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1

Introduction

1.1 Scope and Layout of This Document

This document is divided into seven chapters.

Chapter 1 is an introduction to the specification. It contains a high level overview of the
specification layout, goals, and non-goals.

Chapter 2 provides an introduction to the High Definition Audio architecture.

Chapter 3 describes the details of a High Definition Audio controller register set, as well as the data
structures used in programming the controller. Software programmers and controller hardware
designers will find this chapter of interest.

Chapter 4 is a software programming reference designed to aid in the development of High
Definition Audio compliant software, including controller and codec programming. This chapter is
of primary interest to those writing High Definition Audio compliant software or to readers looking
for more detail about the functionality of the hardware.

Chapter 5 describes the High Definition Audio physical link protocol. Designers of controller and
codec hardware will find this chapter of interest.

Chapter 6 describes the physical link electrical requirements necessary for interfacing High
Definition Audio controllers with codecs on the link. Designers of controller and codec hardware
will find this chapter of interest.

Chapter 7 describes the High Definition Audio codec architecture. Information on codec
architectural building blocks, as well as the software programming model, is provided. Codec
hardware designers and software programmers will find this chapter of interest.

1.2 Motivation and Goals

16

The primary goals of the High Definition Audio (HD Audio) specification are to describe an
infrastructure to support high quality audio in a PC environment. The specification includes the
definition of the controller register set, the physical link description, the codec programming model,
and codec architectural components.

The High Definition Audio specification primarily focuses on audio functionality for purposes of
architectural description. Other codec types are implementable within the High Definition Audio
architecture. In particular, voice band modems codecs (v.92, for instance) are supported, as the
modem data rates and types of data are typically a subset of the audio data rates and types. See
Section 7.2.2.2 for more information about modem support. In general, the High Definition Audio
specification does not prohibit the implementation of other codec types provided that they comply
with all codec requirements laid out in Chapters 3 through 7 of this specification.
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1.2.1 AC‘97 Compatibility

The High Definition Audio architecture was not developed with the intent of being backward
compatible with AC’97. Unlike AC’ 97, the primary goal of the High Definition Audio
Architecture is to develop a uniform programming interface and to provide fundamental flexibility
and capabilities beyond those supported by AC’97. Therefore, the High Definition Audio
architecture and specification must be considered entirely a separate specification from AC’97,
implying no backward compatibility. Specifically, link protocol and operation between these two
specifications is not compatible. AC’97 and High Definition Audio codecs cannot be mixed on the
same link or behind the same controller.

1.2.2 Feature List

Support for 15 input and 15 output streams at a time

Extensive support for scalability in controller, link, and codec design to optimize for cost,
performance, or features

Sample rate support ranging from 6 kHz to 192 kHz.

Support for 8-, 16-, 20-, 24-, and 32-bit sample resolution per stream.

Up to 16 channels per stream.

48-Mbps outbound link transfer rate per SDO.

24-Mbps inbound transfer rate per SDI.

Support for striping on optional higher order SDO link pins to double or quadruple available
outbound bandwidth.

Support for multi-SDI codecs to increase available inbound link bandwidth.

Codec architecture is fully discoverable, allowing for codec design flexibility.

Audio codecs, modem codecs, and vendor defined codecs are all supported.

Command/Response codec communication mechanism for extensibility and flexibility.

Support for system wake generation from all codecs types.

Support for codec interrupt generation through Unsolicited Responses.

Extensive, fine grained power management control in the codec.

Industry standard 48-pin QFP package and pinout for codec.

Audio codecs support advanced jack detection and jack sensing for device discoverability and jack
retasking.

1.2.3 Related Documents
PCI Local Bus Specification, Rev. 2.3

PCI Power Management Interface Specification, Rev. 1.2
PCI Express* Base Specification, Rev. 1.0a

Advanced Configuration and Power Interface Specification, Rev. 2.0

17
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2 Architecture Overview

The purpose of this chapter is to introduce terminology specific to the High Definition Audio
architecture, which will be used throughout this specification, and to provide a qualitative
introduction to or theory of operation for the High Definition Audio architecture. This conceptual
overview should give the reader a foundation for ease of navigating through the interface and
syntactical details delivered in the balance of the specification. It is not the intent of this chapter to
provide any syntactic, timing, or otherwise quantitative definitions.

2.1 Hardware System Overview

The hardware building blocks of the High Definition Audio architecture are shown in Figure 1.
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Figure 1. High Definition Audio Architecture Block Diagram
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Controller: The High Definition Audio controller is a bus mastering I/O peripheral, which is
attached to system memory via PCI or other typical PC peripheral attachment host interface. It
contains one or more DMA engines, each of which can be set up to transfer a single audio “stream”
to memory from the codec or from memory to the codec depending on the DMA type. The
controller implements all the memory mapped registers that comprise the programming interface as
defined in Section 3.3.

Link: The controller is physically connected to one or more codecs via the High Definition Audio
Link. The link conveys serialized data between the controller and the codecs. It is optimized in
both bandwidth and protocol to provide a highly cost effective attach point for low cost codecs.
The link also distributes the sample rate time base, in the form of a link bit clock (BCLK), which is
generated by the controller and used by all Codecs. The link protocol supports a variety of sample
rates and sizes under a fixed data transfer rate.

Codec: One or more codecs connect to the link. A codec extracts one or more audio streams from
the time multiplexed link protocol and converts them to an output stream through one or more
converters (marked “C”). A converter typically converts a digital stream into an analog signal (or
vise versa), but may also provide additional support functions of a modem and attach to a phone
line, or it may simply de-multiplex a stream from the link and deliver it as a single (un-multiplexed)
digital stream, as in the case of S/PDIF. The number and type of converters in a codec, as well as
the type of jacks or connectors it supports, depend on the codec’s intended function. The codec
derives its sample rate clock from a clock broadcast (BCLK) on the link. High Definition Audio
Codecs are operated on a standardized command and control protocol as defined in Section 4.4.

Acoustic Device: These devices include speakers, headsets, and microphones, and the
specifications for them are outside the scope of this specification, except for discovery capabilities
such as defined in Section 7.3.3.15.

Packaging Alternatives: Figure 1 suggests that codecs can be packaged in a variety of ways,
including integration with the controller, permanent attachment on the motherboard, modular
(“add-in”) attachment, or included in a separate subsystem such as a mobile docking station. In
general the electrical extensibility and robustness of the link is the limiting factor in packaging
options. This specification does not define or standardize packaging options beyond the
standardized footprint of a codec as defined in Section 7.4.1 of this specification.

2.2 Streams and Channels

The High Definition Audio architecture introduces the notion of streams and channels for
organizing data that is to be transmitted across the High Definition Audio link. A stream is a
logical or virtual connection created between a system memory buffer(s) and the codec(s) rendering
that data, which is driven by a single DMA channel through the link. A stream contains one or
more related components or channels of data, each of which is dynamically bound to a single
converter in a codec for rendering. For example, a simple stereo stream would contain two
channels; left and right. Each sample point in that stream would contain two samples: L and R.
The samples are packed together as they are represented in the memory buffer or transferred over
the link, but each are bound to a separate D-to-A converter in the codec.
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Figure 2 illustrates several important concepts. First, a stream is either output or input. Output
streams are broadcast and may be bound to more than one codec; e.g., stream #3 might be a two-
channel (stereo) stream rendered by both Codec-A on a headset and by Codec-C on speakers. Input
streams may be bound to only a single codec; e.g., stream #2 contains the single channel — the input
side of a modem.

Each active stream must be connected through a DMA engine in the controller. If a DMA engine is
not available, a stream must remain inactive until one becomes available; e.g., stream #4 in this
example (presumably the one bound to the headset microphone) is not connected to a DMA engine
and is therefore inactive.

As a general rule, all channels within a stream must have the same sample rate and same sample
size.

System Memory

Buffer Buffer Buffer

Azalia
Controller

i | DMA-1 DMA-2 DMA-N

Streams

Codec-B

Figure 2. Streams
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Figure 3 shows how streams and channels are transferred on the link. Each input or output signal in
the link transmits a series of packets or frames. A new frame starts exactly every 20.83 us,
corresponding to the common 48-kHz sample rate.

- -

---| FRAME

|FRAME |---

P0.83us
[+ agkrn| 1

| L (20bit) | R (20bit) |LR(20bit) |RR(20bit)|

}<—| Stream S-2 Samples (4 Channels) |4>{

Figure 3. Conceptual Frame Composition

The first breakout shows that each frame contains command or control information and then as
many stream sample blocks (labeled S-1, S-2, S-3) as are needed. The total number of streams
supportable is limited by the aggregate content of the streams; any unused space in the frame is
filled will nulls. Since frames occur at a fixed rate, if a given stream has a sample rate that is higher
or lower than 48 kHz, there will be more or less than one sample block in each frame for that
stream. Some frames may contain two sample blocks (e.g., S-2 in this illustration) and some may
contain none. Section 5.4.1 describes in detail the methods of dealing with sample rates other than
48 kHz.

The second breakout shows that a single stream 2 (S-2) sample block is composed of one sample
for each channel in that stream. In this illustration, stream 2 (S-2) has four channels (L, R, LR, RR)
and each channel has a 20-bit sample; therefore, the stream sample block uses 80 bits. Note that
stream 2 (S-2) is a 96 kHz stream since two sample blocks are transmitted per 20.83 us (48 kHz)
frame.

2.3 DMA Channel Operation

In the High Definition Audio architecture, all audio or modem data is transferred to or from the
codecs by the DMA engines in the High Definition Audio controller, which provide standard
scatter/gather DMA channel operation. The DMA engines must account for the behavior of their
memory attachment port, especially latency, and pre-fetch and buffer enough data on each stream
(one or two frames) to ensure there will not be an underrun or overrun on the isochronous High
Definition Audio link.

Each DMA engine, when it is enabled, walks through a memory-based list of buffer descriptors,
each of which identifies an arbitrary length data buffer. It processes each buffer in turn transferring
data to or from the codec. The controller’s register space for each DMA engine includes a pointer
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to the head of the buffer descriptor list, as well as a register identifying the last valid pointer in the
list, as is described in Section 3.1.

Initialization and Enumeration

Enumeration takes place at three distinct levels in the High Definition Audio architecture.

Controller: The High Definition Audio controller is initialized and enumerated using the standard
PCI enumeration mechanisms, or as is appropriate to the system interface. Other than defining
memory-mapped register space, that process is outside the scope of this specification.

Codec: After link reset, and during initialization, the link protocol provides each codec on the link
a unique ID. This process is described in Section 5.5.3 After the controller has been initialized and
the software driver loaded, the software queries each ID on the link to determine the capabilities of
the corresponding codec. Hot plugging of codecs is supported for docking solution.

Peripheral Devices: When the codec capabilities are enumerated, the types of input/output jacks
can be determined through the codec command and control mechanisms under control of the driver.
In addition, codec will be able to detect whether a peripheral device is plugged into the jack, and, in
some cases, may be able to determine the class of device involved.
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Register Interface

3.1

This chapter outlines the High Definition Audio Controller register interface. All High Definition
Audio controllers must implement the registers defined in Section 3.3. The registers defined in
Section 3.4 are optional and are not required by this specification.

Introduction to Controller Registers

3.1.1 Terminology

Table 1 lists terminology used in the definition of registers in this specification.

Table 1.  Register Type Definitions

Register Meaning

Attribute

RO Read only register

RW Read-Write

RW1C Read-only status, write-1-to-clear status register

ROS Sticky bit—-Read-only register

RWS Sticky bit—Read-Write register

RW1CS Sticky bit—-Read-only status, Write-1-to-clear status register.

HWINIT Hardware initialized; bits are read-only and cannot be reset.

RsvdP Reserved; software must do a read-modify-write to preserve the value of bits.
RsvdZz Reserved; software must use 0’s for writes to bits.

RSM Bit(s) are in the “Resume Well”; i.e., they maintain their state in any power state from

which the controller may wake the system.

3.1.2 General Register Behaviors and Access Requirements

24

All controller registers must be addressable as byte, Word, and Dword quantities. The software
must always make register accesses on natural boundaries; Dword accesses must be on Dword
boundaries; Word accesses must be on Word boundaries; etc.

Software must also properly handle reserved bits. Reserved bits may be designated “RsvdP” or
“RsvdZ.” Bits marked “RsvdP” must be preserved using read-modify-writes, while “RsvdZ” bits
must be written as 0’s. This handling helps to ensure future compatibility.

Fields or Registers marked as Read Only (RO) when part of a Register that is Read/Write may be
written, but the RO bits must contain the exact bit values that are returned when reading the
register, e.g. treated as RsvdP. Writing values that do not match values read from a RO field into
that RO field may cause indeterminate behavior.

Note that host controllers are not required to support exclusive-access mechanisms (such as PCI
LOCK) for accesses to the memory-mapped register space. Therefore, if software attempts
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exclusive-access mechanisms to the host controller memory-mapped register space, the results are
undefined.

3.1.3 Behavior With 64-bit Addresses

High Definition Audio controllers may have the ability to generate and use 64-bit addresses for
system memory. The system software can determine if the controller hardware has this support
ability by checking the 640K bit in the Global Capabilities register. If this bitis a 1, 64-bit
addresses can be used.

If the controller does support 64-bit addresses, the system software may use either 64-or 32-bit
addresses. All hardware registers which accept a 64 bit address must default the upper 32 bits to 0.
If a 32-bit address is then written to the lower 32 bits of the 64-bit register, the address will be
correct.

If the controller is capable of generating either 32-or 64-bit addresses, such as a PCI controller, it
may be more efficient to generate a 32-bit address if possible, rather than always generating a
64-bit address. In this case, the controller may use a logical “OR” of the upper 32 bits to determine
if the address can be correctly represented as a 32-bit address. The specific behavior will depend
on the bus on which the High Definition Audio controller resides.

3.2 High Definition Audio Controller System Bus Interface
Registers

The High Definition Audio specification does not define the interface-specific registers, such as the
PCI configuration space. These registers differ significantly from implementation to
implementation, and are well defined in their respective industry specifications.

3.3 High Definition Audio Controller Register Set

Table 2.  Controller Registers Summary

Offset = Offset

Start End Symbol Full Name

00 01 GCAP Global Capabilities

02 02 VMIN Minor Version

03 03 VMAJ Major Version

04 05 OUTPAY Output Payload Capability
06 07 INPAY Input Payload Capability
08 0B GCTL Global Control

oC 0D WAKEEN Wake Enable

OE OF WAKESTS Wake Status

10 11 GSTS Global Status

12 17 Rsvd Reserved

18 19 OUTSTRMPAY | Output Stream Payload Capability
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Offset
Start

1A
1c
20
24
28
30
34
38
3C
40
44
48
4A
4cC
4D
4E
4F
50
54
58
5A
5C
5D
5E
5F
60
64
68
6A
70
74
78
80
83
84
88
8C
8E
90
92

Offset
End

1B
1F
23
27
2F
33
37
3B
3F
43
47
49
4B
4c
4D
4E
4F
53
57
59
5B
5C
5D
5E
5F
63
67
69
6F
73
77
7F
82
83
87
8B
8D
8F
91
93

Symbol
INSTRMPAY
Rsvd
INTCTL
INTSTS
Rsvd
WALCLK
Rsvd
SSYNC
Rsvd
CORBLBASE
CORBUBASE
CORBWP
CORBRP
CORBCTL
CORBSTS
CORBSIZE
Rsvd
RIRBLBASE
RIRBUBASE
RIRBWP
RINTCNT
RIRBCTL
RIRBSTS
RIRBSIZE
Rsvd

ICOI

ICII

ICIS

Rsvd
DPIBLBASE
DPIBUBASE
Rsvd
SDOCTL
SDOSTS
SDOLPIB
SDOCBL
SDOLVI
Rsvd
SDOFIFOD
SDOFMT

Full Name

Input Stream Payload Capability
Reserved

Interrupt Contro

Interrupt Status

Reserved

Wall Clock Counter

Reserved

Stream Synchronization
Reserved

CORB Lower Base Address
CORB Upper Base Address
CORB Write Pointer

CORB Read Pointer

CORB Control

CORSB Status

CORB Size

Reserved

RIRB Lower Base Address

RIRB Upper Base Address

RIRB Write Pointer

Response Interrupt Count

RIRB Control

RIRB Status

RIRB Size

Reserved
Immediate Command Output Interface
Immediate Command Input Interface
Immediate Command Status
Reserved

DMA Position Buffer Lower Base
DMA Position Buffer Upper Base
Reserved

Input Stream Descriptor 0 Control
ISDO Status

ISDO Link Position in Current Buffer
ISDO Cyclic Buffer Length

ISDO Last Valid Index

Reserved

ISDO FIFO Size

ISDO Format
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Offset = Offset

Start End Symbol Full Name

94 97 Rsvd Reserved

98 9B SDOBDPL ISDO Buffer Descriptor List Pointer - Lower
9C 9F SDOBDPU ISDO Buffer Descriptor List Pointer - Upper
A0 x-1 Additional Input Stream Descriptors

X* X+2 SDnCTL Output Stream Descriptor 0 Control

x+3 x+3 SDnSTS OSDO Status

X+4 x+7 SDnLPIB OSDO Link Position in Current Buffer

X+8 X+B SDnCBL OSDO Cyclic Buffer Length

x+C x+D SDnLVI OSDO Last Valid Index

x+E X+F Rsvd Reserved

x+10 x+11 SDnFIFOD OSDO FIFO Data

X+12 X+13 SDnFMT OSDO Format

x+14 | x+17 Rsvd Reserved

x+18 x+1B | SDnBDPL OSDO Buffer Descriptor List Pointer - Lower
x+1C | x+1F SDnBDPU OSDO Buffer Descriptor List Pointer - Upper
x+20 y-1 Additional Output Stream Descriptors

y* y+2 SDmCTL Bidirectional Stream Descriptor 0 Control
y+3 y+3 SDmMSTS BISDO Status

y+4 y+7 SDmLPIB BSDO Link Position in Current Buffer

y+8 y+B SDmCBL BSDO Cyclic Buffer Length

y+C y+D SDmLVI BSDO Last Valid Index

y+E y+F Rsvd Reserved

y+10 | y+11 SDmFIFOD BSDO FIFO Data

y+12 y+13 SDMFMT BSDO Format

y+14 y+17 Rsvd Reserved

y+18 y+1B | SDmBDPL BSDO Buffer Descriptor List Pointer - Lower
y+1C | y+1F SDmBDPU BSDO Buffer Descriptor List Pointer - Upper
y+20 z-1 Additional Bidirectional Stream Descriptors

2030 2033 WALCLKA Wall Clock Counter Alias

2084 2087 SDOLPIBA Stream Descriptor 0 Link Position in Current Buffer
20A4 | 20A7 @ SDI1LPIBA Stream Descriptor 1 Link Position in Current Buffer

Other Link Position in Current Buffer registers

* The offsets indicated by “x”, “y”, and “z” are dependent on the number of Input and Output Stream
Descriptors as indicated by the ISS and OSS values in the Global Capabilities Register (see Section 3.3.1).

X = 80h + (ISS * 20h)
y = 80h + (ISS * 20h) + (OSS * 20h)
z=80h + (ISS * 20h) + (OSS * 20h) + (BSS * 20h)
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3.3.1 Global Capabilities, Status, and Control

The Global Capabilities register indicates the capabilities of the controller.

The Global Control register provides global level control of the controller and link. This includes
controller and link power management.

3.3.2 Offset 00h: GCAP — Global Capabilities
Length: 2 bytes

Table 3.  Global Capabilities

Bit Type Description

Number of Output Streams Supported (OSS): A value of 0000b indicates that there
are no Output Streams supported. A value of maximum 15 output streams are
supported.

1512 RO 0000b: No output streams supported
0001b: 1 output stream supported

1111b: 15 output streams supported

Number of Input Streams Supported (ISS): A value of 0000b indicates that there are
no Input Streams supported. A maximum of 15 input streams are supported.

0000b: No input streams supported
11:8 RO 0001b: 1 input stream supported
1111b: 15 input streams supported

Number of Bidirectional Streams Supported (BSS): A value of 00000b indicates that
there are no Bidirectional Streams supported. A maximum of 30 bidirectional streams
are supported.

7:3 RO 00000b: No bidirectional streams supported
00001b: 1 bidirectional stream supported

11110b: 30 bidirectional streams supported

Number of Serial Data Out Signals (NSDO): A 0 indicates that one SDO line is
supported; a 1 indicates that two SDO lines are supported. Software can enable the use
of striping by setting the appropriate bit in the Stream Buffer Descriptor.

2:1 RO 00: 1 SDO
01: 2 SDOs
10: 4 SDOs
11: Reserved

64 Bit Address Supported (640K): A 1 indicates that 64 bit addressing is supported by
0 RO the controller for BDL addresses, data buffer addresses, and command buffer addresses.
A 0 indicates that only 32-bit addressing is available.

There are a maximum of 30 Streams that can be supported, of which 15 may be configured as
output and 15 may be configured as input streams at any one point in time.
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3.3.3 Offset 02h: VMIN — Minor Version
Length: 1 byte

Table 4. Minor Version

Bit Type @ Reset Description

Minor Version (VMIN): Indicates minor revision number 00h of the High Definition

7:0 | RO 00h Audio specification, for specification version “1.0.”

3.3.4 Offset 03h: VMAJ — Major Version
Length: 1 byte

Table 5.  Major Version

Bit Type | Reset | Description

Major Version (VMAJ): indicates major revision number 1 of the High Definition

70 RO O1h Audio specification, for specification version “1.0.”

3.3.5 Offset 04h: OUTPAY - Output Payload Capability
Length: 2 bytes

Table 6.  Output Payload Capability

Bit Type | Reset Description

Output Payload Capability (OUTPAY): Indicates the total output payload
available on the link. This does not include bandwidth used for command and
control. This measurement is in 16-bit Word quantities per 48-kHz frame. The
default link clock speed of 24.000 MHz (the data is double pumped) provides
1000 bits per frame, or 62.5 Words in total. Forty bits (2.5 Words) are used for
command and control, leaving 60 Words available for data payload. Note that

15:0 RO 3Ch this value does not reflect any bandwidth increase due to support for multiple
SDO lines.

00h: 0 Words
01h: 1 Word payload

FFh: 255h Word payload
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3.3.6 Offset 06h: INPAY - Input Payload Capability
Length: 2 bytes

Table 7.

Input Payload Capability

Bit

15:0

Type @ Reset

RO 1Dh

Description

Input Payload Capability (INPAY): Indicates the total input payload available
on the link. This does not include bandwidth used for command and control.

This measurement is in 16-bit Word quantities per 48-kHz frame. The default link
clock speed of 24.000 MHz provides 500 bits per frame, or 31.25 Words. 36 bits
(2.25 Words) are used for command and control, leaving 29 Words for payload.
This measurement is on a per-codec basis.

00h: 0 Words
01h: 1 Word payload

FFh: 255h Word payload

3.3.7 Offset 08h: GCTL - Global Control
Length: 4 bytes

30

Table 8.  Global Control Register

Bit Type Reset | Description

31:9 RsvdP 0O’s Reserved
Accept Unsolicited Response Enable (UNSOL): If UNSOL is a 1, Unsolicited

8 RW 0 Responses from the codecs are accepted by the controller and placed into the
Response Input Ring Buffer. If UNSOL is a 0, unsolicited responses are not
accepted and dropped on the floor.

7:2 RsvdP O’s Reserved
Flush Control (FCNTRL): Writing a 1 to this bit initiates a flush. The flush is
complete when Flush Status is set. Before a flush cycle is initiated, the DMA
Position Buffer must be programmed with a valid memory address by software,
but the DMA Position Buffer bit 0 need not be set to enable the position reporting

1 RW 0 mechanism. Also, all streams must be stopped (the associated RUN bit must be

0).
When the flush is initiated, the controller will flush pipelines to memory to ensure

that the hardware is ready to transition to a D3 state. Setting this bit is not a
critical step in the power state transition if the content of the FIFOs is not critical.
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Bit Type

0 RWS

Reset

Hwinit

Description

Controller Reset (CRST): Writing a 0 to this bit causes the High Definition Audio
controller to transition to the Reset state. With the exception of certain registers
such as those required for Wake support, all state machines, FIFO's, and memory
mapped configuration registers (not PCI Configuration Registers) in the controller
will be reset. The link RESET# signal will be asserted and all other link signals will
be driven to their "reset" values. After the hardware has completed sequencing
into the reset state, it will report a 0 in this bit. Software must read a 0 from this bit
to verify that the controller is in reset.

Writing a 1 to this bit causes the controller to exit its Reset state and de-assert the
link RESET# signal. Software is responsible for setting/clearing this bit such that
the minimum link RESET# signal assertion pulse width specification is met (see
Section 5.5).

When the controller hardware is ready to begin operation, it will report a 1 in this
bit. Software must read a 1 from this bit before accessing any controller registers.
The CRST# bit defaults to a 0 after hardware reset, therefore software needs to
write a 1 to this bit to begin operation.

Note that the CORB/RIRB RUN bits and all Stream RUN bits must be verified
cleared to 0 before CRST# is written to 0 (asserted) in order to assure a clean re-
start.

When CRST is 0 indicating that the controller is in reset, most registers will return
their default values on reads, and writes will have no effect. The exceptions are
the WAKEEN and STATESTS registers, which are only cleared on power-on
reset, and the CRST bit itself, which will cause the controller to leave the reset
state when a 1 is written to it.

3.3.8 Offset 0Ch: WAKEEN - Wake Enable

Length: 2 bytes

Table 9. Wake Enable

Bit Type
15 RsvdP
RW,
14:0
RSM

Reset
0

Description
Reserved

SDIN Wake Enable Flags (SDIWEN): Bits that control which SDIN signal(s) may
generate a wake event or processor interrupt in response to a codec State
Change request. A 1 bit in the bit mask indicates that the associated SDIN
signal is enabled to generate a wake or processor interrupt. The SDATA_IN[O]
signal corresponds to bit O, etc.

These bits are only cleared by a power-on reset. Software must make no
assumptions about how these bits are set and set them appropriately.

The WAKEEN bits are used to indicate which bits in the STATESTS register may cause either a
wake event or an interrupt. Depending on the system implementation and the current system power
state and policy, the controller should generate either a processor interrupt or a system wake signal,
as appropriate, to signal the status change.
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3.3.9 Offset OEh: STATESTS - State Change Status
Length: 2 bytes

Table 10. Wake Status

Bit Type Reset Description
15 Rsvdz O’s Reserved

SDIN State Change Status Flags (SDIWAKE): Flag bits that indicate which
] RWI1CS, | | SDIN signal(s) received a “State Change” event. The bits are cleared by writing
14:0 RSM O's 1’s to them. The SDATA_IN[0] line corresponds to bit 0, etc.

These bits are only cleared by a power-on reset.

The SDIWAKE bits are used to indicate that a “Status Change” event has occurred on the link,
which usually indicates that either the codec has just come out of reset and is requesting an address,
or that a codec is signaling a wake event. The controller hardware will perform the resulting
address cycle on the bus, and set this bit to inform the software that the event has occurred. The
setting of this bit may cause a processor interrupt to occur if the appropriate WAKEEN bits
(Section 3.3.8) are set.

3.3.10 Offset 10h: GSTS - Global Status
Length: 2 bytes

Table 11. Global Status
Bit Type Reset Description

15:2 Rsvdz O’s Reserved
Flush Status (FSTS): This bit is set to a 1 by the hardware to indicate that the
1 RWi1C O flush cycle initiated when the FCNTRL bit was set has completed. Software
must write a 1 to clear this bit before the next time FCNTRL is set to clear the bit.
0 RsvdZz 0O Reserved

3.3.11 Offset 18h: OUTSTRMPAY - Output Stream Payload Capability
Length: 2 bytes

Table 12. Output Payload Capability

Bit Type @ Reset Description

Output Stream Payload Capability (OUTSTRMPAY): Indicates the maximum

number of Words per frame for any single output stream. This measurement is

in 16-bit Word quantities per 48-kHz frame. The value must not be larger than

the OUTPAY register value. Software must ensure that a format which would

cause more Words per frame than indicated is not programmed into the Output
15:0 RO Imp.Dep = Stream Descriptor Register.

00h: No Limit (Stream size is limited only by OUTPAY)

01h: 1 Word payload

FFh: 255h Word payload
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3.3.12 Offset 1Ah: INSTRMPAY - Input Stream Payload Capability
Length: 2 bytes

Table 13. Input Payload Capability

Bit Type @ Reset Description

Input Stream Payload Capability (INSTRMPAY) Indicates the maximum

number of Words per frame for any single input stream. This measurement is in

16-bit Word quantities per 48-kHz frame. The value must not be larger than the

INPAY register value. Software must ensure that a format which would cause

more Words per frame than indicated is not programmed into the Input Stream
15:0 RO Imp.Dep = Descriptor Register.

00h: No Limit (Stream size is limited only by INPAY)
01h: 1 Word payload

FFh: 255h Word payload

3.3.13 Interrupt Status and Control

The Interrupt Status and Control register provides a central point for controlling and monitoring
interrupt generation. The SIE (Stream Interrupt Enable) register controls the interrupt mask for
each individual Input, Output, or Bidirectional Stream. Setting a 1 in the appropriate bit allows the
particular interrupt source to generate a processor interrupt.

The SIS (Stream Interrupt Status) register indicates the current interrupt status of each interrupt
source. A 1 indicates that an interrupt is being requested. Note that the state of these bits is
independent of the SIE bits; even if the corresponding bit is set to a 0 in the Stream Interrupt Enable
register to disable processor interrupt generation, the Status bit may still be set to indicate that
stream is requesting service. This can be used by polling software to determine which Streams
need attention without incurring system interrupts.

The CIE (Controller Interrupt Enable) and CIS (Controller Interrupt Status) control and indicate the
status of the general controller interrupt. General controller interrupt sources are Response Input
Ring Buffer activity and Wake (Status Change) interrupts from codecs.

The GIE (Global Interrupt Enable) and GIS (Global Interrupt Status) control and indicate the status
of all hardware interrupt sources in the High Definition Audio controller. If the GIS bit is 1, the
controller needs CPU servicing. If GIE is a 1, a processor interrupt will be requested when GIS is
1; if GIE is a 0, then no processor interrupt will be requested, although GIS will still be set
indicating that servicing is desired.
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3.3.14 Offset 20h: INTCTL - Interrupt Control

34

Length: 4 bytes

Table 14.

Interrupt Control Register

Bit

31

30

29:0

Type

RW

RW

RW

Reset

Oh

Description

Global Interrupt Enable (GIE): Global bit to enable device interrupt generation.
When set to 1, the High Definition Audio device is enabled to generate an
interrupt. This control is in addition to any bits in the bus specific address space,
such as the Interrupt Enable bit in the PCI Configuration Space.

Controller Interrupt Enable (CIE): Enables the general interrupt for controller
functions. When set to 1 the controller generates an interrupt when the
corresponding status bit get sets due to a Response Interrupt, a Response Buffer
Overrun, and wake events.

Stream Interrupt Enable (SIE): When set to 1, the individual Streams are
enabled to generate an interrupt when the corresponding stream status bits get
set.

A stream interrupt will be caused as a result of a buffer with IOC =1 in the BDL
entry being completed or as a result of a FIFO error (underrun or overrun)
occurring. Control over the generation of each of these sources is in the
associated Stream Descriptor.

The streams are numbered and the SIE bits assigned sequentially, based on their
order in the register set.

For instance, if there are two input streams, three output streams, and one
bidirectional stream (ISS = 2, OSS = 3, BSS = 1), the bit assignments would be as
follows:

Bit O: Input Stream 1

Bit 1: Input Stream 2

Bit 2: Output Stream 1

Bit 3: Output Stream 2

Bit 4: Output Stream 3

Bit 5: Bidirectional Stream 1

Bits 6-28: Reserved

All bits not assigned to a supported DMA engine are RsvdZ.
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3.3.15 Offset 24h: INTSTS - Interrupt Status
Length: 4 bytes

Table 15. Interrupt Status Register

Bit Type | Reset Description
Global Interrupt Status (GIS): This bit is an “OR” of all of the interrupt status bits

31 RO 0 in this register.
Controller Interrupt Status (CIS): Status of general controller interrupt. This bit
may be set regardless of the corresponding enable bit, but a hardware interrupt
will not be generated unless the corresponding enable bit is set.

30 RO 0 A 1 indicates that an interrupt condition occurred due to a Response Interrupt, a

Response Overrun, or a Codec State Change request. The exact cause can be
determined by interrogating the RIRB Status register and the State Change Status
register. Note that this bit is set regardless of the state of the corresponding
interrupt enable bit.

Stream Interrupt Status (SIS): A 1 indicates that an interrupt condition occurred
on the corresponding Stream. Note that these status bits are set regardless of the
29:0 RO oh state of the corresponding interrupt enable bits.

The streams are numbered and the SIS bits assigned sequentially based on their
order in the register set in the same way the SIE bits are set. (Section 3.3.14).

3.3.16 Offset 30h: Wall Clock Counter

The 32-bit monotonic counter provides a “wall clock” that can be used by system software to
synchronize independent audio controllers. The counter must be implemented.

Length: 4 bytes

Table 16. Wall Clock Counter

Bit Type Reset Description

Wall Clock Counter (Counter): 32 bit counter that is incremented at the link
bitclock rate and rolls over from FFFF_FFFFh to 0000_0000h. This counter will
roll over to O with a period of approximately 179 seconds with the nominal

0000 .

31:0 RO — | 24-MHz bitclock rate.

0000h This counter is enabled while the BCLK bit is set to 1. Software uses this
counter to synchronize between multiple controllers. The counter will be reset on
controller reset.
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3.3.17 Offset 38h: SSYNC — Stream Synchronization

The Stream Synchronization bits provide a mechanism for synchronously starting or stopping two
or more streams so that the streams have a common time reference.

Length: 4 bytes

Table 17. Stream Synchronization

Bit Type Reset Description
31:30 RsvdP O’s Reserved

Stream Synchronization Bits (SSYNC): The Stream Synchronization bits,
when set, block data from being sent on or received from the link. Each bit
controls the associated Stream Descriptor; bit O corresponds to the first Stream
Descriptor, etc.

To synchronously start a set of DMA engines, the bits in the SSYNC register are

29:0 RW 0’s settoal. The RUN bits for the associated Stream Descriptors can be setto a 1
to start the DMA engines. When all streams are ready, the associated SSYNC
bits can all be set to 0 at the same time, and transmission or reception of bits to
or from the link will begin together at the start of the next full link frame.

To synchronously stop streams, the bits are set in the SSYNC register, and the
RUN bits in the Stream Descriptors are cleared by software.

3.3.18 Offset 40h: CORB Lower Base Address
Length: 4 bytes

Table 18. CORB Lower Base Address

Bit Type Reset Description

CORB Lower Base Address (CORBLBASE): Lower address of the Command
Output Ring Buffer, allowing the CORB Base Address to be assigned on any 1 KB
boundary. This register field must not be written when the DMA engine is running
or the DMA transfer may be corrupted.

CORB Lower Base Unimplemented Bits: Hardwired to 0. This requires the
6:0 RO 0’s CORSB to be allocated with 128-byte granularity to allow for cache line fetch
optimizations.

31:7 RW 0’s

3.3.19 Offset 44h: CORBUBASE — CORB Upper Base Address
Length: 4 bytes

Table 19. CORB Upper Base Address

Bit Type Reset Description

CORB Upper Base Address (CORBUBASE): Upper 32 bits of address of the
0000 Command Output Ring Buffer. This register field must not be written when the
31:0 RW — | DMA engine is running or the DMA transfer may be corrupted. This register is
0000h reserved, read only 0 if the 640K bit indicates that the controller does not support
64-bit addressing.
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3.3.20 Offset 48h: CORBWP — CORB Write Pointer

Length: 2 bytes

Table 20. CORB Write Pointer

Bit Type Reset
15:8 RsvdP | 0O’s

7:0 RwW 0’s

Description

Reserved

CORB Write Pointer (CORBWP): Software writes the last valid CORB entry
offset into this field in Dword granularity. The DMA engine fetches commands
from the CORB until the Read Pointer matches the Write Pointer. This supports
up to 256 CORB entries (256 x 4 B = 1 KB). This field may be written while the
DMA engine is running.

3.3.21 Offset 4Ah: CORBRP — CORB Read Pointer

Length: 2 bytes

Table 21. CORB Read Pointer

Bit Type  Reset

15 RW 0

14:8 RsvdP 0O’s

7:0 RO 0’s

Description

CORB Read Pointer Reset (CORBRPRST): Software writes a 1 to this bit to
reset the CORB Read Pointer to 0 and clear any residual pre-fetched commands
in the CORB hardware buffer within the controller. The hardware will physically
update this bit to 1 when the CORB pointer reset is complete. Software must
read a 1 to verify that the reset completed correctly. Software must clear this bit
back to 0, by writing a 0, and then read back the 0 to verify that the clear
completed correctly. The CORB DMA engine must be stopped prior to resetting
the Read Pointer or else DMA transfer may be corrupted.

Reserved

CORB Read Pointer (CORBRP): Software reads this field to determine how
many commands it can write to the CORB without over-running. The value read
indicates the CORB Read Pointer offset in Dword granularity. The offset entry
read from this field has been successfully fetched by the DMA controller and may
be over-written by software. Supports up to 256 CORB entries

(256 x 4 B =1 KB) in the cyclic CORB buffer. This field may be read while the
DMA engine is running.

3.3.22 Offset 4Ch: CORBCTL — CORB Control

Length: 1 byte

Table 22. CORB Control

Bit Type Reset
7:2 RsvdP 0O’s

Description

Reserved

Enable CORB DMA Engine (CORBRUN):

0 = DMA Stop

1 = DMA Run (when Read Pointer lags Write Pointer)
Must read the value back

CORB Memory Error Interrupt Enable (CMEIE): If this bit is set, the controller
will generate and interrupt if the MEI status bit is set.
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3.3.23 Offset 4Dh: CORBSTS — CORB Status
Length: 1 byte

Table 23. CORB Status

Bit Type Reset | Description
71 RsvdZz O’s Reserved

CORB Memory Error Indication (CMEI): If this status bit is set, the controller
has detected an error in the pathway between the controller and memory. This
may be an ECC bit error or any other type of detectable data error which renders
the command data fetched invalid. Writing a 1 to this bit will clear the bit, but a
CRST must be performed before operation continues as this indicates a severe
machine error has occurred and the current state is not trustable.

0 RW1C 0

3.3.24 Offset 4Eh: CORBSIZE — CORB Size
Length: 1 byte

Table 24. CORB Size

Bit Type Reset | Description

CORB Size Capability (CORBSZCAP): A bit mask indicating the sizes of the
CORSB supported by the controller.

Bits [7:4] CORB Size
0001 8 B = 2 entries
0010 64 B = 16 entries

74 RO Imp.Dep -
0100 1024 B = 256 Entries
1000 Reserved

This is implemented as a bit mask; for example, if the controller supported two
entries and 256 entries, this register would have a value of 0101b.

There is no requirement to support more than one CORB Size.
3:2 RsvdP 0 Reserved

CORB Size (CORBSIZE): The setting of the register determines when the
address counter in the DMA controller will wrap around.

Bits [1:0] CORB Size
RW or 00 8 B = 2 entries
RO if onl = i
1:0 . y Imp.Dep 01 64 B = 16 entries
one size 10 1 KB = 256 entries
supported 11 Reserved

Setting this field to an unsupported size will produce unspecified results.
When only one CORB Size is supported it is permissible to make this field
Read Only (RO).
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3.3.25 Offset 50h: RIRBLBASE — RIRB Lower Base Address
Length: 4 bytes

Table 25. RIRB Lower Base Address

Bit Type Reset Description

RIRB Lower Base Address (RIRBLBASE): Lower address of the Response
Input Ring Buffer, allowing the RIRB Base Address to be assigned on any 2-KB
boundary. This register field must not be written when the DMA engine is
running or the DMA transfer may be corrupted.

31:7 RW 0’s

RIRB Lower Base Unimplemented Bits: Hardwired to O to force 128-byte

6:0 RO O's buffer alignment for cache line fetch optimizations.

3.3.26 Offset 54h: RIRBUBASE - RIRB Upper Base Address
Length: 4 bytes

Table 26. RIRB Upper Base Address

Bit Type Reset Description

RIRB Upper Base Address (RIRBUBASE): Upper 32 bits of address of the
0000 Response Input Ring Buffer. This register field must not be written when the
31:0 RW — | DMA engine is running or the DMA transfer may be corrupted. This register is
0000h reserved, read only 0 if the 640K bit indicates that the controller does not support
64-bit addressing.

3.3.27 Offset 58h: RIRBWP — RIRB Write Pointer
Length: 2 bytes

Table 27. RIRB Write Pointer

Bit Type Reset Description

RIRB Write Pointer Reset (RIRBWPRST): Software writes a 1 to this bit to
reset the RIRB Write Pointer and to 0’s. The DMA engine must be stopped prior
to resetting the Write Pointer or else DMA transfer may be corrupted. This bit will
always be read as 0.

14:8 RsvdP O’s Reserved

RIRB Write Pointer (RIRBWP): Indicates the last valid RIRB entry written by
the DMA controller. Software reads this field to determine how many responses
it can read from the RIRB. The value read indicates the RIRB Write Pointer
offset in two Dword units (since each RIRB entry is two Dwords long). Supports
up to 256 RIRB entries (256 x 8 B = 2 KB) in the cyclic RIRB buffer. This field
may be read while the DMA engine is running.

15 W 0

7:0 RO 0’s
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3.3.28 Offset 5Ah: RINTCNT — Response Interrupt Count
Length: 2 bytes

Table 28. RIRB Response Interrupt Count

Bit Type Reset Description

15:8 RsvdP | 0’s Reserved
N Response Interrupt Count (RINTCNT):
0000_0001b =1 Response sent to RIRB

1111 1111b = 255 Responses sent to RIRB
0000_0000b = 256 Responses sent to RIRB

7:0 RW 00h The DMA engine should be stopped when changing this field or else an interrupt
may be lost.

Note that each Response occupies two Dwords in the RIRB.

This is compared to the total number of responses that have been returned, as
opposed to the number of frames in which there were responses. If more than
one codec responds in one frame, then the count is increased by the number of
responses received in the frame.

3.3.29 Offset 5Ch: RIRBCTL — RIRB Control
Length: 1 byte

Table 29. RIRB Control

Bit Type | Reset Description
73 RsvdP | 0’s Reserved

Response Overrun Interrupt Control (RIRBOIC): If this bit is set, the hardware
will generate an interrupt when the Response Overrun Interrupt Status bit is set.

RIRB DMA Enable (RIRBDMAEN):
1 RW 0 0 = DMA Stop
1 = DMA Run (when Response queue not empty)
Response Interrupt Control (RINTCTL):
0 = Disable Interrupt

2 RW 0

0 RW 0 1 = Generate an interrupt after N number of Responses are sent to the RIRB
buffer or when an empty Response slot is encountered on all SDATA_IN_x inputs
after a frame which returned a response (whichever occurs first). The N counter
is reset when the interrupt is generated.
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3.3.30 Offset 5Dh: RIRBSTS — RIRB Status
Length: 1 bytes

Table 30.

RIRB Status

Bit
7:3

Type Reset
RsvdZz O’s

RW1C O

RsvdZz O’s

RW1C 0

Description
Reserved

Response Overrun Interrupt Status (RIRBOIS): Hardware sets this bitto a 1
when an overrun occurs in the RIRB. An interrupt may be generated if the
Response Overrun Interrupt Control bit is set.

This bit will be set if the RIRB DMA engine is not able to write the incoming
responses to memory before additional incoming responses overrun the internal
FIFO.

When hardware detects an overrun, it will drop the responses which overrun the
buffer and set the RIRBOIS status bit to indicate the error condition. Optionally, if
the RIRBOIC is set, the hardware will also generate an error to alert software to
the problem.

Software clears this bit by writing a 1 to it.
Reserved

Response Interrupt (RINTFL): Hardware sets this bit to a 1 when an interrupt
has been generated after N number of Responses are sent to the RIRB buffer or
when an empty Response slot is encountered on all SDATA_IN[x] inputs
(whichever occurs first). Software clears this flag by writing a 1 to this bit.

3.3.31 Offset 5SEh: RIRBSIZE - RIRB Size
Length: 1 byte

Table 31. RIRB Size
Bit Type Reset | Description
RIRB Size Capability (RIRBSZCAP):
A bit mask identifying the possible sizes of the RIRB.
Bits [7:4] RIRB Size
0001 16 B = 2 entries
7:4 RO Imp.Dep 0010 128 B = 16 entries
0100 2048 B = 256 Entries
1000 Reserved
This implemented as a bit mask; for example, if the controller supported two
entries and 256 entries, this register would be Read Only 0101b.
There is no requirement to support more than one RIRB Size.
3:2 RsvdP 0 Reserved
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Bit

1.0

Type Reset Description
RIRB Size (RIRBSIZE): The setting of the register determines when the
address counter in the DMA controller will wrap around.
Bits [1:0] RIRB Size
RW or 00 16 B = 2 entries
RO .Only Imp.Dep 23 ;ZSBB:;:@ i:ttrrliiss
one size
supported 11 Reserved

This value must not be changed when the RIRB DMA engine is enabled.

Setting this field to an unsupported size will produce unspecified results.
When only one RIRB Size is supported it is permissible to make this field
Read Only (RO).

3.3.32 Offset 70h: DPLBASE — DMA Position Lower Base Address
Length: 4 bytes

42

Table 32. DMA Position Lower Base Address

Bit Type Reset | Description
DMA Position Lower Base Address (DPLBASE): Contains the upper 25 bits
of the lower 32 bits of the DMA Position Buffer Base Address. The lower 7 bits of
the DMA Position Buffer Base Address are always zero and not programmable to

31:7 RW o allow for 128 byte alignment and cache line write optimizations.

: s

This register field must not be written when any DMA engine is running or the
DMA transfer may be corrupted. This same address is used by the Flush
Control, and must be programmed with a valid value before the FLCNRTL bit is
set.

6:1 RsvdZ 0’s Reserved
DMA Position Buffer Enable: When this bit is set to a 1, the controller will write
the DMA positions of each of the DMA engines to the buffer in main memory
periodically. Software can use this value to know what data in memory is valid
data.

0 RW 0 The controller must ensure that the values in the DMA Position Buffer that the

software can read represent positions in the stream for which valid data exists in
the Stream’s DMA buffer. This has particular relevance in systems which support
isochronous transfer; the stream positions in the software-visible memory buffer
must represent stream data which has reached the Global Observation point.
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3.3.33 Offset 74h: DPUBASE — DMA Position Upper Base Address

Length: 4 bytes

Table 33. DMA Position Upper Base Address
Bit Type Reset Description
DMA Position Upper Base Address (RIRBUBASE): Upper 32 bits of address
0000 of the DMA Position Buffer Base Address. This register field must not be written
31:0 OOOOH when the DMA engine is running or the DMA transfer may be corrupted. This

register is reserved, read only 0 if the 640K bit indicates that the controller does
not support 64-bit addressing.

3.3.34 Stream Descriptors

The Stream description registers control the DMA engines which transfer the payload data to and
from the High Definition Audio link. The Input, Output, and Bidirectional descriptors share the
same definition, with minor changes in the definitions of some bits to accommodate the slightly
different behavior of the engines.

3.3.35 Offset 80: {IOB}SDnCTL — Input/Output/Bidirectional Stream
Descriptor n Control

Length: 3 bytes

Table 34. Stream Descriptor n Control

Bit

23:20

Type

RW

Reset

Oh

Description

Stream Number (STRM): This value reflects the Tag associated with the data
being transferred on the link.

When data controlled by this descriptor is sent out over the link, it will have this
stream number encoded on the SYNC signal.

When an input stream is detected on any of the SDATA_INXx signals that match
this value, the data samples are loaded into the FIFO associated with this
descriptor. Note that while a single SDAT_INX input may contain data from
more than one stream number, two different SDATA_INXx inputs may not be
configured with the same stream number.

Although the controller hardware is capable of transmitting any stream number,
by convention stream 0 is reserved as unused by software, so that converters
whose stream numbers have been reset to 0 do not unintentionally decode data
not intended for them.

0000 = Reserved (Indicates Unused)

0001 = Stream 1

1110 = Stream 14
1111 = Stream 15
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Bit

19

17:16

15:5

Type

RW

RW or
RO

RW

RsvdP

RW

RW

RW

RW

Reset

0’s

Imp.Dep

00

0’s

0’s

Description

Bidirectional Direction Control (DIR): (Bidirectional engines only. Read-only
0 for engines which are not bidirectional.) For a bidirectional engine, this bit
determines the direction in which the bidirectional engine should operate. This
bit can only be changed after stream reset (SRST) has been asserted and
cleared and before any other stream registers have been programmed.

Because setting this bit changes the fundamental behavior of the stream and the
meaning of some bits, changing this bit after any other register in the stream
descriptor has been written to may lead to undetermined results.

0 = Bidirectional engine is configured as an Input Engine.
1 = Bidirectional engine is configured as an Output Engine.

Traffic Priority (TP): If setto a 1, the stream will be treated as preferred traffic
if the underlying bus supports it. If set to a 0, the traffic will be handled on a
“best effort” basis. The actual meaning of this bit is specific to the hardware
implementation. Depending on the hardware implementation, there may be
additional restrictions on the traffic, and software should assume that the buffers
associated with this stream will not be snooped or cached.

On PCI Express*, for example, setting the TP bit to a 1 might cause the
controller to generate non-snooped isochronous traffic, while a PCI
implementation may ignore this bit.

It is permitted to implement this bit as RO if there is no controllability available.

Stripe Control (STRIPE): (Output and Bidirectional engines configured for
output only. Read Only 0 for input streams.) If the NSDO field of the Global
Capabilities register indicates that the controller supports multiple SDO lines and
the codec has been determined to have compatible capabilities, STRIPE can be
used to indicate how many of the SDO lines the stream should be striped
across.

00: 1 SDO
01: 2 SDOs
10: 4 SDOs
11: Reserved
Reserved

Descriptor Error Interrupt Enable (DEIE): Controls whether an interrupt is
generated when the Descriptor Error Status (DESE) bit is set.

FIFO Error Interrupt Enable (FEIE): This bit controls whether the occurrence
of a FIFO error (overrun for input or under run for output) will cause an interrupt
or not. If this bit is not set, bit 4 in the Status register will be set, but the interrupt
will not occur. Either way, the samples will be dropped.

Interrupt On Completion Enable (IOCE): This bit controls whether or not an
interrupt occurs when a buffer completes with the I0C bit set in its descriptor. If
this bit is not set, bit 3 in the Status register will be set, but the interrupt will not
occur.

Stream Run (RUN): When set to 1, the DMA engine associated with this input
stream will be enabled to transfer data in the FIFO to main memory. When
cleared to 0, the DMA engine associated with this input stream will be disabled.
If the corresponding SSYNC bit is 0, input stream data will be taken from the link
and moved to the FIFO and an over-run may occur.
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Bit

Type

RW

Reset | Description

Stream Reset (SRST): Writing a 1 causes the corresponding stream to be
reset. The Stream Descriptor registers (except the SRST bit itself), FIFO's, and
cadence generator for the corresponding stream are reset. After the stream
hardware has completed sequencing into the reset state, it will report a 1 in this

0 bit. Software must read a 1 from this bit to verify that the stream is in reset.
Writing a O causes the corresponding stream to exit reset. When the stream
hardware is ready to begin operation, it will report a 0 in this bit. Software must
read a O from this bit before accessing any of the stream registers. The RUN bit
must be cleared before SRST is asserted.

3.3.36 Offset 83h: {IOB}SDOSTS - Input/Output/Bidirectional Stream
Descriptor n Status

Length: 1 byte

Table 35.

Stream Descriptor n Status

Bit
7:6

Type
Rsvdz

RO

RW1C

RW1C

RW1C

Reset
0

Description
Reserved.

FIFO Ready (FIFORDY): For an Output stream, the controller hardware
will set this bit to a 1 while the output DMA FIFO contains enough data to
maintain the stream on the link. This bit defaults to 0 on reset because the
FIFO is cleared on a reset. The amount of data required to maintain the
stream will depend on the controller implementation but, in general, for an
output stream, it means that the FIFO is full.

For an input stream, this bit indicates that a descriptor has been fetched,
and the engine is ready for the RUN bit to be set.

Descriptor Error (DESE): During the fetch of a descriptor, an error has
occurred. This could be a result of a Master Abort, a Parity or ECC error on
the bus, or any other error that renders the current Buffer Descriptor or
Buffer Descriptor List useless. This error is treated as a fatal stream error
as the stream cannot continue running. The RUN bit will be cleared and
the stream will stop. Software may attempt to restart the stream engine
after addressing the cause of the error and writing a 1 to this bit to clear it.

FIFO Error (FIFOE): Set when a FIFO error occurs. Bitis cleared by
writing a 1 to this bit position. This bit is set even if an interrupt is not
enabled.

For an input stream, this indicates a FIFO overrun occurring while the RUN
bit is set. When this happens, the FIFO pointers do not increment and the
incoming data is not written into the FIFO, thereby being lost.

For an output stream, this indicates a FIFO under run when there are still
buffers to send. The hardware should not transmit anything on the link for
the associated stream if there is not valid data to send.

Buffer Completion Interrupt Status (BCIS): For an outbound engine, this
bit is set to 1 by the hardware after the last byte of data for the current
descriptor has been fetched from memory and put into the DMA FIFO, and
the current descriptor has the IOC bit set.

For an inbound engine, this bit is set to 1 by the hardware after the last byte
of data for the current descriptor with an 10C bit set has been removed
from the DMA FIFO and the current descriptor has the 10C bit set.

BCIS remains active until software clears it by writing a 1 to this bit position.
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Bit Type Reset | Description
1:0 RsvdzZ 0 Reserved.

3.3.37 Offset 84: {IOB}SDnLPIB — Input/Output/Bidirectional Stream
Descriptor n Link Position in Buffer

Length: 4 bytes

Table 36. Stream Descriptor n Link Position in Buffer

Bit Type Reset Description

Link Position in Buffer (LPIB): Indicates the number of bytes that have been
received off the link. Since this register reflects the number of bytes that have
been received into the current buffer, for the first buffer SDnLPIB will count from
0 to the value in the Cyclic Buffer Length (SDnCBL) register, inclusive. For
subsequent buffers, SNnLPIB will count from a value of 1 to the value in the
Cyclic Buffer Length register, inclusive.

31:0 RO 0’s

3.3.38 Offset 88: {IOB}SDNnCBL - Input/Output/Bidirectional Stream
Descriptor n Cyclic Buffer Length
Length: 4 bytes

Table 37. Stream Descriptor n Cyclic Buffer Length

Bit Type Reset | Description

Cyclic Buffer Length (CBL): Indicates the number of bytes in the complete
cyclic buffer. Link Position in Buffer (SDnLPIB) will be reset when it reaches this
value.

Software may only write to this register after Global Reset, Controller Reset, or

31:0 RW 0’s Stream Reset has occurred. Once the RUN bit has been set to enable the
engine, software must not write to this register until after the next reset is
asserted, or undefined events will occur.

CBL must represent an integer number of samples. This value should not be
modified except when the RUN bit is 0.
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3.3.39 Offset 8C: {IOB}SDnLVI - Input/Output/Bidirectional Stream
Descriptor n Last Valid Index

Length: 2 bytes

Table 38. Stream Descriptor n Last Valid Index

Bit Type Reset Description
15:8 RsvdP | 0’s Reserved

Last Valid Index (LVI): The value written to this register indicates the index for
the last valid Buffer Descriptor in the BDL. After the controller has processed this
descriptor, it will wrap back to the first descriptor in the list on continue

7:0 RW 00h processing.
LVI must be at least 1; i.e., there must be at least two valid entries in the buffer
descriptor list before DMA operations can begin.

This value should not be modified except when the RUN bit is 0.

3.3.40 Offset 90: {IOB}SDnFIFOS — Input/Output/Bidirectional Stream
Descriptor n FIFO Size
Length: 2 bytes

Table 39. Stream Descriptor n FIFO Size

Bit Type Reset |Description

FIFO Size (FIFOS): Indicates the maximum number of bytes that could be
fetched by the controller at one time. This is the maximum number of bytes that
may have been DMA’d into memory but not yet transmitted on the link, and is
also the maximum possible value that the LPIB count will increase by at one
time. This number may be static to indicate a static buffer size, or may change
after the data format has been programmed if the controller is able to vary its
FIFO size based on the stream format. If it is able to change value after the data
format has been programmed, the value update must happen immediately
before the next read of the FIFOS register, and remain static until the next
programming of data format.

15:0 RO Imp.Dep

3.3.41 Offset 92: {IOB}SDnFMT - Input/Output/Bidirectional Stream
Descriptor n Format
Length: 2 bytes

Table 40. Stream Descriptor n Format

Bit | Type | Reset Description

15 RO 0 Reserved

Sample Base Rate (BASE):
14 RW 0 0 =48 kHz

1=44.1kHz
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Bit Type | Reset Description
Sample Base Rate Multiple (MULT):
000 = 48 kHz/44.1 kHz or less
001 = x2 (96 kHz, 88.2 kHz, 32 kHz)
010 = x3 (144 kHz)
011 = x4 (192 kHz, 176.4 kHz)
100-111 = Reserved
Sample Base Rate Divisor (DIV):
000 = Divide by 1 (48 kHz, 44.1 kHz)
001 = Divide by 2 (24 kHz, 22.05 kHz)
010 = Divide by 3 (16 kHz, 32 kHz)
10:8 RW 000 011 = Divide by 4 (11.025 kHz)
100 = Divide by 5 (9.6 kHz)
101 = Divide by 6 (8 kHz)
110 = Divide by 7
111 = Divide by 8 (6 kHz)
7 RsvdP | 0’s Reserved
Bits per Sample (BITS):

000 = 8 bits. The data will be packed in memory in 8-bit containers on 16-bit
boundaries.

001 = 16 bits. The data will be packed in memory in 16-bit containers on 16-bit
boundaries.

010 = 20 bits. The data will be packed in memory in 32-bit containers on 32-bit
boundaries.

13:11 RW 000

6:4 RW 00

011 = 24 bits. The data will be packed in memory in 32-bit containers on 32-bit
boundaries.

100 = 32 bits. The data will be packed in memory in 32-bit containers on 32-bit
boundaries.

101-111 = Reserved

Number of Channels (CHAN): Number of channels for this stream in each “sample

block” of the “packets” in each “frame” on the link.
0000=1
3:0 RW 0000 0001 = 2

1111 =16
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3.3.42 Offset 98h: {IOB}SDnBDPL - Input/Output/Bidirectional Stream
Descriptor n BDL Pointer Lower Base Address

Length: 4 bytes

Table 41. Stream Descriptor n Lower Base Address

Bit Type Reset | Description

Buffer Descriptor List Lower Base Address (BDLLBASE): Lower address of
the Buffer Descriptor List. This register field must not be written when the DMA
engine is running or the DMA transfer may be corrupted. This value should not
be modified except when the RUN bit is 0.

Hardwired to O to force 128-byte alignment of the BDL. Attempting to write any
value other than zero to this field may result in unspecified behavior.

31:7 RW 0’s

6:0 RsvdZ 0O’s

3.3.43 Offset 9Ch: {IOB}SDnBDPU - Input/Output/Bidirectional
Stream Descriptor n BDL Pointer Upper Base Address

Length: 4 bytes

Table 42. Stream Descriptor n Upper Base Address

Bit Type | Reset | Description

Buffer Descriptor List Upper Base Address (BDLUBASE): Upper 32-bit
address of the Buffer Descriptor List. This register field must not be written when
the DMA engine is running or the DMA transfer may be corrupted. This value
should not be modified except when the RUN bit is 0. This register is reserved,
read only O if the 640K bit indicates that the controller does not support 64-bit
addressing.

31:0 RW 0’s

3.3.44 Offset 2030h: WALCLKA - Wall Clock Counter Alias
Length: 4 bytes

Table 43. Wall Clock Counter

Bit Type Reset Description
Wall Clock Counter Alias (Counter):

0000_ ' An alias of the Wall Clock Counter register at offset 30h. This is an alias of the
0000h | counter register and behaves exactly the same as if the Wall Clock Counter
register were being read directly.

31:0 RO

The Alias registers are used in some programming models to allow the position registers to be
mapped directly to user mode. Since the Wall Clock Alias and the following Link Position Alias
registers are at an offset 2000h above the corresponding register in the normal controller register
range, the positions on the logical page starting at 2000h can be mapped to use mode without
exposing all of the DMA, control, status, and interrupt registers to be visible in user mode.
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3.3.45 Offset 2084, 20A4, ...: {IOB}SDnLICBA -
Input/Output/Bidirectional Stream Descriptor n Link Position in
Buffer Alias

Length: 4 bytes

Table 44. Link Position in Buffer n Alias

Bit Type Reset Description

Link Position in Buffer n Alias (LPIBA): An alias of the Link Position In Buffer
register for each Stream Descriptor. This is an alias of the counter register and
behaves exactly the same as if the Link Position register were being read
directly.

31:0 RO 0’s . . . :
Note that all of the Link Position In Buffer registers for all of the supported input,

output, and bidirectional stream engines are also aliased at an offset 2000h
higher; e.g., Stream 0 Link Position In Buffer is aliased at 2084h, Stream 1 LPIB
is aliased at 20A4h, etc.

3.4 Immediate Command Input and Output Registers

The Immediate Command Output and Immediate Command Input registers are optional registers
which provide a Programmed I/O (PIO) interface for sending verbs and receiving responses from
codecs. These registers can be implemented in platforms not suited for DMA command operations.
If implemented, these registers must not be used at the same time as the CORB and RIRB
command/response mechanisms, as the operations will conflict.

3.4.1 Offset 60h: Immediate Command Output Interface
Length: 4 bytes

Table 45. Immediate Command Output Interface

Bit Type Reset Description

Immediate Command Write (ICW): The value written into this register is used
as the verb to be sent out over the link when the ICB (ICS bit 0) is set to one (1).
Software must ensure that the ICB bit in the Immediate Command Status register
is clear before writing a value into this register or undefined behavior will result.

31:0 RW 0’s

3.4.2 Offset 64h: Immediate Response Input Interface
Length: 4 bytes

50



Rev. 1.0a High Definition Audio Specification
Table 46. Immediate Command Input Interface

Bit Type | Reset |Description
Immediate Response Read (IRR): The value in this register latches the last
response to come in over the link.
If multiple codecs responded in the same frame, which one of the responses that

RIW or will be saved is indeterminate. The codec’s address for the response that was
31:0 RO 0’s latched is indicated in the ICRADD field of the Immediate Command Status

register if the ICRADD field is implemented.

Note that there is no defined usage for SW to write to this register, and therefore
it is recommended to be implemented as RO attribute. RW attribute is kept as an
option for compatible with earlier specification definition.
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3.4.3 Offset 68h:

52

Length: 2 bytes

Table 47.

Immediate Command Status

Immediate Command Status

Bit
15:8

7:4

Type

Rsvdz

RO

RO

RO

RW1C

RW

Reset

0’s

0’s

0’s

Description
Reserved

Immediate Response Result Address (IRRADD): The address of the codec
which sent the response currently latched into the Immediate Response Input
register. This field is optional.

Immediate Response Result Unsolicited (IRRUNSOL): Indicates whether the
response latched in the Immediate Response Input register is a solicited or
unsolicited response. This bit is optional.

Immediate Command Version: Indicates if the IRRADD field and IRRUNSOL bit
are implemented. If ICVER is 0 then the IRRADD and IRRUNSOL are reserved.
If ICVER is 1 then both IRRADD and IRRUNSOL are implemented.

Immediate Result Valid (IRV): This bit is set to a 1 by hardware when a new
response is latched into the IRR register. Software must clear this bit before
issuing a new command by writing a one to it so that the software may determine
when a new response has arrived.

Immediate Command Busy (ICB): This bit is a 0 when the controller can accept
an immediate command. Software must wait for this bit to be 0 before writing a
value in the ICW register and may write this bit to a 0 if the bit fails to return to 0
after a reasonable timeout period. Writing to O is not permissible if the CORB is
active.

This bit will be clear (indicating “ready”) when the following conditions are met:
(1) the link is running, (2) the CORB is not active (CORBRP = CORBWP or
CORBEN is not set), and (3) there is not an immediate command already in the
gueue waiting to be sent.

Writing this bit to 1 will cause the contents of the ICW register to be sent as a
verb in the next frame. Once a response is received the IRV bit will be set and
this bit will be cleared indicating ready to transmit another verb.

The steps for PIO operation are as follows:

1. Software sets up the PIO verb to be sent out in the Immediate Command Output Register
(Icw)

2. Then software writes a “1” to Immediate Command Status ICB (bit 0 of ICS)

3. HD Audio Controller sends out the PIO verb on the next frame and waits for response in

following frame

4. When response (in frame after PIO verb frame) is received the HD Audio controller sets the
IRV (bit 1 of ICS) and clears ICB (bit 0 of ICS)

5. Software polls for IRV (Bit 1 of ICS) being set, then the PIO verb response is read from the
IRR register and the IRV is cleared by writing a 1 to it

In the case where IRV bit is not set after a long delay, software should implement a timeout
condition where the software clears the ICB bit 0 and then polls until ICB bit 0 returns to zero.
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3.5 Interrupt Structure

The Controller interrupt generation has three layers. At the bottom layer, the individual events such
as buffer completion or error events cause the lowest level status indicators to be set. If the
associated interrupt enable bits for these status bits are set, the interrupt will propagate up the tree to
the stream or controller level, where SIE (Stream Interrupt Enable) or CIE (Controller Interrupt
Enable) bit will gate interrupt generation for entire blocks of the controller. The stream and
controller interrupts are collected at the Global level, where the Global Interrupt Enable bit gates
interrupt generation for the entire controller.

The PCI Interrupt Disable bit in the configuration space is a further gate to interrupt generation
which is generally controlled by the operating system rather than the High Definition Audio
controller software driver. The interrupt generated by the controller can be either a legacy (level)
PClI interrupt, or a Message Signaled Interrupt. Which type of interrupt is generated is dependent
on the system implementation, and the details of implementing a MSI interrupt are not within the
scope of this specification.
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Figure 4 is a representation of the interrupt tree to show the logical relationship of various signals.
It should not be taken as a literal implementation.
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Figure 4. Controller Interrupt Structure
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3.6 Data Structures

3.6.1 DMA Position in Current Buffer

The “DMA Position in Buffer” structure is written to a memory buffer each time a stream DMA
position changes. Software can read this structure to determine the current stream DMA position.
The structure is organized by Dwords (32 bits).

The structure must be allocated on a 128-byte boundary (the bottom 7 bits of the base address must
be 0).

Table 48. DMA Position in Current Buffer

Offset (Dwords) Description

Oh Stream Descriptor 0 Position
1h Reserved

2h Stream Descriptor 1 Position
3h Reserved

2nh Stream Descriptor n Position
2n +1h Reserved

3.6.2 Buffer Descriptor List

The Buffer Descriptor List (BDL) is a memory structure that describes the buffers in memory. The
BDL is comprised of a series of Buffer Descriptor List Entries. There must be at least two entries
in the list, with a maximum of 256 entries. Also, the start of the structure must be aligned on a 128
byte boundary. The BDL should not be modified unless the RUN bit is 0.

Table 49. Buffer Descriptor

Offset Length

(Bytes) (Bytes) Field Description

0x00 16 BDLEO Buffer Descriptor List Entry O
0x10 16 BDLE1 Buffer Descriptor List Entry 1
0xn0 16 BDLEnN Buffer Descriptor List Entry n

3.6.3 Buffer Descriptor List Entry

Each Buffer Descriptor List Entry (BDLE) contains a description of a buffer which is a piece of the
whole cyclic stream buffer. The BDLE contains a pointer to the physical memory containing the
buffer, the length of the buffer, and a flag which indicates whether or not an interrupt should be
generated when the buffer is complete.

The buffers described by the BDLE must start on a 128-byte boundary, and the length must be an
integer number of Words.
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Table 50. Buffer Descriptor

Rev. 1.0a

Offset Length

(Bytes:bits) (Bits) Field

0x00 64 ADDRESS
0x08 32 LENGTH
0x0C:0 1 [e]e:
0x0C:1 31 Reserved

Description

The 64 bit address of the buffer described. The Buffer
starting address must be 128-byte aligned.

The length of the buffer described in bytes. The buffer
length must be at least one Word.

Interrupt on Completion. If 1, the controller will generate
an interrupt when the last byte of the buffer has been
fetched by the DMA engine (if enabled by the stream’s
Interrupt On Completion Enable bit).

Reserved; must be 0.

3.6.4 Command Output Ring Buffer

The Command Output Ring Buffer (CORB) is a memory structure which contains the command
Verbs to be sent to the codecs. The length of this structure is determined by the CORBSIZE
register (see Section 3.3.24). This buffer must start on a 128-byte boundary.

Table 51. Command Output Ring Buffer

Offset Length

(Bytes) (Bytes) Field
0x00 4 VERBO
0x04 4 VERB1
Oxyy 4 VERBN

Description
Verb 0
Verb 1

Verb n

3.6.5 Response Input Ring Buffer

The Response Input Ring Buffer (RIRB) is a memory structure which contains the responses, both
solicited and unsolicited, from the codec. The length of this structure is determined by the
RIRBSIZE register (see Section 3.3.31). This buffer must start on a 128-byte boundary.
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Table 52. Response Input Ring Buffer

Offset Length

(Bytes) (Bytes) Field

0x00 4 RESPO
0x04 4 RESPO_ex
0x08 4 RESP1

Description
Response 0 is the response data received from the codec.

Response 0 Extended contains information added to the
response by the controller.

Bits 3:0 are the SDATA_INXx line on which the response
was received; this will correspond to the codec address.

Bit 4 is a bit indicating whether the response is a solicited
response (0) or an unsolicited response (1).

Response 1
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Offset Length

(Bytes) (Bytes) Field Description

0x0C 4 RESP1_ex Response 1 Extended
Oxyy 4 RESPNn Response n

Oxyy+4 4 RESPn _ex Response n Extended

3.7 Codec Verb and Response Structures

The codec verb structure is entirely opaque to the controller and link, and all fields, including the
address, are only interpreted by the codec.

The controller generated (outbound) Verb format is shown in Figure 5.

Bits 31:28 27 : 20 19:0
Codec Address Node ID Verb Payload

Figure 5. Verb Format

Solicited Responses from codecs are returned by the codec in response to a command Verb. All
32 bits of the Solicited Responses are opaque to the controller and link.

The Solicited Response format is shown in Figure 6.

31:0
Response

Figure 6. Solicited Response Format

Unsolicited responses are sent by the codec independently of any software request. The 6-bit “Tag”
field is opaque to the controller and used by software to distinguish what codec subunit generated
the Unsolicited Response. The 5-bit “Sub Tag” field is also opaque to the controller and used by
software to distinguish what widget subunit generated the Unsolicited Response (i.e. presence
detect, content protection, etc.). The 20 bits of vendor specific contents can be used to provide
extra contextual information to software regarding the event that generated the Unsolicited
Response.

The Unsolicited Response format is shown in Figure 7.

31:26 25:21 20:0
Tag Sub Tag Vendor Specific Contents

Figure 7. Unsolicited Response Format
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3.7.1 Stream Format Structure

Format is a standard structure used in the Stream Descriptors and sent to the codec. This structure
does not directly appear any place in memory.

Rev. 1.0a

If the TYPE is set to Non-PCM, the controller just pushes data over the link and is not concerned
with formatting. The base rate, data type, and number of Words (MULT) to send each valid frame

are specified to control the rate at which the non-PCM data is sent.

Table 53. PCM Format Structure

Bit
15

14

13:11

10:8

Description

Stream Type (TYPE): If TYPE is non-zero, the other bits in the format

structure have other meanings.

0: PCM

1: Non-PCM

Sample Base Rate (BASE):

0 =48 kHz

1=44.1kHz

Sample Base Rate Multiple (MULT):
000 = 48 kHz/44.1 kHz or less

001 = x2 (96 kHz, 88.2 kHz, 32 kHz)
010 = x3 (144 kHz)

011 = x4 (192 kHz, 176.4 kHz)
100-111 = Reserved

Sample Base Rate Divisor (DIV):
000 = Divide by 1 (48 kHz, 44.1 kHz)
001 = Divide by 2 (24 kHz, 22.05 kHz)
010 = Divide by 3 (16 kHz, 32 kHz)
011 = Divide by 4 (11.025 kHz)

100 = Divide by 5 (9.6 kHz)

101 = Divide by 6 (8 kHz)

110 = Divide by 7

111 = Divide by 8 (6 kHz)

Reserved

Bits per Sample (BITS): Number of bits in each sample:

000 = 8 bits.  The data will be packed in memory in 8-bit containers on

16-bit boundaries.

001 = 16 bhits. The data will be packed in memory in 16-bit containers on

16-bit boundaries.

010 = 20 bits. The data will be packed in memory in 32-bit containers on

32-bit boundaries.

011 = 24 bits. The data will be packed in memory in 32-bit containers on

32-bit boundaries.

100 = 32 bits. The data will be packed in memory in 32-bit containers on

32-bit boundaries.
101-111 = Reserved
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Bit
3.0

Description

Number of Channels (CHAN): Number of channels for this stream in each
“sample block” of the “packets” in each “frame” on the link.

0000=1
0001 =2

1111 =16
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4 Programming Model

4.1 Theory of Operation

While the register interface is the concise description of the software interface to the High
Definition Audio controller, the implementation and interpretation of these various bits is not
always clear from the definition of the bit(s). This Programming Model chapter is a supplement to
the register definitions and provides narrative and interpretation guidance for the behaviors of the
bits.

The software operation of the High Definition Audio interface is divided into three categories:
Codec Command and Control, Streaming Operation, and Link Initialization and Control. These
three categories are described in detail in the following sections.

4.2 Controller Initialization

When the High Definition Audio controller comes out of power-up reset after power-on, all
controller registers will be in their power-on default state, and the link will be inactive.

4.2.1 Configuring a PCI or PCI Express Interface

The first step in starting the controller is properly programming the PCI, PCI Express, or other
system bus interface. Because this operation is specific to the controller implementation, the
documentation for the specific controller should be followed. At the conclusion of this
programming, the controller should be ready to transfer data on the system bus. For example, when
using PCI, the Interrupt Line, Base Address, and other PCI Configuration space registers should be
properly programmed.

4.2.2 Starting the High Definition Audio Controller

When the controller is first brought up, the CRST bit (Offset 08h, bit 0) will be 0 meaning that the
controller is in reset. When the controller is in reset, the only bit which will accept writes is the
CRST bit to take the controller out of CRST; all other registers will read their default values and
writes will have no effect.

When a 1 is written to the CRST bit, the controller will go through the sequence of steps necessary
to take itself out of reset. The link will be started, and state machines will initialize themselves.
While the hardware is taking these steps, the CRST bit, if read, will still appear to be 0. When the
initialization has been completed, a read of the CRST bit will return a 1 indicating that the
controller is now ready to function. Therefore, after taking the controller out of reset, the software
should wait until CRST is read as 1 before continuing.

Several of the High Definition Audio controller registers maintain their values across resets and
power transitions. These include the WAKEEN bits, the STATESTS bits, and any other registers
with type “RSM” (Resume). These bits should be examined if necessary and then reset
(STATESTS) or programmed appropriately (WAKEEN) for proper operation.
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4.3 Codec Discovery

When the link is enabled by the assertion of CRST, the codecs will detect the de-assertion of the
RESET# signal and request a status change and enumeration by the controller. As the controller
hardware detects these requests, it will provide the codecs with their unique addresses and set the
controller STATESTS bits to indicate that a Status Change event was detected on the appropriate
SDATA_INx signals. Software can use these bits to determine the addresses of the codecs attached
to the link. A 1 in a given bit position indicates that a codec at that associated address is present.
For instance, a value of 05h means that there are codecs with addresses 0 and 2 attached to the link.

From RESET# de-assertion until codecs requesting the enumeration can be as late as 25 frames.
The software must wait at least 521 us (25 frames) after reading CRST as a 1 before assuming that
codecs have all made status change requests and have been registered by the controller. This gives
codecs sufficient time to perform self-initialization.

If software wishes to get an interrupt when new codecs are attached, such as during a mobile
docking event, the software can set the CIE bit in the INTCTL register to a 1 to enable Controller
interrupts which include the Status Change event. When the interrupt is received, the STATESTS
bits can be examined to determine if a codec not previously identified has requested a status
change.

4.4 Codec Command and Control

Once the attached codecs have been enumerated, commands can be sent to the codecs to determine
their capabilities.

Codec Command and Control describes the mechanisms by which control information is sent to
and received from the codecs. Command and Control data is low bandwidth, asynchronous data
that is transmitted one command at a time on the Link. Timing is not ensured in any way, either
inbound to the controller or outbound from the controller.

Codec Command and Control is handled by the controller via two key mechanisms, the Command
Outbound Ring Buffer (CORB) and the Response Input Ring Buffer (RIRB).

Software is responsible for configuring the controller’s CORB and RIRB via the CORB Control
and RIRB Control registers.

4.4.1 Command Outbound Ring Buffer - CORB
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The Controller utilizes the CORB mechanism to pass commands to the codecs. The CORB is a
circular buffer located in system memory that is used to pass commands (verbs) from software to
codecs connected to the High Definition Audio link. The controller uses DMA to fetch the
outbound commands from the CORB and places them in the Command/Control bits at the start of
each Link frame.

The size of the CORB is programmable to two entries (8 bytes), 16 entries (64 bytes), or 256 entries
(1 KB) by using the CORBSIZE Controller register. Software is responsible for choosing a CORB
size based on the CORBSZCAP field and the capabilities of the system. In general, the software
should choose the 256 entries option unless the system capabilities dictate a smaller memory
footprint.
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Two pointers are maintained in the hardware, Write Pointer (WP) and Read Pointer (RP). WP is
used by the software to indicate to the hardware the last valid command in the CORB, while the
hardware uses RP to indicate to the software the last command that has been fetched. WP and RP
both measure the offset into the buffer in terms of commands. Since commands are 4 bytes long,
the byte offset into the CORB buffer indicated by RP or WP is WP*4 or RP*4.

To add commands to the CORB, the software places commands into the CORB at the end of the list
of commands already in the list, which is at byte offset (WP + 1) * (4 bytes). When software has
finished writing a new group of commands, it updates the WP to be equal to the offset of the last
valid command in the buffer. When the CORB is first initialized, WP = 0, so the first command to
be sent will be placed at offset (0 + 1) * 4 = 4 bytes, and WP would be updated to be 1.

Example hardware sequence for pointer usage:
Loop:
If (RP != WP) && (‘run’ bit is set) && (‘link is running’)
RP++
Get DWORD from buffer offset RP*4bytes
Send DWORD (at beginning of next new frame)
goto Loop

When the CORB RUN bit is set, the DMA engine in the Controller will continually compare the RP
to the WP to determine if new commands are present for consumption. When the Read Pointer is
not equal to the Write Pointer, the DMA engine runs until the pointers match, and the fetched
commands are transmitted on the link. The DMA engine reads the commands from the CORB and
sends them to the Codecs over the link.

CORB Base Address
+CORB Size

CORB Entry

CORB Entry —

Read pointer
o increments and rolls
° over

Write Pointer
(written by SW) ::> CORB Entry

CORB Entry

CORB Entry

Read Pointer

(incremented in HW)

CORB Entry
CORB Base Address

Command Outbound
Ring Buffer

Figure 8. Command Ring Buffer (CORB)
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4.4.1.1 CORB Buffer Allocation

The CORB buffer in memory must be allocated to start on a 128-byte boundary and in memory
configured to match the access type being used. For instance, a PCI Express controller using non-
snooped accesses should allocate and access the CORB buffer in a way that maintains coherency
between the processor cache and the physical memory.

The location of the CORB is assigned by software and written to the Controller’s CORB Address
Upper Base and Lower Base register. The lowest 7 bits of the Lower Base Address are always 0 to
enforce the 128-byte alignment requirement.

4.4.1.2 CORB Entry Format

The verbs passed from the Controller to the Codecs are 32 bits long. Each entry in the CORB is
also 32 bits long and matches the verb format. The verb format is opaque to the controller
hardware and only has meaning to software and the codecs.

4.4.1.3 Initializing the CORB

Begin
Initialize CORB

CORB Stopped?
CORBWP- v
>CORBRUN=0

O;tp Reset CORB Write
CORB Pointer
Yes (CORBWP-
v >CORBWP =

. 0x00)
Determine CORB

size & allocate

CORB buffer in Y

memory
Enable CORB
Overflow Error

Enable if desired
Update

CORBUBASE,
CORBLBASE,

CORBSIZE
registers ‘ End

A

Reset CORB Read
Pointer (CORBRP-
>CORBRPST = 1),

Figure 9. CORB Initialization

To initialize the CORB, first the software must make sure that the CORB is stopped by making sure
that the CORBRUN bit in the CORBCTL register is 0. The correct register size is determined
using the CORBSIZE register, and the CORB memory is allocated from the appropriate heap and
memory type.
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The CORBBASE registers are programmed to the base of the allocated memory, and the
CORBRPRST bit is used to reset the Read Pointer to 0. Software must write Oh to the Write
Pointer to clear the Write Pointer. If desired, CORB error reporting may be enabled by setting the
CMEIE bit. Lastly, the CORBRUN bit is set to 1 to enable CORB operation.

4.4.1.4 Transmitting Commands via the CORB

Transmission of commands via the CORB begins with checking to make sure there is sufficient
space in the CORB. The difference between the CORBWP and CORBRP can be examined to
determine the space available in the CORB. If the block of commands is larger than can fit in the
CORB, it may be necessary to break the block of commands into multiple smaller blocks to send.
The commands are written into the CORB starting at the location indicated by the index CORB WP
+ 1, which is the first free space for a command. Note that in the case of the first block of
commands, this means that the first commands will be placed at a offset of 4 bytes into the CORB
buffer, as CORBWP will be 0, so CORBWP + 1 will indicate a 4-byte offset into the CORB.

CORBWEP is then updated by software to reflect the index of the last command that has been
written into the CORB. Hardware will then begin to transfer the commands over the link, updating
CORBRP with each command fetched from memory. All commands have been sent when
CORBREP is equal to CORBWP, at which point the controller will stop sending verbs until software
repeats the process and sets CORBWP to a different value.

'

Software updates
CORPWP to
indicate index of
last command in
buffer and sets

CORB RUN bit (if
not already SM

Initialize

Yes 4
‘i Hardware fetches

Wait for hardware commands and
to send commands updates CORBRP

in queue, or break until CORBRP =
CORBWP‘

command block

Software writes into smaller
Commands into
CORSB buffer

chunks
A4

Hardware is Idle
End

Figure 10. Transmitting Commands via the CORB

While the hardware is in the process of sending commands (CORBRP # CORPWP and CORB
RUN is set), software may add new commands into the CORB buffer after the index indicated by
CORBWP, and then update CORBWP. Hardware must continue to send the newly added
commands. Software must ensure that the newly added commands do not overflow the buffer; i.e.,
that no command added will overwrite commands that have not yet been sent, as indicated by the
current value of the CORBRP.
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4.4.1.5 Other CORB Programming Notes

If large numbers of commands are being sent to a codec, it is possible that the codec may be
blocked from returning Unsolicited Responses because it is required to always respond to solicited
verbs on the following frame. For this reason, it is recommended that the software occasionally
insert breaks in the verbs being sent if a large block is being transmitted at one time.

If it is desired to insert breaks in the CORB, insert 00000000h commands, which are NULL
commands. Since the codec will not have a solicited response to the NULL command, it provides
an opportunity for the codec to respond with an unsolicited response. Note that when the software
is matching responses with the commands, the NULL commands will not generate responses.

4.4.2 Response Inbound Ring Buffer - RIRB
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The responses from the codecs are sent to the controller via the RIRB mechanism. The RIRB is a
circular buffer located in system memory that is used to store responses from codecs connected to
the Link. Responses can either be solicited (in response to a command from the controller) or
unsolicited (sent by the codec to signal an event).

The size of the RIRB is programmable to two entries (16 bytes), 16 entries (128 bytes), or 256
entries (2 KB). The location of the RIRB is assigned by software and written to the Controller’s
RIRB Address register.

The RIRB buffer in memory must be allocated on a 128-byte boundary and in memory configured
to match the access type being used. For instance, a PCI-Express controller using non-snooped
accesses should allocate and access the CORB buffer in a way that maintains coherency between
the processor cache and the physical memory.

A Response can be sent to the controller from any one of the codecs, and the DMA engine in the
Controller writes the response to the RIRB. Solicited responses are returned by an individual codec
in the subsequent frame and in the same order that the prompting commands were sent to that
codec. Unsolicited responses may be injected by the codec in any frame where a solic