UP3)
platform with LONTIUM LT6911UXC chip for Windows* LTSC OS. Below features will
be supported if the correct configurations (Hardware, BIOS, Lontium firmware, OS and
driver) are meet.

e Video
—  Format
HDMI Signal (Input) Video Format (MIPI Output)
RGB888 YUV422 8bits / YUY2 OR
YUV444 8bits YUV420 Legacy 8bit /1420

YUV422 8bits
YUV422 10bits

— Resolution and Refresh rate
Up to 4k60 with support 720p, 1080p, 2K, 4K in both 30 and 60

e Audio
PCM Audio 48KHz — 2 channels via i2s

The following section will introduce how to enable HDMI-IN function step by step.

1.1 Terminology
Table 1. Terminology
Term Description

csl Camera Serial Interference

i2s Inter-IC Sound, A data interface

12C Inter-Integrated Circuit Protocol

ISP Image Signal Processor

LTSC Long-Term Servicing Channel

Title
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1.2 Reference Documents

Log in to the Resource and Documentation Center (rdc.intel.com) to search for and
download the document numbers listed in the following table. Contact your Intel field
representative for access.

Note: Third-party links are provided as a reference only. Intel does not control or audit third-
party benchmark data or the web sites referenced in this document. You should visit
the referenced web site and confirm whether referenced data are accurate.

Table 2. Reference Documents

Document Document
No./Location

Tiger Lake UP3 UP4 H35 UP3 Refresh Platform Design Guide 607872

11th Generation Intel® Core™ Processor External Design Specification (EDS), | 575683
Volume 1 of 2

Tiger Lake UP3/UP4/UP3-Refresh/ H35/H35-Refresh Processor External 575681
Design Specification Volume 2a of 2

Intel® 500 Series Chipset Family On-Package Platform Controller Hub 576591
External Design Specification, Volume 1 of 2

Intel® 500 Series Chipset Family On-Package Platform Controller Hub 575857
External Design Specification Volume 2 of 2

TGL-UP3 HDMI-IN Enablement
User Guide April 2022
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2.0 HDMI-IN Function Enablement

This chapter will introduce HDMI-IN function enablement details, including hardware
design, BIOS, Lontium firmware and OS/driver installation.

2.1 Hardware Design
A brief hardware architecture diagram is provided with two HDMI-IN ports (HDMI-IN
port1 supports 4K60 and HDMI-IN port2 supports 4K30), you can refer to the attached
TGL UP3_HDMI IN_TO_MIPI_CSI.pdf for a detail schematic design of one HDMI-IN port.

Note: ONLY 11th Gen Intel® Core™ processors with IPU6 can support HDMI-IN functionality.

Figure 1. HDMI-IN Hardware Architecture Diagram
LT6911UXC-1
MIEL & csis | Intel TGL UP3
TMDS
Connector-1 MIFIB CSIF
FEMAL DDC The First HDMI IN to MIPI CSI
HoMi 20 IN| HED 125 12S5_1{DG41/DT38/DW38)
: ® 4K@ 30 and below resolution
INTIO_GPIO5 GPP_C2(DN19) use MIPI A interface of
LTB911UXC,
RST_N GPP_C15(DR18 y
- L1 ) ® 4K@ 60 use both MIPI A and
12C 12C_3({DF29/DG29) MIPI B interface of
— LT6911UXC
HOMI 5V DEL— ) GPP_B23(CY50)
LTB6911UXC-2
ﬂ MIPI A csiLC
Connector-2 TMDS
EEDN;AA‘\E o DDC 125 12S_5{DFAS/DF4A7/DJ47)
i HPD
T eI GPP_B18(DAS ) _ The Second HDMI IN to MIPI CSI
RST N GPP_H12(DR32) MIPI 4K307ps
12C 12C_5(DD44/DD47 )
HDMI_bY_DET ————— GPP_R8{DV38)
Title
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2.2

2.2.1

2.2.1.1

HDMI-IN Function Enablement

BIOS

BIOS Configurations

In this section we provide a reference BIOS configuration for HDMI-IN enablement on
Tiger Lake-U RVP, there are three main configuration items, which reference to above
hardware design architecture (two HDMI-IN ports) and the configuration is combined
with MR4 driver (the BIOS configurations may vary for other driver versions):

e Configuring Serial IO
e MIPI Camera Configuration

e HD Audio

Power on the board and press F2/Del to boot to BIOS setup menu to config. If your
BIOS does not have some following settings, contact IBV to update BIOS source code.
Refer to the next chart on change summary to enable HDMI-IN function in BIOS source
code.

Configuring Serial 10
Intel Advanced Menu - PCH-10 Configuration - Serial 10 Configuration

Enable both 12C3 Controller and 12C5 Controller, 12C3 is for HDMI-IN port 1 and 12C5 is
for HDMI-IN port 2.

Figure 2. Serial 10 Configuration

Seriallo Configuration

Seriallo Configuration Enables/Disables Seriallo
12C0 Controller <Enabled> Controller

I2C1 Controller <Enabled> If given device is Function
12C2 Controller <Enabled> 0 PSF disabling is sKkipped.
12C3 Controller PSF default will remain and
12C4 Controller <Enabled> device PCI CFG Space will
I2C5 Controller <Enabled> still be visible. This is
I2C6 Controller <Disabled> needed I.u allow PC{ 9

TGL-UP3 HDMI-IN Enablement
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2.2.1.2 MIPI Camera Configuration
Intel Advanced Menu - System Agent (SA) Configuration - MIPI Camera Configuration

Figure 3. MIPI Camera configuration

MIPI Camera Configuration

Figure 4. Control Logic options Configuration

Control logic 1 for HDMI-IN port1

<READY_STAT>
m
o1

Title
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Control logic 2 for HDMI-IN port2

Control Logic options

~=HE

Figure 5. Link options Configuration

LinkO for HDMI-IN port1

Link0 options

TGL-UP3 HDMI-IN Enablement
User Guide April 2022
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Camera2
Sensor Model
Lanes Clock division
CRD VUersion
GPIO control
Camera position
Flash Support
Privacy LED
Rotation
Uoltage Rail
PPR Value
PPR Unit
Camera module name
MIPI port
LaneUsed
PortSpeed
MCLK
EEPROM Type
UCHM Type
Number of I2C Components
I2C Channel
Device O
I2C Address
Device Type
Flash Driver Selection

<LONTIUM>
<442 2>
<CRD-D>
<Control Logic 2>
<Back>
<Enabled>
<Driver default>
<0>

<3 voltage rail>
21

Al

A12NO8H

21

<x4>

<2>

[192000001
<ROM_NONE>
<UCM_NONE>

<I2C5>

[2B]
<Sensor>

<Disabled>

Note: For two MIPI ports use case (4K60), MIPI port used to configure the ID of left port, PPR
value used to configure the ID of right port. For single MIPI port use case, the value of

MIPI port and PPR value should be same.

2.2.1.3 HD Audio Configuration

Below settings enable HDMI-I2S only on audio side. Other settings are also required to

enable other codec and audio endpoints.
HD Audio Configuration
HD Audio - Enabled
SSP #1 - select (for 1251)
SSP #5 - select (for 12S5)
HD Audio DSP Features Configuration
i2s - Enabled

i2s Codec Select » LONTIUM

April 2022
Document Number: 729027-1.0
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Figure 6. HD Audio Configuration

HD Audio Configuration

II

HD Audio <Enabled> HD Audio Subsystem Features
Audio DSP <Enabled> Configuration (ACPI)
Audio DSP Compliance Mode <Non-UAA (IntelSST)>
HDA Link X1
DHIC #O [l
DHIC #1
SSP 0o
SSP #1
SSP #2
SNDU #1

-

X

SNDUW #2
SNDU #3
SNDU #4

Figure 7. HD Audio DSP Features Configuration

HD Audio DSP Features Configuration

!l

HD Audio Subsystem Features Configuration (ACPI) Selects I2S Audio Codec
support . ;
i E Confi i : UARTO must be
fAudio DSP NHLT Endpoints Configuration: Note: Seriallo
NHLT External Table <Disabled> disabled to enable external
DHIC <4 Mic Array> 12S codec (due to GPIO pin
Bluetooth <Disabled> muxing) .
128 <Enabled>
128 Codec Select
2.2.2 BIOS Source Code Changes

Intel reference BIOS code with HDMI-IN support has been released to IBV, contact IBV
to get the latest BIOS source code for implement. Here are the key changes in BIOS
source code to support HDMI-IN function.

2.2.2.1 Control logic

BIOS configuration is added in on top of the existing MIPI control logic configuration to
provide additional index for the OS to detect. Such as:

1. GPIO Pin Ready Status — 0x13

2. GPIO Pin HDMI Detect — 0x14

3. Control Logic Type LT6911UXC - 0x5

4. Control Logic CRD version LT6911UXC_V1 - 0x60

TGL-UP3 HDMI-IN Enablement
User Guide

April 2022
12
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Existing MIPI GPIO configuration do not have input pin configuration. This change
added in Input Pin configuration in functions “MipiCamGpiolnit”. GPIO pins are set as
below:

MipiCamConfigureGpio (
GPIO_CONFIG *GpioConfig,
UINT8 GpioFunctions,
UINT8 GpioOutputState

)

{
ZeroMem(GpioConfig, (GPIO_CONFIG));

if ( GpioFunctions == @x13 ) {

(( » "MIPI AOB Ready Status Input Pin\n"));
GpioConfig->PadMode = GpioPadModeGpio;
GpioConfig->HostSoftPadOwn = GpioHostOwnGpio;
GpioConfig->Direction = GpioDirIn;
GpioConfig->OutputState = GpicOutDefault;
GpioConfig->InterruptConfig = GpioIntEdge | GpioIntApic;
GpioConfig->PowerConfig = GpioPlatFormResetﬂ
GpioConfig->ElectricalConfig = GpioTermDefault;
GpioConfig->LockConfig = GpioPadUnlock;

se if ( GpioFunctions ox14) {

(( > "MIPI AOB HDMI Detect Input Pin\n"));
GpioConfig->PadMode = GpioPadModeGpio;
GpioConfig->HostSoftPadOwn = GpioHostOwnGpio;
GpioConfig->Direction = GpioDirIn;
GpioConfig->OutputState = GpioOutDefault;
GpioConfig->InterruptConfig = GpioIntBothEdge | GpioIntApic;
GpioConfig->PowerConfig = GpioPlatformReset;
GpioConfig->ElectricalConfig = GpioTermDefault;
GpioConfig->LockConfig = GpioPadUnlock;

e {

ACPI devices LTHO,1,2,3,4,5 is added in “MipiCamSeasors.asl” to separate from the
older MIPI ACPI devices. This device exposes the GPIO, Logic Type, and CRD version to
the OS for the OS to use.

Device (LTHB) { // Control Logic HDMI @ is selected
Name(_ADR, Zero)
Name(_HID, "INT3472")
Name(_CID, "INT3482")
Name(_DDN, "PMIC-LTH@")
Name(_UID, @)

Method(_CRS, @x8, NotSerialized) {
Store (ResourceTemplate() {}, Local®)
// Create GPIO resource template using as parameters data provided in the BIOS setup
If (LGreater (COGP, @)) {
ADBG(Concatenate("Lontium HDMI @ Input pin #1 is selected !!", ToHexString (C@F@)))
Switch(CeFe) {
case (@x13) { Store (PINJ(CePe, CeGe), Locall) } /* Ready Status @x13 */

case (@x14) { Store (PINI(CePe, CeG@), Locall) } /* HDMI detect exl4 */

Default { Store (PINR(COPe, CeG@), Locall) }
}
ConcatenateResTemplate(Local®, Locall, Local2)
Store(Local2, Local®)
}
If (LGreater (COGP, 1)) {
ADBG(Concatenate("Lontium HDMI @ Input pin #2 is selected !!", ToHexString (CeF1)))
Switch(CeF1) {
case (@x13) { Store (PINJ(CePl, CeGl), Locall) } /* Ready Status ox13 */
case (8x14) { Store (PINI(COP1, COGl), Locall) } /* HDMI detect Ox14 */
Default { Store (PINR(CEP1, CeGl), Locall) }
}

ConcatenateResTemplatel(Locale, Locall, Local2

Title
User Guide
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2.2.2.2 Camera link

4K60 camera is required to use 2 MIPI port to support for its high bandwidth, existing
configuration is not able to support that, therefore it is required to update the interface.
The BIOS used the Sensor Model “LONTIUM" to differentiate it from the legacy setting.
PPR value “5" (MIPI port 5) is used as a workaround to indicate the second MIPI
interface that associates with the MIPI port “1" configuration (this setting is included in
the Initialize IPU PreMem Configuration).

2.2.2.3 HD Audio Configuration

New Audio codec devices type has added in for the user to select in RVP.
5. Lontium -0x3

Method (_INI) {
If (LEqual(I2SC, HDAC_I2S_ALC274)) {

Store ("INT34C2", _HID)

Store ("INT34C2", _CID)

Store (©x1C, CADR)

ElseIf (LEqual(I2SC, HDAC_I2S_ALC13@8)) {
Store ("1@EC13@8", _HID)

Store ("1@EC13@8", _CID)

Store (@x001@, CADR)

ElseIf (LEqual(I25C, HDAC_I2S_LONTIUM)) {
Store ("INTC1@B@", _HID)

Store ("INTC1eBe", _CID)

Name (_STA, @x@F)

TGL-UP3 HDMI-IN Enablement
User Guide April 2022
14 Document Number: 729027-1.0
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Blob file shown below are the binary setting required by the firmware to initialize the
SSP port. You are only required to change if the configurations of channel, frequency,
bits and related settings have changed.

GLOBAL_REMOVE_IF_UNREFERENCED
CONST UINT32 I2sLontiumCapture2ch48kHz24bitFormatConfig[] =

{

©x00000000, OXFFFFFF10, OXFFFFFFFF, @xFFFFFFFF,
OxFFFFFFFF, @xFFFFFFFF, OXFFFFFFFF, @xFFFFFFFF,
OxFFFFFFFF, @xC1D@e877, ©xD3760000, ©x00000000,
©x0A200200, 0x00000003, ©x00000003, ©x00004002,
0x00000000, 0x07070F@0, ©x00000000, ©x00000000,
0x00000FFF, 0x00000000, OX08000008, ©X00000001,
©x00000001

Additional changes are the NHLT table, which is required by the Audio DSP to configure
the Audio endpoint. Below table describes the endpoint to the OS. It consists of
information such as VirtualBUSID, which indicate the SSPx is being used, and direction
indicates in Capture device.

Blob Configuration for 12S1(HDMI-IN port1)

GLOBAL_REMOVE_IF_UNREFERENCED
ENDPOINT_DESCRIPTOR HdaEndpointI2siCapture = {
h
HdaNhltLinkSsp,
1,
2x8086,
@xae34,

Title
User Guide
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Figure 9. Blob Configuration for 12S5 (HDMI-IN port2)

2.3

2.4

2.4.1

GLOBAL_REMOVE_IF_UNREFERENCED

ENDPOINT_DESCRIPTOR HdaEndpointI2s5Capture = {
e,

HdaNhltLinkSsp,

1,

ox8es86,

©xae34,

HdaNhltSspDeviceI2s,
1,
2

2

}
},
}

5
{
{
{

Lontium Firmware

The Lontium firmware used on Intel RVP can be shared to customer for “Test purpose
only” (contact your Intel representative to get the test firmware). Customer needs to get
production firmware from Lontium directly.

OS and Driver Installation

MIPI Camera driver and i2s Audio driver are needed to enable HDMI-IN function. Those
drivers are OS dependent. Install the correct OS version for HDMI-IN function
verification (Follow the latest BKC to install drivers for all devices).

MIPI Camera Driver Installation

"lacamera64", "iaisp64", "iactrllogic64", "1t6911uxc" are needed to enable HDMI
Capture Device (Serial 10 driver should be installed first for control logic driver). After
the installation, these items can be seen in Device Manager.

v @ Cameras
@® Intel(R) TGL AVStream Camera
v im System devices
= HOMI Capture
3 HDMI Capture
£ Intel(R) Control Logic
£ Intel(R) Control Logic
£ Intel(R) Imaging Signal Processor

TGL-UP3 HDMI-IN Enablement

User Guide
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2.5

HDMI-IN Function Enablement

i2s Audio Driver Installation

Install SST driver first, then install the two Lontium i2s Audio driver:
e Install LT6977Au.inf
e Install LT6911Au_CfgExt.inf

After the installation, below device can be seen in Device Manager.

intel

v §& Intel(R) Serial 10 12C Host Controller - AOES
@ HDMI Capture/I12S Audio Bridge (LT6311UXC)
v K3 Intel® Smart Sound Technology BUS
v 3 Intel® Smart Sound Technology OED
¢ Detection Verification
i.j Intel® Smart Sound Technology for 12S Audio
iy Intel® Smart Sound Technology for 125 Audio

HDMI-IN Video and Audio Verification

For HDMI-IN Video verification, you can run Windows Camera app for video capture
and the HDMI-IN device will be detected by the source as a display. Make sure that the

HDMI-IN source is compatible with the supported format.

Figure 10. HDMI-IN Video

April 2022

< Settings

@ Advanced display settings

| Display 2: MR4-2MIPI ~ ‘

Display information

T ety 2 Comnctd o el D i
Desktop resolution 1840 x 2160

Active signal resolutian 3840 x 2160

Refresh rate (Hz)
Bit depth

Color format

Color space ic range (SDR)

Display adapter properties for Disp

Refresh Rate

ch wer rate provides

29.970 Hz

30.000 Hz

Learn more

[« pp— EN
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To verify the HDMI-IN Audio, make sure that the HDMI-IN i2s Audio device is selected
and using recording app to record the HDMI-IN audio for replay.

Figure 11. HDMI-IN i2s Audio

2 Sound

Playback Recording  Seunds  Communications

Select a recording device below to modify its settings:

%

Digital Audio Interface
Intel® Smart Sound Technology for |25 Audio
Default Device

Configure

Set Default | v Properties

Cancal Aosly

{

MM ® qapk e o % & % & & @ r

20 o KO o4 n 8008 b o
al > B

- s w« s w s me ma

.. Fsnovmiaeeesi Gieemaeess |00/MIOO[MIOOS]
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TGL UP3 PART1
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NOTE4:VCCPGPPR,Audio Power, If powered at 3.3 V,the 3.3 V supply can come from the VCCPRIM_3P3 supply.
pls refer to RVP/CRB
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NOTEI!: Please refer TGL UP3 symbol kit CCL#615721 for latest updates

NOTE2: This only shows HDMI IN TO MIPI CSI PARTS of TGL .
Pls refer to Tiger lake up3 PDG/EDS/CRB for the whole TGL UP3 design guide.
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NOTE3: For GPIO:Per-pad configurable 3.3 V or 1.8 V voltage, except for GPD groups (3.3 V only),

GPP_S (1.8 V only), and GPP_R (per-group 3.3 V or 1.8 V)
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