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Purpose and Scope of Document

This document provides installation instructions and general usage guidance for Intel®
Smart Sound Technology (Intel® SST) Driver (formerly Audio DSP Driver).

The Intel® Smart Sound Technology Driver supports Alder Lake (ADL), Coffee Lake
(CFL), Cannon Lake (CNL), Comet Lake (CML), Ice Lake (ICL), Jasper Lake (JSL),
Raptor Lake (RPL), Rocket Lake (RKL), Tiger Lake (TGL) and Whiskey Lake (WHL)
platforms with Intel audio DSP integrated on Windows* 10/11 64-bit Operating

Systems.

Acronyms and Terminology

Term Description
ACPI Advanced Configuration and Power Interface
ADL Alder Lake

BIOS Basic Input/Output System

BKC Best Known Configuration

BT Bluetooth

CFL Coffee Lake

CML Comet Lake

CNL Cannon Lake

CS Connected-Standby (Instant Go)

CRB Customer Reference Board
DMIC Digital Microphone

DSP Digital Signal Processing
EVAD External Voice Activity Detection

FW Firmware

Gfx Graphics

HDA or HD-Audio High-Definition Audio

Intel Confidential 7
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Term Description
12S Inter-IC Sound, A data interface
IADK Intel® Audio D_evelopment Kit. (Former name: FDK, Firmware
Development Kit)
ICL Ice Lake
IHV Independent Hardware Vendor
Intel® OED or OED Intel® Offload Engine Driver
Intel® SST Intel® Smart Sound Technology
Intel® WOV Intel® Wake on Voice. (Former name: LPAL, Low Power Always Listening)
Isv Independent Software Vendor
JSL Jasper Lake
LP Low Power
MCP Multi-Chip Package
MSFT Microsoft* Corporation
MVA Multi-Voice Assistant
NHLT Non-HD-Audio Link Table
Non-CS Non-Connected-Standby (Non-Instant Go)
oS Operating System
PCH Platform Controller Hub
RKL Rocket Lake
RPL Raptor Lake
RVP Reference Validation Platform
SDW or SNDW SoundWire*
SPET Speech Platform Evaluation Toolset
SUT System Under Test
TBD To be determined
TGL Tiger Lake
UAA Universal Audio Architecture
UAOL USB Audio Offload
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Term Description
ULT Ultra-Thin

VAD Voice Activity Detection

WHL Whiskey Lake

Related Documents and References

ID Dﬁﬁﬂmzpt Document Title
Ref001 613651 Intel® Smart Sound Technology Validation and Debug Guide
Ref002 610730 Intel® Wireless Technical Advisory: Bluetooth Audio Offload
Intel® Smart Sound Technology FW Key Usage on Non-
Ref003 642220 Production Driver Sighting Alert
microphone-array- Microphone Array Geometry Descriptor Format
Ref004 geometry-
descriptor-format
® - -
Ref005 620882 Intel Smart Sound Technology ISV/IHV Enabling Tutorial
E— User Guide
® . .
Ref006 620544 Intel .Smart Sound Technology Multi-Voice Assistant (MVA)
— Enabling Dashboard
Ref007 571948 Auc_:llo, Voice, and Speech System Implementation Design
E— Guide
® .
Ref008 228048 Intgl Speech Platform Evaluation Toolset 2 (SPET2) User
I Guide
Intel® Smart Sound Technology (Intel® SST) Customer
Ref009 298645 Enabling Update Technical Advisory
® .
Ref010 630235 InFeI Smart_ Sound Technology Acoustic Context Awareness
— Bring Up Guide
® L e
RefO11 632541 Inte! Smart Sound Technology Audio Firmware Signing and
I Manifesting User Guide
Ref012 634270 Intel® Smart Sound Technical Advisory: USB Audio Offload
Ref013 631659 USB Audio Offload (UAOL) Disable
Audio Processing Object (APO) Support on Bluetooth and
Ref014 633107 USB Offload Endpoints Technical White Paper
Intel® Smart Sound Technology - Audio Processing on USB
Ref015 €33975 and Bluetooth Offload Endpoint Guidance
® i _
Ref016 632502 Intel : Wake on VO.I(?e (I.ntel® WoV) - Customer Data
- Requirement Specification
® _ .
Ref017 576591 Intel. .TGI._ LP Platform Controller Hub External Design
= Specification
® ~ .
Ref018 615985 Intel_ _TGI__ H Platform Controller Hub External Design
— Specification
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ID Dgcument Document Title
® - -
Ref019 619362 Inte_l ADL S& RPL S Platform Controller Hub External
- Design Specification
Ref020 639169 Alder Lake BIOS NHLT Binary Integration Flow User Guide
Ref021 645276 Intel® GNA Introduction
Ref022 645278 ADL Athena - Intel® GNA Validation and MOS Test
Ref023 638665 Project Athena Audio Process Technical Training Material
Ref024 631623 Athena System Design Specification - Alder Lake Platform
Intel® Smart Sound Technology (Intel® SST) Driver
Ref025 730932 Windows* Update Submission Technical Advisory
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2 Platform Details

2.1 Audio Subsystem Overview

Intel® Smart Sound Technology (Intel® SST) supports HD-Audio codecs connected to
designs based on Raptor Lake (RPL), Alder Lake (ADL), Rocket Lake (RKL), Tiger Lake
(TGL), Ice Lake (ICL), Comet Lake (CML), Whiskey Lake (WHL), Coffee Lake (CFL),
and Cannon Lake (CNL) Platform. Intel® SST is supported both on Connected Standby
and Non-Connected Standby platforms. The Audio DSP in the HD-Audio controller
controls both the HD-Audio codec and the audio on the Display Port and HDMI
interfaces. This HD-Audio link for the audio codec supports multiple voltages (1.5
V/1.8 V/3.3 V).

Audio DSP in the HD-Audio controller meets the Microsoft* UAA compliancy. With DSP
integrated into the PCH, the offloaded audio goes through multi-layer audio processing
inside the DSP with the Intel® SST FW loaded.

Note: Be aware of all Intel® SST features available on Standard (non-InstantGo*) platforms.
Intel® WOV saves power while in SO — but currently cannot wake a system while in
S3 on the Standard (non-Instant-Go*) platforms.

Figure 2-1. Audio System
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Figure 2-2. SoundWire*-Based Smart AMP
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Note:

System Configuration

Alder Lake, Cannon Lake, Coffee Lake, Comet Lake, Ice Lake, Jasper

Platform Lake, Raptor Lake, Rocket Lake, Tiger Lake, Whiskey Lake

Operating System Windows* 10 x64 RS5/RS6/20H1/20H2 and Windows* 11 x64

BIOS Audio DSP enabled, HDA codec enabled, SoundWire* enabled,

BT/USB audio enabled

Intel® SST driver should be installed on systems with at least 1 GB of system
memory. There should be enough hard disk space in the directory on the system in
order to install this software.

Contact the respective BIOS AE for BIOS specifications.

Mandatory BIOS Configuration for Intel® SST

Enter BIOS by tapping F2 once the platform starts to boot.

For SST Enable:
Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration

HD Audio = <Enabled>
Audio DSP = <Enabled>

Audio DSP Compliance Mode:
1. If DMIC is connected to PCH, select <Non-UAA (Intel® SST)>
2. If DMIC is connect to codec, select <UAA (HDA Inbox/Intel® SST)>

For Audio Codec Selection:
Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration

HDA-Link Codec Select: Selecting “Platform Onboard” means that a single verb table
is installed. On the other hand, selecting “External Codec” will use multiple verb
tables. Depending on environment, select <Platform OnBoard> or <External Codec
Kit>

For Audio Link Selection:

Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration
e If it uses HDA - Audio Link Mode choose <HD Audio Link>
e If it uses I2S - Audio Link Mode choose <I25>

o If it uses SoundWire*
— For default SoundWire setting - Audio Link Mode choose <SoundWire>
— For different SoundWire setting - Audio Link Mode choose <Advanced Link
Config> and set:

= HDA Link []
=  DMIC #0 [X]
=  DMIC #1 [X]
Intel Confidential 13
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SNDW #1 [X]
SNDW #2 [X]
SNDW #3 [1]
SNDW #4 [1]
[X] - Enabled [ ] - Disabled

NOTES:
1. Enable or disable the required audio link from the menu above.
2. Enable the Audio Link in RVP by following the respective rework instructions.

For Post-Processing Selection:

Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration/HD Audio DSP
Features Configuration

Audio DSP Pre/Post-Processing Module Support: Select corresponding post-processing
effect in options.

If there is Custom Module to add, select Custom Module ‘Alpha’/’Beta’/'Gamma’ and
input corresponding GUID of the IP. Also, corresponding GUID mapping needs to be
added in Platform ACPI code.

Intel® Wake on Voice (Intel® WoV) Support for Personal Assistant (PA):

Intel® Wake on Voice (WoV) is running from Intel DSP, it could wake system up from
Modern Standby (S0ix) or Ready Mode (SO screen off). When system enters SO, Intel®
WoV triggers personal assistant (PA).

Intel® WoV solution provides integrated solution that provides personalization and
convenience. Intel® WoV running on DSP supports Microsoft* Windows* 10
RS5/RS6/20H1/20H2 and Windows* 11 Cortana* and Amazon* Alexa* as Hardware
Keyword Spotter for keyword detection. Intel® WoV supports two PAs simultaneously
running on the system configuration. PA selection could be Microsoft* Windows* 10
RS5/RS6/20H1/20H2 and Windows* 11 Cortana*, Amazon* Alexa*, or any new PA
integrated with Intel® WoV.

— Intel® Wake on Voice on DSP Support for 20H1 OS MVA:

To configure Intel® Wake on Voice support for MVA, the following setup is
needed:

Intel Advanced Menu/PCH-I0O Configuration/HD Audio Configuration/HD Audio
DSP Features Configuration

WoV (BIT 0) = <TRUE>

VAD API Mode (BIT8) = <Windows 10 Voice Activation>

Intel Confidential 613171
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Note: Refer to Section 5.8 for the remaining configuration for MVA.

NOTES:
1. For Modern Standby system, BIOS needs to add PEP constraint code to support Audio
Controller being in DO:F1 state.

Package() {"\\_SB.PCI0.HDAS",0x1, Package() {0, Package() {OxFF,

0, Ox81}}%},// 15 -cAVS(HDAudio)

2. Post-processing modules can be enabled together with Intel® WoV on most platforms,
refer to Ref009 for more details.

3. More than one post-processing modules can be enabled depending on the resources

used by ISV. For Post-processing modules combinations, contact the ISV for more

information.

CS/Non-CS Settings:
Intel Advanced Menu/ACPI SETTINGS

Low Power SO Idle Capability
a. If CSis supported, select <ENABLED>
b. If CS is not supported, select <DISABLED>

RTD3 Settings:
Intel Advanced Menu/ACPI D3Cold Settings

ACPI D3Cold Support = <Enabled>

Bluetooth Audio Offload Settings: (For ICL, CML v2, TGL, ADL and RPL):
Intel Advanced Menu/CNVi Configuration / Audio Offload
BT audio offload mode support = <Enabled>

Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration/HD Audio DSP
Features Configuration/Audio DSP NHLT Endpoints Configuration/Bluetooth

BT audio offload mode support = <Enabled>

Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration/HD Audio DSP
Features Configuration/Audio DSP Feature Support

Bluetooth Sideband [X]

BT Intel HFP [X]

BT Intel A2DP [X] (For TGL-R, ADL and RPL only)
USB Audio Offload Settings: (For ADL and RPL):
Intel Advanced Menu/PCH-IO Configuration/USB Configuration

USB Audio Offload [X]

External NHLT Settings: (For ICL, CML v2 and TGL only):

Intel Confidential 15
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Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration/HD Audio DSP
Features Configuration/Audio DSP NHLT Endpoints Configuration/NHLT External Table

This is an optional setting that depends on which NHLT settings you would use for CML
v2/ICL/TGL platforms:

1. Load the customized NHLT which is imported to BIOS by customer, enable <
NHLT External Table>

2. Load default DMIC blob integrated in RVP, disable < NHLT External Table>

Audio DSP NHLT Endpoints Configurations: (For ADL and RPL):

Intel Advanced Menu/PCH-IO Configuration/HD Audio Configuration/HD Audio DSP
Features Configuration/Audio DSP NHLT Endpoints Configuration

On ADL and RPL, it accepts audio endpoint configurations in separate NHLT bin files
depending on the NHLT settings enabled in BIOS option. Select the required features
for your project:

DMIC Mono 38.4MHz <Disabled>
DMIC Stereo 38.4MHz <Disabled>
DMIC Quad 38.4MHz <Disabled>
Bluetooth 38.4MHz <Disabled>

By enabling the features in BIOS, it will load the corresponding NHLT configuration in
BIOS code. For BIOS code integration user guidance, refer to Ref020 for more details.

Action Required After Flashing BIOS/Change
BIOS Settings

After flashing the new BIOS or changing ACPI table settings it is important to perform
the following sequence:

1. Boot to Windows* OS.
2. Perform system reboot.
3. After reboot, perform system shutdown.

The above sequence is important to ensure that Windows* OS reloads and uses the
ACPI tables provided by a new BIOS.

S4 (hibernation) is a normal shutdown state for Windows* OS. While walking from S4
state Windows* reloads the ACPI tables from disk (hibernation file).

If BIOS is changed, ACPI tables generated by the previous BIOS version are still
stored in the hibernation file on a disk. Windows* restart ensures usage of ACPI tables

generated by the current BIOS. A subsequent shutdown stores these new ACPI tables
in hibernation file.

88
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NHLT and DMIC Blob
Integration

3.1

Note:

3.2.1

3.2.2

613171

Introduction

NHLT (Non-HD-Audio Link Table) is defined as an ACPI Data consisting of the standard
ACPI Header and information about non-HD Audio endpoints supported by the system.
NHLT Generator in IADK provides graphical configurator of endpoints and generates
NHLT binary file.

Refer to Platform controller hub external design specification - Ref017\Ref018\Ref019
for DMIC connection, clock, voltage requirements. Contact Intel Audio CE if the DMIC
HW connection in customer design is different from RVP.

To integrate the generated NHLT/DMIC blob file into BIOS, refer to BIOS guidance in
Ref020 for NHLT integration.

The USB audio offload feature is supported on the TGL and ADL by default, so it does
not require configuration in NHLT.

Pre-Installed Libraries
Get the latest IADK from: VIP:kitid=1001873. If you have no access, Contact Intel

Audio CE. Latest IADK version is IADK 2.7.0 MR3-HF1 which supports RPL, ADL, TGL,
EHL, ICL, CML, LKF and CNL platforms.

Python, wxPython, OpenSSL are prerequisite libraries for NHLT generator. Refer to
“How to create NHLT binary file.pdf” in IADK package to install the proper version
Python and wxPython.

Python

The recommended Python version is 3.8.6 for IADK 2.7.0 MR3-HF1. If the user has
installed incorrect version of Python such as v2.7, uninstall it firstly. Python 3.8.6
download link https://www.python.org/downloads/release/python-386/.

%PATH% environment should be set to include Python directory.

wxPython

To install wxPython in Python libraries, use: “pip install -U wxPython” in the
command-line console:

: \Python38\Scripts>pip install -U wxPython

Check home or company network if you meet with network connection error.

Intel Confidential 17
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3.3 Generating nhit.bin for DMIC

3.3.1 IADK Usage Step by Step

1. Install IADK. NHLT generation is supported after IADK 2.5 MR1. Versions equal or
higher would support the same functions.

2. Right click Project and select New Cavs Project.

w Intel Audio Development Kit - Tools - 2.4.0-HF1
File. Window Tools Help

B | | rododen.. [1.0.0] | Build Configuration :
&2 Project Explorer 5% =0
~ [ Project- A

dm B New cAVS Project...

dm 2 Refresh... F5
p amp

3. Fill the fields:
a. Project Name and Version.
b. Choose correct Platform.
c. Select Target OS according to target project platform.

E New Project... X

New Project i l’

Create a new project

Project name:  dmic demo |

Use default location
Location: C\Users\chenrich\Documents\FDK_Workspace_2.3.0HF2 Browse...
Platform Icelake v

Target OS: Window ~
Settings
Major Minor HotFix Build
Version | 1 H 0 H 0

Lo

4. Select Project created and double click HW Configuration.

18 Intel Confidential 613171
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v [ i A . .
Projects _ HW Configuration
CA\Users\chenrich\Documents\FDK V'

dmic Endpoints
dmic enl
~ [B dmic demo Endpoints
@ Build Configurations (2) SSP(0)
[ Properties SSP(1)
7 Topology SSP(2)
&% HW Configuration SSP(3)
Base Firmware SSP(4)

[ P

5. Click Add Endpoint to create new endpoint.

a. Choose the preferred link type.

b. To create configuration for DMIC connecting to PCH, choose Endpoint as

PDM.
C. Select Link type as PDM.

HW Configuration

Endpoints

Endpoints
SSP(0)
SSP(1)
SSP(2)
SSP(3)
SSP()
SSP(5)
PDM
HD-A

4 Add Endpoint

Intel Confidential
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HW Configuration

Endpoints Endpoint Configuration

Endpoints Link type %
SSP(0) HD-A
SSP(1)
SSPR) SSP
SSP@3) SoundWire
SSP(4)

6. Configure the following information according to the target project configurations:
a. Platform ID: The PCH ID according to target project SoC PCH info.
b. I/0 Clock: The PCH XTAL output clock.
Refer to platform PDG or PCH EDS to get PCH XTAL clock.

Confirm with account platform CE and HW CE if not clear about the previous
two configurations.

c. Number of channels: The number of MIC channel on the target project.

Note: If there are three microphones attached, two on PDMO and one on PDM1, then you
must choose 4 channels in Number of channels configuration. Paired DMIC
connection is recommended, IADK uses PDMO for 2 DMIC by default.

HW Configuration

Endpoints Endpoint Configuration
Endpoints Link type |PDM
SSP(O) Format Configurations
SSP(1) —_—
[J Advanced format configuration
SSP(2) Name New Endpoint 0 )
SSP@3) Please choose adequate I/O clock
Virtual Bus Id 0 1A
« PDM 240 MHz ®© 384 MHz
New Endpoint 0 Device Type PDM Decimators with shared filters create both 48kHz and 16kHz microphone samolina rates simultaneously.
HD-A Direction p— Number of channels | Frequency response optimized:
®2 channels O For 16kHz input, 0dB gain (Intel RVP)
Virtual Slot O 4 channels ® For 48kHz input, 0dB gain.
Subsystem Id (Hex) | 1
Revisonld (e [ | Microphone Array Configuration
Platform 1d T = | Number of microphones: | 2 <
INTELAUDIO\CTLR_DEV_34C8&LINK Mic 0 Mic 1
Hw Id § > Mic Type: SUBCARDIOID v | |SuBC
% Add Endpoint Mic Panel: FRONT ~ | FRON
= Remove Endpoint Config Type Microphone array Speaker Position Distance [mml: 0 < o
Horizontal Offset [mm: = [
Import NHLT o 39 = \i

7. Microphone array and geometry configuration.

a. Config Type: choose if Microphone array is in use on the target project.
Microphone array checkbox activates the following array type configuration.

i Array Type: choose if the Microphone array placement matches one of
the pre-defined geometry configurations or choose Vendor defined
to customize your own.

ii. Number of microphones: Choose the microphone number on MIC
array.

iii. Horizontal Offset(mm): Put the distance offset of microphone
components.
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Note: If microphone placement is horizontal linear then put the distance offset of
microphone component to the center of the device as plus-minus millimeter values.

For further details to define Microphone Array Geometry Descriptor Format, refer to
Ref004.

HW Configuration

Endpoints Endpoint Configuration
Endpoints Id (Hex) |1
" Array C
SSP(0) Revision Id (Hex) |1 b rray
ssp(1) — -
o) Platform Id = 1 | Number of microphones: |2 =
SSPG3) J INTELAUDIO\CTLR_DEV_34C8&LINK Mic O Mic 1
SSPE) Hw Q 5| MicType: SUBCARDIOID v susc
SSP(s :
vpm\;) Mic Panel: FRONT v [FRON
Speaker Position Dist : Siren
New Endpoint 0 Config Type [ Microphone array | peaker Position Distance [mm] 0 < o
HD-A |Honmn(a\ Offset [mm]: 39 = :|39
Vertical Offset [mml: ) = To
Array Type Vendor defined v |
i Hz):
Tinear Z-element, Small requency Low Band (Hz): < > [ 100 <
Linear 2-element, Big Frequency High Band (Hz): < > | 20000 <
Linear 4-element, 1st geometry Direction Angle [-180deg, 180deg]: = > o =
Planar L-shaped 4-element )
Linear 4-clement, 2nd geometry Elevation Angle [-180dleg, 180deg]: < > (o <
Vendor defined Work Vertical Angle Begin [-180deg, 180deg]: < >[e0 ]«
Work Vertical Angle End [-180deg, 180deg]: R > [60 3
% Add Endpoint Work Horizontal Angle Begin [-180deg, 180deg]: ¢ >[50 <
> R Work Horizontal Angle End [-180deg, 180degl: < >[50 <
Import NHLT < >

8. Click Save to retain settings in the hwconfigurtion.xml file in the following
location: FDK_Workspace/name_project/metadata.

a Intel Audio Development Kit - Tools - 2.4.0-HF1
Filem Window Tools Help

B E & S) | dmicd.. [1.0.0.0] | Build Confiqur.

2 Project Explorer 33‘ ES ¥ - O|x
¥ [3 Projects A

9. Set the created project as Active Project if the project is inactive.

C:\Users\chenrich\Documents\FDK V'

613171 Intel Confidential 21



[l
I n te I 2 NHLT and DMIC Blob Integration

2 Project Explorer 2 B Y7 0E*H
v [ Projects . ~
C\Users\chenrich\Documents\FDK V
v [E dmic Endy
@ Build Configurations (2)
| Properties Endp
[ Topology S<
#¢ HW Configuration S<
Base Firmware N
dmic cnl G¢
¥ @ dmic AommF1n0n i
@ puil @ OPen

@ Pro i Set as Active Project
™ Top = Show In System Explorer

# HW ® Delete Project Delete
Bas & Refresh... F5

Pami[& Import External Library...

10. Build the project to generate nhit.bin file. The nhit.bin file will be in the path
“"FDK_Workspace/name_project/out/cfg_acpi”

ntel Audio Development Kit - Tools - 2.4.0-HF1

File Window Tools Help
3E" @| dmic d... [1.0.0.0] | Build Configuration : |Release * | Target Platform : lcelake : = )

[ Log B dmic demo- Build - Console & 95 7
Clean up project environment...

Project build step skipped. Base Firmware not set.

Driver configuration successfully generated under 'C:\Users\chenrich\Documents\FDK_Workspace_2.3.@HF2\dmic_demo\out\cfg_driver' director:
NHLT generation successful

NHLT file generated under 'C:\Users\chenrich\Documents\FDK_Workspace_2.3.8HF2\dmic_demo\out\cfg_acpi' directory.

FOE_Workspace_2.3.0HF2 » dmic_demo * out » cfg_acpi

Fat

[] Mame

@ nhlt.bin

3.3.2 Verifying nhit.bin

After generating the nhlit.bin file, verify the bin file to target device, and check DMIC
CLK on the device.

1. Copy nhlt.bin file to device, path:
C:\windows\system32\cAVS\nhlt_FILE_NAME.bin
2. Add registry key to override the value.
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3.4

Note:

Note:

3.4.1
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[HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Services\IntcOED\
Parameters]

3. "NhltOverridePath"="\SystemRoot\System32\cAVS\nhlt_FILE_NAME.bin"
Reboot system
4. Measure DMIC CLK and check signal.

If the microphone is working as expected, then the nhlt.bin file is ready for BIOS
integration. Need to integrate the generated NHLT/DMIC blob file into BIOS, refer to
BIOS guidance in Ref020 for BIOS integration. Contact the BIOS CE if any assistance
is required.

Generating nhit.bin for Bluetooth Offload

For ICL, CML v2 and TGL only

The default BT audio settings are integrated into Intel RVP BIOS, and it should be
suitable for most of BT headset device in our experience. Add your customized PDM
(DMIC configuration) into the default nhlt.bin file from RVP.

The default NHLT from RVP is available in the following Bring Up Guide files:
e CML v2

e ICL

e TGL

For ADL and RPL only

Starting from ADL, the BIOS code architecture accepts BT offload audio setting and
DMIC configuration in separate NHLT bin files depending on the NHLT settings enabled
in BIOS option. There’s no need to combine BT offload and DMIC configuration in
single NHLT file. Follow the step of Audio DSP NHLT Endpoints Configurations: (For
ADL and RPL) in Section 2.3.

The default NHLT from ADL RVP is available in Bring Up Guide file ADL_NHLT.zip:
e 2 DMIC with 38.4MHz CLK: NhltConf1DmicX2_38_4.bin

e 4 DMIC with 38.4MHz CLK: NhltConf2DmicX4_38_4.bin

e BT with 38.4MHz CLK: NhltConf3Bt_38_4.bin

IADK Usage Procedure
1. Retrieve the default nhlt.bin file.
The method to retrieve the default nhlt.bin:
a. Use internal NHLT
b. Boot into OS
c. Dump nhlt.bin from device via RW
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Bl RW - Read & Write Utility v1.7
Access | Specific  Window Help

ELT Table: 0x0000000097FSA000
Clock Generator
DIMM SPD E 48 4C 54 2D 00 00 00 00 BE 49 4E 54 45 4C 20 NHLT-..... INTEL
B 42 4C 20 20 20 20 20 02 00 00 00 20 20 20 20 KBL .

SMBus Device 3 00 00 01 00 04 00 00 00 DE AD BE EF ....eeeeenn..
CPU MSR
ignature "NHLT"
LT = Length 020000002D (45)
Embedded Controller \evision 0x00 (0)
- Checksum 0xB6 (182)
ATA/ATAPI Identify EM 1D “INTEL *
Disk read write EM Table ID "KBL @
USE Information PEM Revision 0200000002 (2)
reator ID @ o
SMEIOS Structures [reator Revision 0x01000013 (LE777235)
PCI Option ROMs ata 0200 0x04 0x00 0x00 0x00 OXDE OxAD 0xBE OxEF
MP Cenfiguration Table
EB20 Report
EDID Report

LPT Remaote Access

Command

Pl B - CA| 010y —a] =

- | e ) ()| Ezzm) (e
PCl Index/Data .l‘j = #s8| [iwe| 15| 15l rl il :
Memory
Memory Index/Data l acpiTate E=2

J — -

i FELELL |
10 Index/Data =
oo SDT 50T SSDT SSDT SSDT SSDT SSDT SSDT SSOT SSDT DEGP DBGZ DMAR S5DT| MHLT |espr g «|»
uper

Note: Configuration may change on different platforms.
2. Integrate DMIC configuration into default nhlt.bin
a. Create a New project in IADK.

b. Import the retrieved nhlt.bin from the previous step.

“ Intel Audio Development Kit - Tools - 2.5.0-MR1
File Window Tools Help
= & Q E rainer dmic [1.0.0.0] ' Build Configuration: Release ~ Target Platform: leeli
2 Project Explorer 1| & % " O 1% *HW Configuration &
~ [ Projects 7 <
3 :(,defau“ it HW Configuration
® Build Configurations (2)
u ¥ ey Endpoints
" Properties
Topology
& HW Configuration Endpoints
I Base Firmware SSP(0)
B rainer dmic S5P(1)
&8 Simulations SSP(2)
£ Libraries SSP(3)
& Modules SSP(4)
SSP(S)
PDM
HD-A
4 Add Endpoint
| = Remove Endpoint |
Import NHLT
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c. BT configuration is for both render and capture and are included after nhlt.bin

imported.

HW Configuration

® ACPI Header

Endpoints

Endpoints
SSP(0)
SSP(1)
v SSP(2)
Imported from S0027NHLT 1
Imported from S0027NHLT 2
SSP(3)
SSP(4)
SSP(5)
PDM
HD-A
SoundWire

Add Endpoint

= Remove Endpoint = Remove Al

Endpeint Configuration

Link type |SSP .

Name [imported from S0027NHLT 1

Topology Name | imported from s0027nhlt_1 |

Virtual Bus Id [2 =
Device Type BT Sideband M
Direction v
Virtual Slot tdm 0 b

Subsystem Id (Hex) ‘ 1 ‘

Revision Id (Hex) | 1 |

Platform Id ADL-P »

INTELAUDION\CTLR _DEV_51C8&LIN
< >

Hw Id

Format Configurations

Sample Per ... Bits Per Sa...

Valid Bits Pe... Channel Ma... Blob Path Blot

8000 16
16000 16
48000 16

16 Mono
16 Mono
16 Stereo

Ci\Users\kh... (Gen
Ci\Users\kh... (Gen
Ci\Users\kh... (Gen

HW Configuration

@ ACPI Header

Endpoints

Endpoints
SSP(0)
SSP(1)
v SSP(2)
Imported from S0027NHLT 1
Imported from S0027NHLT 2
SSP(3)
SSP(4)
SSP(5)
PDM
HD-A
SoundWire

Add Endpoint

= Remove Endpoint

= Remove Al

Endpoeint Configuration

Link type SSP ~

Name [imported from S0027NHIT2 |

Topology Name ‘ imported_from_s0027nhit_2 ‘

Virtual Bus Id [2 =
Device Type BT Sideband v
Direction =
Virtual Slot tdm 0 b

Subsystem Id (Hex | 1

Revision Id (Hex) | 1

Platform Id ADL-P 2

INTELAUDIO\CTLR_DEV_51C88&ILIN
< >

Hw Id

Format Configurations

Sample Per ... Bits Per Sa...

Valid Bits Pe... Channel Ma... Blob Path Blot

8000 16
16000 16

16 Mono
16 Mono

Ci\Users\kh... Gen
C\Users\kh... Gen

d. For PDM (DMIC configuration), refer to steps in Section 3.3.1 to fit the DMIC

design.
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#. *"HW Configuration :

HW Configuration

Endpoints

Endpoints
SSP(0)
SSP(1)
~ SSP(2)
Imported from nhit_icl_dmic4ch_bt 1
Imported from nhit_icl_dmicdch_bt 2
SSP(3)
SSP(4)
SSP(5)
~ PDM
Imported from nhit_icl_dmic4ch_bt 0
HD-A

26

Follow the steps mentioned in Section 3.3.2 to verify BT offload function and
integrate into BIOS.

88
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4 Driver/Application Installation

Ensure BIOS settings are configured before Intel® SST Driver installation.

The following procedure to install the Intel® SST Driver is required.

4.1 Folder and Main File Introduction
An official Intel® SST Driver release usually includes the following files:
Folder/File Comments

Apps Sample applications

MvaApplications.zip A sample application to validate Intel® WoV for
MVA

Drivers Basic driver

IntcAudioBus.inf ISST audio bus driver installation file.

IntcOED.inf ISST OED driver and IntelAudioService
installation file.

DetectionVerificationDrv.inf Detection Verification driver installation file for
Intel® WoV.

IntcDMic.inf ISST DMIC driver installation file, for DMIC to
PCH only.

IntcUSB.inf USB audio offload (UAOL) driver installation file.

IntcBTAu.inf Bluetooth audio offload driver installation file.

IntcSdwBus.inf Soundwire* bus driver installation file.

IntcSDW.inf Soundwire* driver installation file.

IntcSST.inf I2S driver installation file, for I2S Codec only.

DVL Driver Verification Log (DVL) for certifying
customized extension INFs

IntcDMic.DVL.XML DVL of ISST DMIC driver.

IntcOED.DVL.XML DVL of ISST OED driver.

IntcUSB.DVL.XML DVL of UAOL driver.

IntelMvaExtensionInf Extension driver to support Intel® WoV for MVA

IntelMvaExtension.inf Customizable extension driver installation file,
to support Intel® WoV for MVA.

TemplateInf Sample or debugging INFs

IntcBTAu_ResourceConstraints.inf Sample extension inf to apply resource
constrains for BT audio.

IntcOED_EnableMclkAlwaysOn.inf Extension inf to keep MCLK always on when FW
is alive.
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Folder/File Comments

IntcOED_I2SAlwaysRunningMode.inf Sample extension inf to set i2s to always
running mode (clock driven by DSP).

IntcOED_OemLibPath.inf Sample extension inf to declare and install
third-party FW files for OED driver.

IntcOED_RenderHeadroom.inf Sample extension inf to enable and set render
headroom of DSP modules.

IntcOED_RTD3Disable.inf Sample extension inf to disable RTD3 for OED
driver.

IntcSdwBus_EnableACXAggregation.inf Sample extension inf to enable ACX
aggregation for SDW.

IntcSdwBus_EnableEVAD.inf Sample extension inf to enable EVAD for SDW.

NOTE:

1. Do not install any files in the folder of TemplateInf unless you know exactly what
they are for.

Driver Installation

Use the “Have Disk...” method to install the following drivers.

Browse to the unzipped Platform Milestone release folder location (for example, Intel®

_Smart_Sound_Technology_<Platform>_ <Milestone>_Release_vx.xx.xx.xxx\) and

perform the following step:

1. Install BUS driver (IntcAudioBus.inf) from the subfolder Drivers over High-
Definition Audio Controller or Multimedia Audio Controller in the Device Manager.

a. Name of the device before installing driver: High-Definition Audio Controller
or Multimedia Audio Controller.

b. Name of the device after installing the driver: Intel® Smart Sound Technology
(Intel® SST) Audio Controller or Intel® Smart Sound Technology BUS.

2. Install OED driver (IntcOED.inf) from the subfolder Drivers over Intel High-
Definition DSP in the Device Manager.

a. Name of the device before installing driver: Intel High-Definition DSP.

b. Name of the device after installing the driver: Intel® Smart Sound Technology
(Intel® SST) OED.

Optional step only if DMIC is connected to PCH

3. Install DMIC driver (IntcDMic.inf) from the subfolder Drivers over Digital
microphone device in the Device Manager

a. Name of the device before installing driver: Digital microphone device.

b. Name of the device after installing the driver: Intel® Smart Sound Technology
for Digital Microphones.

Optional step only for Bluetooth audio offload enabling (For ICL, CML v2, TGL, ADL
and RPL only)

4. Install Bluetooth Audio driver (IntcBtAu.inf) from the subfolder Drivers over “BT
Sideband device” in Device Manager.
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a. Name of the device before installing driver: BT Sideband device.

b. Name of the device after installing the driver: Intel® Smart Sound Technology
for Bluetooth Audio.

Optional step only for USB audio offload enabling (for TGL, ADL and RPL only)

5. Install UAOL driver (IntcUSB.inf) from the subfolder Drivers over “"USB device” in
Device Manager.

a. Name of the device before installing driver: USB device.

b. Name of the device after installing the driver: Intel® Smart Sound Technology
for USB Audio.

Optional step only for Intel® WoV enabling

6. Install Intel® WoV driver (DetectionVerificationDrv.inf) from the subfolder Drivers
over “Detection Verification” in Device Manager.
a. Name of the device before installing driver: Detection Verification.

b. Name of the device after installing the driver: Intel® Smart Sound Technology
Detection Verification.

Optional step only for Portclass SDCA design if SDW interface enabled instead of HD

audio:

7. Install Intel® SDW bus driver (IntcSdwBus.inf) from the subfolder Drivers over
“SoundWire Bus” in the Device Manager.

a. Name of the device before installing driver: SoundWire Bus.
b. Name of the device after installing driver: Intel® Smart Sound Technology
MIPI SoundWire* Controller.
8. Install Intel® SDW driver (IntcSDW.inf) from the subfolder Drivers over
“SoundWire device” in the Device Manager.
a. Name of the device before installing driver: SoundWire* device.

b. Name of the device after installing driver: Intel® Smart Sound Technology for
MIPI SoundWire* Audio.

Optional step only for ACX SDCA design if SDW interface enabled instead of HD audio:
9. Remove Intel® SDW driver (IntcSDW.inf) from the subfolder Drivers.

10. Install Intel® SDW bus driver (IntcSdwBus.inf) from the subfolder Drivers over
“SoundWire Bus” in the Device Manager.

a. Name of the device before installing driver: SoundWire Bus.

b. Name of the device after installing driver: Intel® Smart Sound Technology
MIPI SoundWire* Controller.

NOTES:

1. For QS samples, install ProductionFW driver. For ES samples, install the
NonProductionFW driver. Otherwise, Yellow Band will be seen on OED device.

2. Install the appropriate Intel® SST driver based on the platform that the drivers are
being installed on (for example, ICL Intel® SST drivers in ICL platforms).

3. For TGL system installed with 20H1 OS, install GFX driver before SST driver
because GFX will enable SGPC (Shared Graphics Power Component). Otherwise,
there will be non-SGPC HDA hidden device in the Device Manager.

4. From TGL and ADL 10.29.00.6590, Intel® SST adopts the COPYINF mechanism,
so the other drivers will be automatically installed when the BUS driver is
installed.
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For ACX SDCA design, if Intel® SDW driver (IntcSDW.inf) and ACX Streaming
driver are installed at the same time, the speaker will not work. Make sure
IntcSDW.inf is not installed on ACX SDCA design. Removing IntcSDW.inf from
system can solve speaker issue. Remember to remove Intel® SDW driver
(IntcSDW.inf) from driver package before installing ISST. For WU submission with
ACX SDCA design, ODM/OEM has to remove “IntcSDW.inf” from driver package
and submit DUA.

Checking Driver Version

To check the Intel® SST Driver version:

1.
2.

o v AW

Open the Device Manager.

Click Sound, Video, and Game controllers’ arrow to open the list of
audio/sound devices.

Double click the device named as Intel® Smart Sound Technology.
Select Driver tab and verify that the Intel® SST driver version is correct
Double click HW Audio Codec device

Select Driver tab and verify that the Codec driver version is correct

8§
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5

Basic Audio DSP Features
Check

5.1

5.2

5.3
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Playback on System Pin

u b W N =

Prepare .wav sound file (for example 24bit, 48khz, stereo)
Open Windows* Media Player

Select and play the .wav sound file

Check if the sound is audible

Try different sound file extensions (.mp3, .aac).

Playback on Offload Pin

u b W N

Prepare .wav sound file (for example 24bit, 48khz, stereo)
Open Windows* Groove Music.

Select and play the .wav sound file

Check if the sound is hearable

Try different sound file extensions (.mp3, .aac).

Recording Volume on DMIC to PCH

oA WNe

Open Windows* Voice Recorder.

Click Record button and start to record.

Open Recording page in Sound from the speaker icon in right-down corner.
Try to adjust the volume bar to check recording volume.

Check if recording volume take effect as expectation or not.

Check the description of HWID in properties page of Device Manger as well. The

full string of DMIC PDM endpoint descriptor is as shown below,

a. LINKTYPE_O02&DEVTYPE_OO&DEV_AE20 ||
LINKTYPE_O2&DEVTYPE_O01&DEV_AE20 (DEVTYPE_0O is required in the
latest BIOS RC code, but DEVTYPE_O01 is required due to old BIOS RC code
compatibility)
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File Action View Help
e mE HEHm B EXE

= IntelR) Integrated Sensor Solution
E= Intel(R) LPC Controller/eSPi Controller - 0284 Intel® Smart Sound Technology (Intel® SST) Properties X
E= Intel(R) Management Engine Interface
E= Intel(R) PCI Express Root Port #12 - 0283
= Intel(R) PCI Express Root Port #5 - 02BC 2 tet® Sman Sound Tachnology (itak® SST)
= intelR) PCI Express Root Port #9 - 02B0 )
Em Intel(R) Serial I0 GPIO Host Controller - INT34BB
= Intel(R) Serial 10 12C Host Controller - 02E8 Property
E= Intel(R) Serial 10 12C Host Controller - 02E9 Hardware ids
Em Intel(R) Shared SRAM - 02EF
~ 3 Intel(R) Smart Sound Technology (Intel(R) SST) Audio Controller

#{ Intel®) Display Audio ADEVAOZCE*-LINKTYPE_DZEDEVT\’PE_N &VENAW%&DEVAAE’Z#SUE

v E® Intel(R) Smart Sound Technology (Intel(R) SST) OED
= Detection Verification
I v i Intel® Smart Sound Technology (Intel ® SST)
= Microphone Array (3- Intel® Smart Sound Technology (Intel ® SST))

i Realtek(R) Audio

E= Intel(R) SMBus - 02A3

Bt (e l/BA €D Ml rbh Fmnbonllne AIAA

General Driver Details Events

Value

Note: Since Intel DMIC driver does not provide analog AGC when DMIC is connected to PCH,
you will require 3 party SW APO to support SW gain control for volume adjustment.

5.4 Bluetooth Audio on Offload Pin

e ADL/RPL + Intel® Wi-Fi 6E AX211: Support Bluetooth HFP and A2DP audio offload.
Bluetooth A2DP audio offload can support SBC and AAC codec.

e TGL-R + Intel® Wi-Fi 6 AX201: Support Bluetooth HFP and A2DP audio offload.
Bluetooth A2DP audio offload can support SBC codec.

e TGL-U/H + Intel® Wi-Fi 6 AX201: Support Bluetooth HFP audio offload.

Note: Refer to Ref002 - "Bluetooth Audio Offload Technical Advisory” for more details.

1. For TGL, contact BIOS member to ensure GPIOs for BT Offload (GPPC_A_7 and
GPPC_A_10) are configured as GPIO mode.
For ADL, ODM should not expose 1252 externally

Sanal p_ GPIO power Wel Voltage Native Function 1 Native Native Function 2 Native
blqlld Name Community ower wei Tolerance ative Function Dirt atve runcton Dir2
VCCPRIM_1P8
GPP_R4 / HDA_RST# / 1252_SCLK / DMIC_CLK_AQ |GPP_R¢ § SOl gvaraav [HoaRsTe out  |1252_5CLK inout
- VCCPRIM_3P3 - -
VCCPRIM_1P8 or .
GPP_RS / HDA_SDI1 / 1252_SFRM / DMIC_DATAO - : .
_RS / HDA_SDI1 / 1252_SFRM / DMIC_| GPP_RS 5 oo spy |18 Ver33V [HoASDIL inout  |1252_SFRM inout
VCCPRIM_1P8 or
GPP_R6 / 1252_TXD / DMIC_CLK_A1 GPP_RG 3 - 18Vor3av 1252.TXD out
-6/ 1252.T20 / DMIC.OX.. - VCCPRIM_3P3 -
VCCPRIM_1P8 or )
GPP_R7 / 1252_RXD / DMIC_DATA1 - : .
_R7 /1252 RXD / DMIC_| GPP_R7 § VCEPRM 3 18Vor3av 1252 RXD in

Recommend following ADL/RPL RVP Design as below:
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Primary Well Group R (Per-Family 1.8 V or 3.3 V) GPIO Community 5

GPP_RO / HDA_BCLK / 1250_SCLK / DMIC_CLK_BO / -
GPP_RO |HDAPROC_BCLK MNative F1
GPP_R1 GPP_R1 / HDA_SYNC / 12S0_SFRM / DMIC_CLK_B1 . Native F1 |
GPP_R2 GPP_R2 / HDA_SDO / 12S0_TXD / HDAPROC_SDO Native F1
GPP_R3  |GPP_R3/ HDA_SDIO / 1250_RXD / HDAPROC_SDI | Native F1 |
GPP_R4 |GPP_R4 / HDA_RST# / 1252_SCLK / DMIC_CLK_AO Native F1
GPP_RS GPP_RS / HDA_SDI1 f 1252 _SFRM / DMIC_DATAOQO GP-In
GPP_R6  |GPP_R6 / 12S2_TXD / DMIC_CLK_A1  GP-In
GPP_R7 GPP_R7 / 1252_RXD / DMIC_DATA1 GP-In

Follow Section 2.3 to configurate BT Audio offload in BIOS.
For audio device setup:

a. Pair with Bluetooth Headset.

b. Go to Playback tab in Sound.

c. Verify that the Bluetooth “Headset (Hands-Free)” and Bluetooth “"Headphones
(Stereo)” is available.

>
Playback Recording Sounds Communications
Select a playback device below to modify its settings:

Headset

Headphones
G HBS ) Stere:

onfigure Set Default | Properties

OK Cancel Apply

BT driver will query the BIOS and write into the registry with the appropriate
audio offload support value, applies to both HFP and A2DP:

a. [HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Enum\USB\VID_<VID>
&PID_<PID>\<DEV_ID>\Device Parameters]

i. If BT Audio Offload is to be disable, “"Sco Support Type” <0x0>
ii. If BT Audio Offload is to be enable, "Sco Support Type” <0x2>
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ﬁ Registry Editor
File Edit View Favorites HeIP

Cumputer\HKEY,LOCAL,MACHINE\SYSTEM\CurrentCuﬂtrDISEI\Enum\USB\VID,8087&PID,OOZdS&ZﬂJDfD?f&O&W D-IDevice Parameters I

UEFI
v use
ROCT_HUB30
VID_0408&PID_5440
VID_0408&PID_5440&MI_00
VID_0408&PID_5440&MI_02
VID_04618PID_4DE2
VID_05E3&PID_0610
VID_05E3&PID_0612
VID_06CB&PID_00C9
VID_0781&PID_5583
VID 0BDA&PID 8153
3 582fb0f07f&08&10
v Device Parameters
: Ceip
e5b3b5ac-9725-4f78-963f-03dfb1d828c7
Properties

Name Type Data
{ﬁ] (Default) REG_SZ (value not set)
{E‘]Devi(EAddressCa(he REG_SZ 3413e8e82235
4 eviceRemoteWakeSupported REG_DWORD 0x00000001 (1)
eviceSelectiveSuspended REG_DWORD 0x00000001 (1)
numerationRetryCount REG_DWORD 0x00000000 (0)
adioState REG_DWORD 0x00000002 (2)
emoteWakeEnabled REG_DWORD 0x00000001 (1)
cans Before Qut of Range REG_DWORD 0x00000008 (8)
g REG DWORD 0x00000002 (2)
REG_DWORD 0x00000002 (2)
—
tore Link Key COD Masks REG_BINARY 0000 1f 43 00 00 05
b SymbalicLinkName REG_SZ \?M\USB#VID_80878&
{E]SymbolicName REG_SZ \?M\USB#VID_80878&
%4)VsMsftOpCode REG_DWORD 0x0000fcTe (64542)

5.

Check the Controller information from Sound > Playback >
Headset/Headphones Properties and check if “Intel® Corporation” instead
of “"Microsoft” if it is running on the offload pin.

Q Headset Properties

General Levels Advanced Spatial sound

Q

Change lcon

Controller Information

LG HBS730 Hands-Free AG Audi

o Properties

Intel(R) Corporation

Device usage: Use this device (enable)

Apply

x

& Headphones Properties

General |evels Advanced Spatial sound

®

Change Icon

Controller Information

LG HBS730 Stereo

Intel(R) Corporation

Use this device (enable)

OK 1

Device usage:

Cancel

Properties

Apply

34

Since the BT Audio link is not standard HD audio, there are necessary

configurations in NHLT as described in Section 3.4. An extra Intel® SST child
device would be under Intel OED if right NHLT integrated into BIOS as shown in

figure below.

Check the description of HWID in properties page of Device Manger as well. The
full string of BT Endpoint Descriptor is as below,

LINKTYPE_O3&DEVTYPE_OO&DEV_AE30
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> [ Processors

» [} Security devices

) !* Software components

» | Software devices

v | Sound, video and game controllers Select a playback device below to modify its st Headphones)
i Intel® Smart Sound Technology for Bluetooth® Audio )
i Intel® Smart Sound Technology for USB Audio Headphones Change fcon
i Jabra Stylev1 30 () it Gl
| NVIDIA High Definition Audio Controller Information
| NVIDIA Virtual Audio Device (Wave Extensible) (WDM) B ) !‘f”'”’f‘ ?9:‘?'!‘_‘ o Jabra Style v1.3.0 Properties
i| Realtek(R) Audio W) otplug

» S Storage controllers

> [Em System devices

) ! Universal Serial Bus controllers - §) Nt

) , Universal Serial Bus devices

0] & Headphones Propetties X

Payback Recordng Sounds Communications enerdl Levels Advanced Spatialsound

Intel(R) Corporation

. NVIDIA Qutput

8. If there is Bluetooth - UsbScoDataTransportLayer WHQL failure for BT offload
enabled system, contact Intel Bluetooth and Audio CE for details.

5.5 USB Audio Offload

Note: Refer to Ref012 - “"USB Audio Offload Technical Advisory” for more details.

USB audio offload is supported only on UAC 1.0 devices, and not on UAC 2.0 or other
devices. Customers can use USB View tool from Microsoft* WDK to determine the type
of USB device (UAC 1.0 or UAC 2.0) connected to the system.

For TGL, USB Audio is offloaded to DSP by default, refer to Ref013 for UAOL
enable/disable in BIOS. From ADL, follow Section 2.3 to enable/disable UAOL.
Additionally, BIOS must set HCCPARAMS2.GSPC on 1 (When GSPC is 0, then MSFT
inbox driver will not expose interface to OED and IntcUSB will not be enumerated).

Refer to items below to check UAOL enable successfully or not.

1. After the driver of UAOL installed, check the Controller information from Sound
> Playback > Headset Properties, and check Intel® Corporation if it is
running on USB audio offload pin.
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| ® sound
Playback Recording Sounds Communications

Select a playback device below to modify its settings:

Speakers
u ntel® Smart Sound Technology (Intel® SST)
Ready

f Headphones
@, ntel® Smart Sound Technology (Intel® SS
¥ notp ugged in

Headset Earphone
& Plantronics Blackwire 320
Default Device

& Headset Earphone Properties X

General Levels Advanced Spatial sound

Q

Change lcon

Controller Information
Plantronics Blackwire 320 Properties

Intel(R) Corporation

Jack Information

® Front Panel Analog Jack

2. Check if the USB headset device is as child device of Intel® SST OED.

Note: USB headset endpoints will still appear under xHCI in the device manager. Check the
description of HWID in properties page of the Device Manger as well. The full string of
USB Audio device descriptor is as shown below,

a. LINKTYPE_O6&DEVTYPE_O06&DEV_AE50
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E= SPI (flash) Controller - AOA4

Intel® Smart Sound Technology (Intel® SST) Properties X
i3 HP Application Driver i P
5.;'. Intel RST VMD Controller 9A0B (TGL) General Driver Details Events
S Intel RST VMD Managed Controller 09AB
3 IntelR) Dynamic Tuning Processor Participant ? Intel® Smart Sound Technology (Intel® SST)
[Z Intel(R) Integrated Sensor Solution
[Z Intel(R) Management Engine Interface Property
E3 Intel(R) Serial 10 12C Host Controller - AOE8

Hardware Ids v

E3 Intel(R) Serial 10 12C Host Controller - AOE9
E3 Intel(R) Smart Sound Technology (Intel(R) SST) Audio Controller Value
~ 3 Intel(R) Smart Sound Technology (Intel(R) SST) OED

¥ Detection Verification

iy Intel® Smart Sound Technology (Intel® SST)

I Intel® Smart Sound Technology (Intel® SST)

Intel ® Smart Sound Technology (Intel® SST)
iy Intel® Smart Sound Technology (Intel® SST)

<

INTELAUDIO\LIN K'I'YPE,DB&DEVTYPE,OS&VEN,BDEB&DEV,AE&‘&S
INTELAUDIO\CTLR_DEV_AOC8&LINKTYPE_06&DEVTYPE_06&VEN_E&

1 ® sound X

iy Realtek SoundWire HW Audio Codec Device Driver
[4) Intel(R) Tigerlake Telemetry Aggregator Driver
& IntelR) UHD Graphics
v Intel(R) USB 3.10 eXtensible Host Controller - 1.10 (Microsoft)
i Intel(R) USB 3.10 eXtensible Host Controller - 1.10 (Microsoft) Speakers
v i USB Root Hub (USB 3.0) m ntel ® Smart Sound Technology (Intel® SST)
£) Intel(R) Wireless Bluetooth(R) Ready
3| Synaptics UWP WBDI ( Headphones
USB Composite Device @ ntel ® Smart Sound Technology (Intel ® SST)
. . ¥ Not plugged in
USB Composite Device
iy _Plantronics Blackwire 320 H‘Ead“‘t Farproze.
@ Headset Earphone (Plantronics Blackwire 320) I;a ronies E ackwire 220
efault Device
@ Headset Microphone (Plantronics Blackwire 320)
i USB Input Device
? Intel(R) Wi-Fi 6 AX201 160MHz
[3 PCI Express Root Port General Levels Advanced Spatial sound
[m PCI Express Root Port

[m PCl standard host CPU bridge 9

@ PCl standard RAM Controller

Playback Recording Sounds Communications

Select a playback device below to modify its settings:

< =@ =@ S

& Headset Earphone Properties x

[= Thunderbolt(TM) Controller - 9A1B Change lcon

Trusted Platform Module 20

UCM-UCSI ACPI Device Controller Information

rosoft UEFI-Compliant System Plantronics Blackwire 320 Properties

Arbitration Driver

site Bus Enumerator Intel(R) Corporation

5.6 SoundWire* Audio Device

In SDW design, there is one SDW audio device as a child device under Intel OED after
driver of IntcSDW is installed. Check the description of HWID in properties page of
Device Manger as well. The full string of SDW endpoint descriptor is as below,

1. LINKTYPE_OS5&DEVTYPE_OS5&DEV_AE35
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& Device Manage — ] X
File Action View Help
e B E BHRE B BXE
K3 Intel(R) Serial 10 GPIO Host Contraller - INT34BB. L)
E3 Intel(R) Serial 10 12C Host Controller - 02C5 Intel® Smart Sound Technology (Intel® SST) Properties X
K3 Intel(R) Serial 10 12C Host Controller - 02E8
E3 Intel(R) Serial 10 12C Host Controller - 02E9 General Driver Details Events
3 Intel(R) Shared SRAM - 02EF
~ 3 Intel(R) Smart Sound Technology (Intel(R) SST) Audio Controller 9 Intel) Smart Sound Technology (Intel® SST)
v E@ Intel(R) Smart Sound Technology (Intel(R) SST) OED
K3 Detection Verification Property
! ! Hardware Ids
~ W Intel® Smart Sound Technology (Intel® SST)
= Microphone Array (Intel ® Smart Sound Technology (Intel ® SST)) Value
l: Realtek Audio Effects Component (INT) DEV_02C8RLINKTYPE_058DEVTYPE_05&VEN_8086&DEV_AE3588UE
¥ Realtek Audio Universal Service DEV_02C8RLINKTYPE_058DEVTYPE_DS&VEN_8086&DEV_AE3585UE
i Speakers (Intel ® Smart Sound Technology (Intel ® SST))
r Waves Audio Effects Component for DO
| Realtek SoundWire HW Audio Codec Device Driver
iy Realtek SoundWire HW Audio Codec Device Driver
| Realtek SoundWire HW Audio Codec Device Driver
I3 Intel(R) SMBus - 0243
1® ith Multi-Voi i
5.7 Intel® WoV with Multi-Voice Assistant

Note: Refer to Ref006 - "MVA enabling guidance” for more details. MVA extension inf and
Intel® SST driver binaries are separate links in Microsoft partner web site and needs
to be resold separately. MVA extension version matches the DetectionVerificationDrv.

For Multi-Voice Assistant enabling, configurations in BIOS, MVAExtension.Inf and
Windows* settings are required.
1. BIOS

Follow Section 2.3 to configurate BIOS, Set VAD API Mode as Windows* 10
Voice Activation

Intel Advanced Menu = PCH-IO Configuration * HD Audio Configuration = HD
Audio DSP Features Configuration

= WoV (BIT 0) = [TRUE]
* \VAD API Mode (BIT 8) = [Windows 10 Voice Activation]

2. MVA Extension Inf
Define configuration of VAs for a given design in IntelMvaExtension.inf

; Default placed in VALocaleMap registry key. By default, Alexa and Cortana supported in all locales
[IntelMva.EnableMva_Default]
HKR, VALocaleMap,VAEventIDs,0x00010000, %HeyCortanaEventGuidd%, %AlexaEventGuid#

; OEM DLL will read VALocaleMap to determine what VAs to support based on current system locale.
; China Chinese (Simplified) (08@4) only supports Cortana and Xiaowei

; VAEventIDs value will be place in locale language id subkey: VALocaleMap\08e4.
[IntelMva.EnableMva_zh-CN]

HKR,VALocaleMap\zh-CN,VAEventIDs,0x00010000, sHeyCortanakventGuidk, %XiaoweiEventGuidk

Check the MVA extension installation and version by command with Administrator
right “"dism /Online /Get-Drivers /Format:table |findstr mva”.
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\» dism /Online /Get-Drivers /Format:table |findstr mva

intelnvaextension, inf ? Exte

3. Windows* Settings:

Turn on VAs access right to Microphone and Voice Activation, Enable capture

audio enhancements.
a. Turn on VAs access to Microphone

L o Settings
@ Home Microphone
Microphone privacy settings] % | Turning off an app here might limit what it can do

[ Microphone privacy settings 3D Viewer @ off
Choose which apps can access your

i} Ales

= microphone . b c on,

Last accessed 2/5/2020 6:46:24 PM

Turn off microphone access
. Camera - ) On
systemwide

[ =]

apps

i Turn off microphone access for all E Cortana Q On

B Inking & typing personalization . Desktop App Web Viewer @ off

A7 Diagnostics & feedback

b. Turn on VAs access to Voice Activation

@ Home Voice activation

| voice activation =< |

& Voice activation privacy settings

Windows permissions
@ o

8 General
Choose which apps can use voice activation

A Speech Tarhing off veiesactvaton for anapp e will ot change the app s
access to the microp e on this device. If m phone access is turned
Inking & typing personalization off for an app. these settings will be unavailable
2! Diagnostics & feedback E Cortana
Hi  Activity history Let Cort: d to "Cortana” ki d
i et Cortana respond to "Cortana” keywor: - o
Use Cortana even when my device is locked
App permissions - o
/A Location
Alexa
B Camera
Let Al d to "Alexa” ki d
et Alexa respond to "Alexa" keywor - o
& Microphone
Use Alexa even when my device is locked
% - oo
L= ternti

c. Select Sound Control Panel > Recording > Microphone Array >
Properties > Advanced, and check Enable audio enhancements
checkbox.
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) Sounc X, = Microphone Array Properties x
Playback Recording Sounds Communications General Listen Levels Advanced
Select a recording device below to modify its settings: Default Format

Select the sample rate and bit depth to be used when running in
Microphone Array shared mode.

Intel® Smart Sound Technology (Intel® S5T)
S AR 2 channel, 16 bit, 42000 Hz (DVD Quality)

l Headset Microphone

Exclusive Mode

Al\cw applications to take exclusive control of this device

Give exclusive mode applications priority

Signal Enhancements

Allows extra signal processing by the audio device

Enable audio enhancements

Configure Set Default |» | Properties Restore Defaults

oK Cancel Apply - Cancel Apply

4. Check if Cortana* application response when called “"Cortana”.

88
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6

-26dBFS MIC Sensitivity
Calibration

6.1

6.2

613171

-26dBFS Introduction

The -26dBFS/Pa calibration process is to let the system have -26dBFS/Pa input
sensitivity. To achieve it, we need to add a proper gain on DSP (for DMIC-to-PCH) or
codec (for DMIC-to-Codec) designs.

It can be separated into DMIC-to-PCH and DMIC-to-Codec cases. Refer an example:

Store on RTK defined

DMIC-to-CODEC registry. Generate by RTK
tool SetHWKWSMicGain PCH
Sound Analog Digital N "= 7777 Digital T T T T e BAAT '
.| Codec 1 | '
input Level N . Level ‘ DSP FW '
94dB SPL (1pa) . LdBFS | W 26dsFs | Other
Lf N (26aprs)— - | i Processing
) ; i | and 3™ party
DMIC ) H i IPs i
(Over-the-Air) (PCM) e ' (HDA)
DMIC-to-PCH
T o P
igita | i '
input Legve| d‘eimed‘ registry Digital DSP FW 3
94dB SPL (1pa) . L dBFs 3 GAIN Level Other
L_T_J | (-26dBFS) - L -26dBFS Processing
: s and 3 party
DMIC ]
(Over-the-Air) (PCM) ‘ IPs
STEP1: measure L STEP2: apply gain
Example PPy g
as -32.7 dBFS/Pa -26dBFS - L
= -26dBFS - (-32.7 dBFS)
= 6.7dB

SPET and MIC Sensitivity Calibration Tool

Intel SPET Tool and Documents: (contact Intel Audio CE to enable access and get
latest SPET download link)

e SPET v2.0
https://www.intel.com/content/www/us/en/secure/design/confidential/software-
kits/kit-details.htmlI?kitld=728908

e Intel® Speech Platform Evaluation Toolset 2 (SPET2) User Guide
https://cdrdv2.intel.com/v1/dl/getContent/728048

Note: SPET 2.0 covers all of platforms. SPET 1.0 covers the platform before ADL (including

ADL). Get the SPET 1.0.2582.0 and test guide from the DRC if necessary (Content ID:
1000547)
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6.3 MIC Sensitivity Calibration Process

1. Follow Intel® Speech Platform Evaluation Toolset Test Guide to setup your lab or
run by PAL lab.

2. Perform Microphone Path Evaluation according to instructions in the test guide.

3. Localize all tests related to sensitivity. If all the tests passed — no further action is
required. If any of these tests is failed - then sensitivity calibration is required.

Py
8
(1]
o
[
-3
c
n

Metric Name

DUT Clock Drift

Metric Name Test Status

DUT Clock Drift

Frequency Response - Channell Frequency Response - Channell

Noise Floor - Channell

SDNR - Channell

Noise Floor - Channell

SDNR -Channell

Aliasing - Channell
Sensitivity (wideband) - Channell

Aliasing - Channell

Sensitivity (wideband) - Channell

Frequency Response - Channel2 Frequency Response - Channel2

Noise Floor - Channel2

SDNR -Channel2

Noise Floor - Channel2

SDNR - Channel2

Aliasing - Channel2 Aliasing - Channel2

Sensitivity (wideband) - Channel2 Sensitivity (wideband) - Channel2

Microphones Frequency Response Matching Microphones Frequency Response Matching

) 0 ) )

> > > >
INTHNAHNBHINI T HNB BB |8
ol P B | PAL B A R (A (A A B (B

Sensitivity (wideband) - all channels average Sensitivity (wideband) - all channels average

Example A (left): All sensitivity tests passed — no action required.

6.4 Calibrate MIC Sensitivity for DMIC-to-PCH Design

1. Get the suggested gain from the SPET Microphone Evaluation report (inside
“Channel Comparison” section).

Metric Name Measured value Unit Baseline Requirement Target Requirement

Greatest difference in channel sensitivity

Metric Name Unit Value TargetValue
Sensilivity (wideband) - all channels average | dBfs/Pa| -305 26
gainforall Is+4.5dB
Metric Name Test Status

Sensitivity (wideband) - all channels average FAIL

2. Set the gain to DMIC in registry table

[HKEY _LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\Class\{4d36e96c-e325-
11ce-bfc1-08002be10318}\<instance>\GlobalSettings\Device0]

3. Make sure the <instance> is IntcDMic.sys
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intel.

[ Registry Editor

File_Edit View Favorites Hel
Computer\HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\Class\{4d36e96c-e325-11ce-bfc1-08002be103181\0001 I

12db15374-706e-4131-a0c/-d7c78eb0289a}
{3163c566-d381-4467-87bc-a65a18d5b648}
{3163c566-d381-4467-87bc-ab5a18d5b643}
{36bc4807-31dc-4003-8de0-a3bf531e7062}
{36fc9e60-c465-11cf-8056-444553540000}
{3e3f0674-c83c-4558-bb26-9820e1eba5c5}
{43675d81-502a-4a82-9f84-b75f418c5dea}
{4658ee7e-f050-11d1-bbbd-00c04fa372a7}
{48721b56-6795-11d2-b1a8-0080c72e74a2}
{48d3ebcd-4cf8-48ff-b869-9c68ad42eb9f}
{49cebac8-6186-11d2-b1e5-0080c72e74a2}
{4d36e965-e325-11ce-bfc1-08002be10318
{4d36e966-e325-11ce-bfc1-08002be10318]
{4d36e967-e325-11ce-bfc1-08002be10318
{4d362968-e325-11ce-bfc1-08002be10318
{4d36e969-e325-11ce-bfc1-08002be10318
{4d36e96a-e325-11ce-bfc1-08002be10318]
{4d36e96b-e325-11ce-bfc1-08002be10318}
{4d36e96c-e325-11ce-bfc1-08002be10318}
0000

}
)
)
)
}
)

v 0001

DispatchSettings
Drivers
i v GlobalSettings
Devicel
PowerSettings
0002
0003
0004

nnng.

3

Name

ab| (Default)

ab| AssociatedFilters
ab| Driver

ab| DriverDate

%8 DriverDateData
ab| DriverDesc

ab| DriverVersion

5| Includedinfs

ab InfPath
ab|InfSection

s

ab| MatchingDeviceld
ab| ProviderName

Type
REG_SZ
REG_SZ
REG_SZ
REG_SZ
REG_BINARY
REG_SZ
REG_SZ
REG_MULTI_SZ
REG_SZ
REG_SZ
REG_SZ
REG_SZ
REG_SZ

Data

(value not set)

wdmaud swmidiredbook
IntcDMic.sys
—
10-19-2020

0000 a4 c9 aa a5 d6 01

Intel ® Smart Sound Technology for Digital Microp...

10.29.0.4648
—

ks.inf wdmaudio.inf
oem79inf
IntcAudModel NT

1

INTELAUDIO\CTLR_DEV_AQC8&LINKTYPE_02&DEV...

Intel(R) Corporation

4.  Set the Gain with DWORD type to registry. To get value multiply suggested gain

in dB by 65536 and convert to hexadecimal notation.
In example: 4.5dB x 65536 =

294912 =

0x00048000

[ Registry Editor
File Edit View Favorites Help

|C0mputer\HKEY_LOCAL MACHINE\SYSTEM\CurrentControl Set\Control\Class\{4d36e96¢-e325- 11ce-bfc1-08002be103 1810001\ GlobalSettings\Deviced |

2db15374-706e-4131-a0c7-d7cT8eb0289}
3163566-0381-4467-87bc-a65a18d5b648}
3163566-0381-4467-87bc-ab5a18d5b649}
36bc4807-31dc-4003-8de0-a3bf531e7062)
36fc9e60-c465-11cf-8056-444553540000]

3e3f0674-cB3c-4558-bb26-9820e T ebadeS}
[43675d81-502a-4382-9784-b75418cSdea}
[4658¢e7e-f050-11d1-b6bd-00c04fa3T2aT}
4872156-6795-11d2-b1a8-0080c72e74a2}
[48d3ebcd-4ci8-48ff-b869-9c68ad42ebdr)

[49ce6acB-6186-11d2-b1e5-0080c7 2e74a2}
[4d36e965-325-11ce-bfc1-08002be10318)
[4d36e966-325-11ce-bfc1-08002be10318)
[4d36e967-¢325-11ce-bfc1-08002be10318)
[4d36968-¢325-11ce-bfc1-08002be10318)
[4d36e969-€325- 11ce bfc? -08002be10318}

{
{
{
[
[
{
{
{
{
{
{
{
[
{
{
{

A

Name Type Data

ib](DefauIt) REG_SZ (value not set)

#iGain. REGDWORD  OxDO04B000 (234912)

WSteamfomal  REGBINARY feff 020080 bb0000 00 ee 0200 04001000 16..

b.

613171

Re-test SPET and make sure MIC sensitivity setting take effect.
Integrate the registry setting in audio installation package at production

stage.
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6.5

44

Calibrate Gain for DMIC-to-Codec Design

Contact Codec vendor to get the gain adjust tool or method.

88
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Intel® SST Driver from Inbox
Driver on Audio DSP Disabled
System

613171

Note:

The newest proposal between Microsoft* and Intel assures and enables customers to
keep UAA compliant hardware IDs while still supporting the Intel® SST driver stack.

Systems that use the HD-A interface are recognized to be UAA compliant. Refer below
for the proposals:

¢ Microsoft* Inbox HD-A Bus Driver
— Match on PCI\CC_0403
— Child PnP IDs are "HDAUDIO\...”

¢ Intel HD-A Bus Driver
— Match on PCI\VEN_8086&DEV_1324&CC_040301
— Match on PCI\VEN_8086&DEV_1234&CC_040100
— Child PnP IDs are “"INTELAUDIO\...”

As such:
Class Subclass Programming Interface Drivers Supported
04 03 00 Microsoft* Bus Driver * (Windows* 7+)
Microsoft* Bus Driver * (Windows* 7+)
04 03 80 . .
Intel® SST Bus Driver (Windows* 8+)
04 01 00 Intel® SST Bus Driver (Windows* 8+)
1 Platform configuration must be UAA compliant (example, DMIC must attach to

codec, 12S) for Microsoft* bus driver support.

¢ Rowl with class code 040300: Legacy systems that support the Microsoft*
Inbox Bus driver that is UAA compliant. This value is required to be used on the
non-SST systems with DMIC attached to the HD-A Codec.

¢ Row2 with class code 040380: This value is required to be used on SST enabled
systems with DMIC attached to HD-A Codec.

¢ Row3 with class code 040100: This is for systems where the DMIC is attached to
the PCH via the PDM interface thus deeming it to be a non UAA compliant system.

88
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