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1 Introduction

1.1 Advanced 64-Voice PCI Accelerator for Desktop & Notebook 

The 4DWAVE is an advanced 64-voice PCI audio accelerators providing full legacy compatibility, hardware wavetable synthesis, and streaming wave acceleration on a single chip for the high-performance, cost-sensitive consumer, commercial and notebook PCs. It is named 4DWAVE as it adds time as the 4th dimension to its interactive 3D positional audio wave streams. The time element includes such effects processing as adding Doppler, Chorus, and Reverb effects on top of the 3D positional audio and wavetable streams.

The 4DWAVE integrates a 64-voice wavetable engine with per voice effect processing capability.

The 4DWAVE utilizes a Digital Enhanced Game Port, when coupled with an advanced game port driver, can save up to 12% of the CPU overhead nominally required by a conventional analog game port. The 4DWAVE employs a high precision 26-bit digital mixer, providing an accurate 20-bit output and higher than 90dB signal-to-noise ratio when used with a high quality AC ’97 codec.

The 4DWAVE uses fully static design and is designed with aggressive power management in mind.  It is both ACPI-compliant and PCI Power Management (PCI-PM)-compliant.  Its hardwired-DSP approach provides the performance without the cost and power overhead of a programmable DSP engine.  With a low power 3.3V process and a space-efficient 100 LQFP package, the 4DWAVE is optimized for motherboard integration, Notebook systems and embedded applications.

The 4DWAVE-NX provides optimal support for Desktop as well as Notebook design.  For desktop, the NX supports S/PDIF digital interface to consumer electronic (CE) devices such as A/V Amplifier for high quality stereo or Digital Dolby (AC-3) audio playback.  It is AC97 Rev 1.03 and 2.0 compliant and its dual AC97 support enables 4-channel output for ultimate realism in desktop design or “digital hot docking” for notebook / docking station design.  Advanced notebook designs using more than four PCI bus masters will appreciate NX’s on-chip PCI Bus Master arbiter.  Its Dual I2S interface directly support up to two ZV-port without external glue logic, reducing cost and real estate.  Also, its flexible Dual AC’97 architecture enables resources such as speakers, microphone, CD-ROM, line input / output to be located at either the notebook or docking station, providing user friendly interface and effective resource utilization.

The 4DWAVE delivers an impressive combination of features and performance to end-users without burdening them on price. By combining PCI Bus Mastering for streaming Wave (PCM) acceleration, Hardware Wavetable synthesizer, and Digital Enhanced Game Port the 4DWAVE provides up to a 50% system level performance enhancement over an equivalent ISA audio controller. It delivers high performance, high quality audio, high-end features with efficient power management in a single-chip in a space-efficient 100 LQFP package.

It is forward pin-compatible with the future generation 4DWAVE family controller. This document will briefly describe signals in future products to enable system designers to accommodate the future 4DWAVE family products with one design, substantially simplifying future design and testing efforts.
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Figure 1-1.  4DWAVE-NX High Level System Block Diagram

1.2 Feature Highlights

1.2.1 Advanced PCI Bus-Mastering Accelerator

· PCI 2.1-compliant with Bus Mastering optimized for multiple streams operation

· On-chip per voice FIFO minimizes PCI bandwidth

· Up to 20X improvement over ISA DMA on PCI bus bandwidth utilization

· Hardware multi-channel 26-bit digital mixer 

1.2.2 High Quality Wavetable Synthesizer

· 64 voices polyphony wavetable synthesizer supports all combinations wavetable samples formats :

· Stereo/mono

· 8-/16-bits

· Signed/unsigned

· Per channel volume and envelope control, pitch shift, tremolo, and vibrato

· Per channel effect processing and effect volume control for reverb, chorus and echo 

· DLS1-compliant Downloadable Samples support

1.2.3 High Quality Audio and AC ’97 Support

· AC97 Rev 1.03 and Rev 2.00 compliant

· (NX) Support Dual AC97 codec for 4-channel output in desktop and digital docking for notebook design

· CD quality audio with better than 90dB SNR using an external high quality AC ’97 codec

· AC ’97 support with full duplex, independent sample rate converter for audio recording and playback

· On-chip sample rate converter ensures all internal operation at 48KHz

· High precision internal 26-bit digital mixer with 16- and 20-bit digital audio output

1.2.4 Advanced Desktop, Notebook PC and Docking Features

· (NX) S/PDIF interface provides the ability to deliver digital stereo or compressed AC-3 audio stream or output of NX digital mixer to consumer electronics (CE) such as A/V amplifier for high quality playback.   Supports 32, 44.1 and 48KHz sampling rate

· (NX) Dual AC-97 supports up to 4-channel output for maximum realism

· (NX) Dual AC-97 supports Digital Hot Docking for advanced Notebook / Docking station design

· (NX) Dual I2S interfaces support advanced notebook with dual ZV-port without using external glue logic

· (NX) On-chip PCI Bus Master arbiter supports notebook design that requires additional PCI bus master such as DVD or PCI video capture device

· (NX) External EEPROM supports Subsystem ID, Subsystem Vendor ID and power management info

· (NX) Up to 3 GPIOs

1.2.5 Advanced Streaming Architecture

· Streaming architecture with “Re-routable endpoint” support

· [image: image2.png]Three stereo capture channels

· AC ’97 stereo recording channel through AC-link

1.2.6 Multi-Voice Support
· 64 Stereo Hardware channels 

· 3D accelerator with IID, ITD, and Doppler effects on 3D positional audio buffers

· PCM accelerator for volume, pan, and pitch shift control on streaming or static buffers

1.2.7 Extras

· Digital Enhanced Game port enables analog joystick to emulate digital joystick performance using enhanced game port driver. This eliminates up to 12% of CPU overhead wasted on joystick polling.

· Multimedia timer for video/audio synchronization

· Forward pin-compatible with next generation PCI audio accelerators

1.2.8 Power Management

· Desktop ACPI & PCI-PM (PCI Power Management) Compatible

· Software Controls AC ’97 Codec Power States

1.3 Reference Documents

· PCI Local Bus Specification, Revision 2.1, June 1, 1995

· ACPI - Advanced Configuration and Power Interface Specification, Revision 1.0

· PPMI - PCI Bus Power Management Interface Specification – Revision 1.0; June 30, 1997

· OnNow - Device Class Power Management Reference Specification, Audio Device Class V1.0

· AC ’97 - Audio Codec ’97 Component Specification, Revision 1.03, September 15, 1996

2 System and Architecture Overview

The 4DWAVE is a 64-Voice PCI Audio Accelerator. It is packaged in a 100-pin LQFP package targeted for desktop and space-constrained applications such as notebook or handheld computer design. As shown in Figure 1.1 above, the 4DWAVE-NX will interface to:

· PCI bus

· (NX) Dual AC '97 supports communication with up to two AC '97 Codec for multi-channel output or digital docking design

· (NX) Dual I2S supports up to two ZV-port in advanced Notebook design

· Digitally Enhanced Game Port

· MIDI port

· (NX) Serial EEPROM for Subsystem ID, Subsystem Vendor ID and other power management information

· (NX) S/PDIF for digital interface to consumer electronics for high quality Stereo or Dolby Digital AC-3 playback

· (NX) PREQ#/XGNT# and PGNT#/XREQ# for PC/PCI or PCI Bus Master arbiter support respectively

The 4DWAVE-NX can be put into “DT Mode” (Desktop mode) or “NB Mode” (Notebook mode) during power on RST# through strapping options on TEST[1:0]#.  TEST[0]# selects between “Normal Operation” and “Test” mode while TEST[1]# selects a sub-mode of each of these modes.

· TEST[1:0]# = 11
selects 
Desktop Mode

· TEST[1:0]# = 01
selects 
Notebook Mode
· TEST[1:0]# = 10
selects 
XOR Test Mode
· TEST[1:0]# = 00
selects 
Tri-State Test Mode
Figure 2-1 shows the major functional blocks of the 4DWAVE-NX. The following sections provide architectural descriptions for each of the functional blocks.

[image: image3.png]
Figure 2-1.  4DWAVE-NX Functional Block Diagram

2.1 PCI Interface

The 4DWAVE PCI interface is fully PCI Rev 2.1 and Plug-and-Play compliant.  It consists of separate master and slave controllers that operate independently. Both master and slave engine support burst cycles. The slave can be programmed to accept both I/O and Memory (memory mapped I/O) cycles for 4DWAVE registers. The 4DWAVE register space can be mapped by configuring the PCI Configuration registers for I/O and Memory base addressing. The legacy register space is only accessible through I/O cycles and cannot be remapped.

4DWAVE uses a single PCI interrupt. All interrupts are combined together internally to form this single interrupt signal.  Internal registers must be accessed to determine the nature of the interrupt. This function is programmed differently if the device is in legacy emulation mode or not.

2.2 Voice Buffer/Stream Buffer

The voice buffer/stream buffer is used to buffer the data streams between the accelerator engine and the system memory. The stream buffer supports 64 channels with a 4 Dword-deep FIFO per channel. The stream buffer is used for (a) playback of up to 64 streams of audio and effects, and (b) to support four capture channels, chorus, reverb effects and 2nd AC97 record channel.

2.3 Address Engine

The address engine supports 64 voice channels. Stereo/mono, 8-/16-bit, and signed/unsigned formats are supported. All 64 voices are optimized for bus mastering audio streams of with Wave/PCM or Wavetable. Each channel is sample rate converted to 48KHz. The address engine performs all the sample address calculations including using a channel specific sample rate conversion factor.

2.4 Envelope Engine

The envelope engine controls the channel volume. For the first 32 channels, it supports two global volumes, a per/channel volume, a left-right PAN, a chorus volume, and a reverb volume. The first set also includes two volume slope buffers to allow a MIDI ADSR (Attack-Decay-Sustain-Release) curve to be performed. The second 32 channels support a per/channel volume, a left-right PAN, a chorus volume, and a reverb volume. All volume controls operate in dBs (decibels) of attenuation. This allows the attenuations to simply be summed before sending the composite to the mixer.

2.5 Digital Mixer

The 4DWAVE digital mixer supports high-precision 26-bit accumulators on three separate stereo channels. The hi-resolution accumulation allows the 64 voices to be mixed (accumulated) without degradations such as “clipping”.  The mixer supports both 16-bit and 20-bit audio outputs, when coupled with high quality AC ’97 codec, and can provide higher than 90dB signal-to-noise ratio.

There is a separate mixer channel for each of main (AC ’97 stereo out), reverb, and chorus output. The main mixer channel data is buffered in a FIFO before being accessed by the AC ’97 interface. This allows the device to buffer several samples ahead and substantially increases its tolerance for bus latency and others delays caused by other system events.

2.6 Recording Engine

The recording engine records data samples from the AC ’97 codec. All AC ’97 data is sampled at 48KHz and can be recorded in 16-bit stereo format. This requires 4-bytes per sample or 192Kbytes for 1 second of record data. The recording channel also supports independent down sampling and format conversion. By down sampling, the bus bandwidth and memory space can be reduced. For instance, voice function using 8-bit mono samples at 8kHz uses only 8K bytes per second.

2.7 Dual AC’97 Interface

The 4DWAVE-NX supports Dual AC’97 interfaces and are AC’97 Rev 1.03 and Rev 2.0 compliant.   Advanced desktop designs can utilize the advanced multi-channel feature for 3D positional or surround sound playback.  To maintain the audio quality across the docking station, digital audio transport is the only solution.  Therefore, notebook designer can use the secondary AC’97 interface to digitally dock to an AC’97 in the docking station.  The NX architecture provides highly flexible data stream handling / mixing feature, for example, one can utilize the Line-In from the dock, mixed with MIC built into the notebook and send the output back to the speaker on the docking station.

The AC ’97 interface operates at a fixed 48KHz sample rate. It provides 20-bit stereo output for playback and supports 16-bit stereo input for recording. The interface also includes a register set that allows access to the external AC ’97 codec registers.  AC ’97 power management and AC ’97 cold and warm resets are fully supported.

2.8 S/PDIF Out / I2S #1 Interface

The 4DWAVE-NX provides two I2S interfaces to eliminate the glue logic required by notebook designs using two ZV-ports.  I2S #1 is multiplexed with the S/PDIF Out (Sony/Philips Digital InterFace).  Typically, S/PDIF is used for desktop design while I2S #1 used for notebook.  However, the pin multiplexing is software selectable to provide maximum system-level flexibility.

2.9 MIDI In and Out / I2S #2 Interface

Similarly, I2S #2 is multiplexed with MIDI In/Out signals.  In this case, the default pin functions are selected by TEST[1:0]# during power up reset.  If “Notebook mode” is selected, I2S #2 will be enabled.  If “Desktop mode” is selected, MIDI In/Out will be the enabled.  Note that, the MIDI / I2S #2 function can be override by setting Notebook Mode Control register or PCI Config Reg [70h] Bit 0. 

2.10 Serial EEPROM / GPIO[2:0] 

The 4DWAVE-NX supports an external serial EEPROM interface to provide PCI Subsystem ID and Subsystem Vendor ID.  It is also used to store additional power management information of the audio subsystem.  The serial EEPROM interface are used primarily for add-on card vendor.  For desktop motherboard or notebook implementations, 2 of the 3 pins are selectable as GPIOs.

2.11 PC/PCI and SB-Link / PCI Bus Master Arbiter 

4DWAVE-NX has an additional multi-function PREQ#/XGNT#, PGNT#/XREQ# signal pair.  The signals are selectable either to support PC/PCI (also SB-link) for legacy DMA support, or to support an external PCI bus master using its on-chip PCI bus master arbiter function.

3 Power Management

3.1 References

The 4DWAVE Power Management system is compliant to the industry initiatives as recommended and specified by the following documents.

· ACPI - Advanced Configuration and Power Interface Specification – Revision 1.0

· PCI-PM - PCI Bus Power Management Interface Specification – Revision 1.0; June 30, 1997

· OnNow - Device Class Power Management Reference Specification – Audio Device Class V1.0

· AC’97 - Audio Codec ’97 Component Specification – Revision 1.03; September 15, 1996

3.2 State Definitions

There are four defined power states of a device: D0, D1, D2,  & D3. The stated D3 is sometimes further subdivided into two sub-states: D3hot & D3cold. The 4DWAVE has no difference between D3hot (power still on) and D3cold (power off) power states. Therefore, we will use the general definition of D3. 

3.2.1 Device States as defined by Microsoft OnNow Device Class Specification

D0 = 
Full power & functionality state.

D1 = 
Low-power state with no context or data loss. This is referred as a “pause” state. Fast transition to the D0 state.

D2 = 
Low-power state with some context and data loss. Transition to the D0 state <200us.

D3 = 
Off state.  Device context is lost. Full initialization and context restoration required.  There is no time limit for state transitions to D0.

3.2.2 D0 State

The power is on and the device in full operation.  The device is either Playing, Recording, or operating in Full Duplex mode.

· Playing

· File/buffer handle(s) are open.

· Device is playing sample data from file/buffer. (MIDI, WAVE, etc.)

· Recording

· File/buffer handle(s) are open.

· Device is capturing sample data to file/buffer

· Full Duplex

· Device is both Playing and Recording (foreground)

POWER STATE
Bus
4DWAVE
AC’97 Codec

D0 State
33 MHz operation


Full functionality
All channels are enabled.

All ADC/DAC are turned on.  Clocks are running.

3.2.3 D1 State

The power is on but the consumption is less then the D0 state. Device context is completely coherent and static. The device is not playing or recording.  File/buffer handles are all closed.  

The PCI-PM specification allows some operation in the D1 state. The 4DWAVE is dependent on the PCICLK for operation in the D1 state.

POWER STATE
Bus
4DWAVE
AC’97 Codec

D1 State
33MHz operation


NX PCI Bus Mastering is disabled. Any channels currently running will eventually stop.

NX no longer responds to I/O or memory cycles.


All channels are enabled.

All ADC/DAC are turned on.  Clocks are running

3.2.4 D2

The power is on but the consumption is less then the D0 state (typically less than D1 state).  Device context is completely coherent and static. The device is not playing or recording.  File/buffer handles are all closed.  The difference between D1 and D2 states vary between the Device Class & PCI-PM specification. 

POWER STATE
Bus
4DWAVE
AC’97 Codec

D2 State
0 – 33MHz operation


NX PCI Bus Mastering is disabled. Any channels currently running will eventually be stopped.

NX no longer responds to I/O or memory cycles.

Game Port, MIDI, I2S interfaces are clamped
AC97 is powered down according to power management policies set in ACR0.

3.2.5 D3

The power can be on or off. The device will generate an internal PCI_RST# when exiting the D3 state (if power remains on) and software will need to do a complete context restoration.

POWER STATE
Bus
4DWAVE
AC’97 Codec

D3 State
0 - 33 MHz operation.  (PCICLK typically stopped)


NX PCI Bus Mastering is disabled. Any channels currently running will eventually be stopped.

NX no longer responds to I/O or memory cycles.

Game Port, MIDI, I2S interfaces are clamped.
AC97 is powered down according to power management policies set in ACR0.

3.2.6 Power Management State Diagram

[image: image4.png]/ Irident




Address Map and Register Description

The 4DWAVE is a stand-alone single function PCI audio device. It has registers in three address spaces: PCI Configuration Header 0 space, I/O Space, and Memory Space. These spaces are initialized through Plug-n-Play system software routines by configuring the registers in the 256-byte PCI Configuration Register space.

The 4DWAVE has three major groups of registers and are described in the following sections :

Section 4.1
PCI Configuration Registers

Section 4.2
Wave Engine and Control Registers

3.3 PCI Configuration Space

The device is both PCI-PM and DDMA compatible, which requires additional registers for set-up. The Cap_Ptr points to offset 48h where additional registers defines the power management capabilities of 4DWAVE.

Table 6-1.  4DWAVE-NX PCI Configuration Register Space

Offset (Hex)
Byte 3
Byte 2
Byte 1
Byte 0

00h
Device ID (Read Only DX = 2000h; NX = 2001h)
Vendor ID (Read Only = 1023h)

04h
Status
Command

08h
Class Code (Read Only = 040100h)
Revision ID
(Read Only = 0xh)

0Ch
BIST
(Read Only = 0000h)
Header Type
(Read Only = 00h)
Latency Timer
Cache Line Size 
(Read Only = 0000h)

10h
Audio IO Base Address Register

14h
Audio Memory Base Address Register

18-28h
RSVD (Read Only = 00000000h)

2Ch
Subsystem ID (Read Only)
Subsystem Vendor ID (Read Only)

30h
RSVD (Read Only = 00000000h)

34h
RSVD (Read Only = 000000h)
Cap_Ptr
(Read Only = 48h)

38h
RSVD (Read Only = 00000000h)

3Ch
MAX_LAT
(Read Only = 05h)
MIN_GNT
(Read Only = 02h)
Interrupt Pin
(Read Only = 01h)
Interrupt Line

40h
DDMA_CFG

44h
RSVD
(Read Only = 00h)
Power Management Control
LEGACY_DMA
LEGACY_IOBASE

48h
Power Management Capabilities
(Read Only = 0601h)
Next_Ptr
(Read Only = 00h)
Cap_ID
(Read Only = 01h)

4Ch
Power Data                  (R/O = ROM Word 00h)
PMCSR_BSE
(Read Only – 00h)
Power Management Control/Status

50h
RSVD (Read Only = 0000h)
Interrupt Snooping Control

54h-6Ch
RSVD (Read Only = 00000000h)

70h
GPIO_CTRL
RSVD (R/O = 00h)
NB_CTRL

3.3.1 PCI Configuration Registers Description

3.3.1.1 Vendor ID (Offset = 00h)

Bits
POR
Read/Write
Description

[15:0]
1023h
R
Trident Microsystems’ PCI Vendor ID

3.3.1.2 Device ID (Offset = 02h)

Bits
POR
Read/Write
Description

[15:0]
2001h
R
4DWAVE Device ID

3.3.1.3 Command (Offset = 04h)

Bits
POR
Read/Write
Description

[15:10]
000000b
R
Reserved

[9]
0
R
Fast Back-to-Back enable for master transactions. The 4DWAVE does not support this feature. This bit is hardwired to a ‘0’.

[8]
0
R/W
SERR# enable
0 = Disables the SERR# Driver
1 = Enables the SERR# Driver

[7]
0
R
Address/Data stepping or Wait cycle control. The 4DWAVE does not support this feature. This bit is hard wired to a ‘0’.

[6]
0
R/W
Parity Enable
0 = Ignores parity errors.
1 = Report parity errors.

[5]
0
R
VGA palette snoop. The 4DWAVE does not support this feature. This bit is hard wired to a ‘0’.

[4]
0
R
Enable the “Memory Write and Invalidate” command. The 4DWAVE does not support this feature. This bit is hard wired to a ‘0’.

[3]
0
R
Enable the device to monitor Special Cycle commands. The 4DWAVE does not support this feature. This bit is hard wired to a ‘0’.

[2]
0
R/W
Bus Master Enable
0 = Disables the Bus Master Operation
1 = Enables the Bus Master Operation

[1]
0
R/W
Memory Space Enable
0 = Disables the device to respond to Memory Space cycles
1 = Enables the device to respond to Memory Space cycles

[0]
0
R/W
I/O Space Enable
0 = Disables the device to respond to I/O Space cycles
1 = Enables the device to respond to I/O Space cycles

3.3.1.4 Status (Offset = 06h)

Bits
POR
Read/Write
Description

[15]
0
R/W 1 to Clear
Parity Error Detected. The device sets this bit, whenever it detects a parity error, even when the Command bit [6] is disabled.

[14]
0
R/W 1 to Clear
SERR# status. Set whenever this device asserts SERR#.

[13]
0
R/W 1 to Clear
Received Master-Abort status. Set whenever a transaction to this device is terminated with a Master-Abort.

[12]
0
R/W 1 to Clear
Received Target-Abort status. Set whenever a transaction by this device is terminated with a Target-Abort.

[11]
0
R
Signaled Target-Abort status. Set whenever a transaction to this device is terminated with a Target-Abort. This will never happen on 4DWAVE-NX.

[10:9]
01b
R
DEVSEL Timing. The device supports “Medium” DEVSEL timing.

[8]
0
R/W 1 to Clear
Data Parity Error Detected. This bit is set by the Master device when 1) it detects a data parity error, 2) it is the current Master, and 3) when the Command bit [6] is enabled to report parity errors.

[7]
0
R
Capable of Fast Back-to-Back cycles. The 4DWAVE-NX does not support this feature. This bit is hard wired to a ‘0’.

[6]
0
R
User Definable Features. The 4DWAVE-NX does not support this feature. This bit is hard wired to a ‘0’.

[5]
0
R
66MHz Capable. The 4DWAVE-NX does not support this feature. This bit is hard wired to a ‘0’.

[4]
1
R
Capabilities List. The 4DWAVE-NX supports “New Capabilities” structure.

[3:0]
0000b
R
Reserved

3.3.1.5 Revision ID (Offset = 08h)

Bits
POR
Read/Write
Description

[7:0]
00h
R
4DWAVE-NX Revision. First revision = 00h.

3.3.1.6 Class Code (Offset = 10h)

Bits
POR
Read/Write
Description

[23:16]
04h
R
Base Class. Multimedia = 04h

[15:8]
01h
R
Sub Class. Audio = 01h

[7:0]
00h
R
Interface Class. None Defined = 00h

3.3.1.7 Cache Line Size (Offset = 0Ch)

Bits
POR
Read/Write
Description

[7:0]
00h
R
Cache Line Size. The 4DWAVE-NX does not support this feature. This bit is hardwired to a ‘0’.

3.3.1.8 Latency Timer (Offset = 0Dh)

Bits
POR
Read/Write
Description

[7:3]
00000b
R/W
Latency Timer in 8-PCI Clock increments.

[2:0]
000b
R
Latency Timer LS 3-bits. Always 000b. This forces the latency to be incremented by 8-PCI Clocks at a time.

3.3.1.9 Header Type (Offset = 0Eh)

Bits
POR
Read/Write
Description

[7]
0
R
Multi-function device enable. The 4DWAVE-NX is not a multi-function device.

[6:0]
0000000b
R
Header Layout. The 4DWAVE-NX uses a “standard” configuration layout.

3.3.1.10 BIST (Offset = 0Fh)

Bits
POR
Read/Write
Description

[7:0]
00h
R
The 4DWAVE-NX does not support this feature. These bits are hardwired to a ‘00h’.

3.3.1.11 I/O Base Address (Offset = 10h)

Bits
POR
Read/Write
Description

[31:8]
000000h
R/W
I/O Base Address [31:8]. Specifies the MS 24-bits of the Audio I/O base address.

[7:2]
000000b
R
I/O Base Address [7:2]. Forces alignment to a 256-byte block.

[1]
0
R
Reserved.

[0]
1
R
I/O Base identifier.

3.3.1.12 Memory Base Address (Offset = 14h)

Bits
POR
Read/Write
Description

[31:12]
00000h
R/W
Memory Base Address [31:12]. Specifies the MS 20-bits of the Audio Memory base address.

[11:4]
00h
R
Memory Base Address [11:4]. Forces alignment to a 4K-byte block.

[3]
0
R
Prefetchable. The 4DWAVE-NX uses this space for Memory mapped I/Os. This is not a prefetchable or mergeable address space.

[2:1]
00b
R
Type. This can be located anywhere in 32-bit address space.

[0]
0
R
Memory Base identifier.

3.3.1.13 Subsystem Vendor ID (Offset = 2Ch)

Bits
POR
Read/Write
Description

[15:0]
See Description
R/(W)**
(NX) Subsystem ID is loaded from External ROM Word 0Fh and is Read-Only.  ** The Subsystem ID can be programmed by system BIOS or ACPI control method as recommended by PC98 / PC99 specifications by setting Config. Reg [45] bit 5.

3.3.1.14 Subsystem ID (Offset = 2Eh)

Bits
POR
Read/Write
Description

[15:0]
See Description
R/(W)**
(NX) The Subsystem Vendor ID is loaded from External ROM Word 0Eh and is Read-Only.   ** The Subsystem Vendor ID can be programmed by system BIOS or ACPI control method as recommended by PC98 / PC99 specifications by setting Config. Reg [45] bit 5.

3.3.1.15 Capabilities Pointer (Offset = 34h)

Bits
POR
Read/Write
Description

[7:0]
48h
R
Capabilities Pointer. Absolute offset to the start of the extended capabilities configuration space.

3.3.1.16 Interrupt Line (Offset = 3Ch)

Bits
POR
Read/Write
Description

[7:0]
00h
R/W
Interrupt Line. This is used by the driver and Plug-n-Play setup code to identify the interrupt used by this device.

3.3.1.17 Interrupt Pin (Offset = 3Dh)

Bits
POR
Read/Write
Description

[7:0]
01h
R
Interrupt Pin. This is used to tell what pin the device uses. The 4DWAVE-NX uses the INTA# pin.

3.3.1.18 Minimum Grant (Offset = 3Eh)

Bits
POR
Read/Write
Description

[7:0]
02h
R
Minimum Latency. The minimum time to complete a burst is 500ns. (2 x 0.25us increment) 

3.3.1.19 Maximum Latency (Offset = 3Fh)

Bits
POR
Read/Write
Description

[7:0]
05h
R
Maximum Latency. The maximum time between request cycles is set at 1.25us (5 x 0.25us increment)

3.3.2 Legacy Configuration Registers Description

3.3.2.1 Distributed DMA Configuration (Offset = 40h)

Bits
POR
Read/Write
Description

[31:4]
0000000h
R/W
DDMA Base Address [31:4]

[3]
0
R/W
Non Legacy Extended Addressing Control (Fully 32 bit Addressing)
 0 = disabled
1 = enabled

[2:1]
00b
R
Legacy DMA Transfer Size Control
00
8 bit transfer, legacy

[0]
0
R/W
DDMA Slave Channel Access Enable Control
0 = disabled
1 = enabled

3.3.2.2 Legacy I/O Base (Offset = 44h)

Bits
POR
Read/Write
Description

[7]
0
R/W
MPU-401 Legacy Address Space Enable
0 = MPU401Base disable
1 = MPU401Base enable

[6]
0
R/W
MPU-401 Legacy Address Space Select
0 = MPU401Base 0330h-0333h
1 = MPU401Base 0300h-0303h 

[5]
0
R/W
Game Port Legacy Address Space Enable
0 = GAMEBase disable
1 = GAMEBase enable

[4]
0
R/W
Game Port Legacy Address Space Select
0 = GAMEBase 0200h-0207h
1 = GAMEBase 0208h-020Fh

[3]
0
R/W
Adlib Legacy Address Space Enable
0 = ADLIBBase disable
1 = ADLIBBase enable

[2]
0
R/W
Adlib Legacy Address Space Select
0 = ADLIBBase 0388h-038Bh
1 = ADLIBBase 038Ch-038Fh

[1]
0
R/W
SoundBlaster™ Legacy Address Space Enable
0 = SBBase disable
1 = SBBase enable

[0]
0
R/W
SoundBlaster™ Legacy Address Space Select
0 = SBBase 0220h-022Fh
1 = SBBase 0240h-024Fh

3.3.2.3 DX Legacy DMA (Offset = 45h)

Bits
POR
Read/Write
Description

[7:3]
000b
R
Reserved

[2]
0
R/W
Reserved

[1]
0
R/W
Enable Legacy DMA Snooping/Trapping
0 = DMA trapping disable
1 = DMA trapping enable

[0]
0
R/W
DMA Snooping Channel Select
0 = DMA channel 1 trapping
1 = DMA channel 0 trapping 

3.3.2.4 NX Legacy DMA (Offset = 45h)

Bits
POR
Read/Write
Description

[7:6]
000b
R
Reserved

[5]
0
R/W
Subsystem ID / Subsystem VID Write Enable

0 = Disable PCI configuration writes to Subsystem ID and Subsystem VID registers.   

1 = Enable PCI configuration writes to Subsystem ID and Subsystem VID registers. This feature needs to be used to program the SID and SVID registers when the NX is in notebook mode.

[4]
0
R/W
MIDI IN/OUT FIFO loading 

0 = The MIDI input fifo is loaded serially 

1 = The MIDI input fifo is loaded parallelly

[3]
0
R/W
PC/PCI Enable

0 = PC/PCI disabled

1 = PC/PCI enabled

[2]
0
R/W
Reserved

[1]
0
R/W
Enable Legacy DMA Snooping/Trapping
0 = DMA trapping disable
1 = DMA trapping enable

[0]
0
R/W
DMA Snooping Channel Select
0 = DMA channel 1 trapping
1 = DMA channel 0 trapping 

3.3.2.5 DX Power Management Control (Offset = 46h)

Bits
POR
Read/Write
Description

[7:3]
000b
R
Reserved

[2]
0
R/W
Audio Engine Reset

0 = Normal

1 = Reset Audio Registers & Wave Engine State Machines

When this bit is ‘1’, the audio block (including wavetable and legacy audio) will be reset. It must be set to ‘0’, to exit reset.

[1]
0
R/W
Sub-System Vendor ID Write Enable

0 = Sub-System Vendor ID is Read Only

1 = Sub-System Vendor ID is Read/Write

[0]
0
R
Reserved

3.3.2.6 NX Power Management Control (Offset = 46h)

Bits
POR
Read/Write
Description

[7:5]
000b
R
Reserved

[4]
0
R/W
IO Clamp During Power Down

0 = EEPROM, GAME, MIDI & I2S interfaces are clamped when in power state D2 or D3 

1 = No interfaces are clamped in any of the power states

[3]
0
R/W
OSC Off During Power Down

0 = SPDIF oscillator will be disabled when in power state D2 or D3

1 = SPDIF oscillator will run in all power states.

[2]
0
R/W
Reserved

[1]
0
R/W
Power Management Disable

0 = Power management states are enabled

1 = Power management states are disabled

[0]
0
R/W
Audio Engine Reset

0 = Normal

1 = Reset Audio Registers & Wave Engine State Machines

When this bit is ‘1’, the audio block (including wavetable, legacy audio, & AC’97 codec) will be reset. It must be set to ‘0’, to exit reset. This bit should be set for D3 power states.

3.3.3 Power Management Configuration

3.3.3.1 Capabilities ID (Offset = 48h)

Bits
POR
Read/Write
Description

[7:0]
01h
R
Identifies the capability as being the PCI Power Management Registers.

3.3.3.2 Next Item Pointer (Offset = 49h)

Bits
POR
Read/Write
Description

[7:0]
00h
R
By being 00h, indicates the end of the linked-list of extended capabilities.

3.3.3.3 Power Management Capabilities (Offset = 4Ah)

Bits
POR
Read/Write
Description

[15:11]
00000b
R
PME Support – The 4DWAVE does not support PME# generation.

[10]
1
R
D2 Support – The 4DWAVE supports D2 power state.

[9]
1
R
D1 Support – The 4DWAVE supports D1 power state.

[8:6]
000b
R
Reserved

[5]
0
R
Device Specific Initialization – The 4DWAVE does not require any device specific initialization.

[4]
0
R
Auxiliary Power Source – The 4DWAVE does not support separate internal power support. (Or PME# generation.)

[3]
0
R
PME Clock - The 4DWAVE does not support PME# generation and, therefore, does not need the PCI clock to generate a PME#.

[2:0]
001b
R
Version – The 4DWAVE support Revision 1.0 of the PCI Power Management Interface specification.

3.3.3.4 Power Management Control/Status (Offset = 4Ch)

Bits
POR
Read/Write
Description

[15]
0
R
PME Status – The 4DWAVE does not support PME generation.

[14:13]
ROM [00h] Bit [15:14]
R
Data Scale – The 4DWAVE will load from serial ROM.  This will be in bit [15:14] of ROM Word 00h Bit [15:14] respectively.

[12:9]
0000b
R/W
Data Select – The Power Value select.  It is used to address the ROM Word [X] which is the Xth word on the serial ROM.

[8]
0
R
PME# Enable – The 4DWAVE does not support PME# generation.

[7:2]
000000b
R
Reserved

[1:0]
00b
R/W
Power State – This is used to determine the current power state. Software updates this register when changing power states

00b – D0
01b – D1
10b – D2
11b-D3hot

3.3.3.5 NX Power Management Data (Offset = 4Fh)

Bits
POR
Read/Write
Description

[7:0]
ROM [00h]

Bit [7:0]
R
Power Management Data – This data is loaded from the serial ROM Word [00h] whenever PCI Config Register [4Ch] is written and “Data Select =00h”

3.3.4 Miscellaneous Configuration

3.3.4.1 NX Interrupt Snooping Control (Offset = 50h)

Bits
POR
Read/Write
Description

[15:8]
00h
R/W
Interrupt Vector: Compared to vector returned on AD[7:0] during a PCI interrupt acknowledge cycle. If it matches, then disable INTA# until all internal interrupts have been cleared.

[7:1]
00h
R
Reserved

[0]
0
R/W
Interrupt Snoop Enable
0 = Disable Interrupt Snooping
1 = Enable Interrupt Snooping (During Interrupt Acknowledge)

3.3.4.2 NX Notebook Mode Control (Offset = 70h)

Bits
POR
Read/Write
Description

[7:3]
0
R
Reserved

[2]
0
R/W
I2S Data port select (this bit is only operational in Notebook mode).

0 = Select I2S port

1 = Select I2S2 port

[1]
0 – DT

1 – NB
R/W
PC/PCI / XARB mode select. When powering up in Desktop mode this defaults to 0. When powering up in Notebook mode this defaults to 1.

0 = pins are used for PC/PCI functionality

1 = pins are used for XARB functionality 

[0]
0 – DT

1 – NB
R/W
MIDI / I2S mode select. When powering up in Desktop mode this defaults to 0. When powering up in Notebook mode this defaults to 1.

0 = pins are used for MIDI functionality

1 = pins are used for dual I2S functionality 

3.3.4.3 NX GPIO Mode Control (Offset = 72h)

Bits
POR
Read/Write
Description

[15:9]
0
R
Reserved

[8]
0
R
GPIO[2] Input status. This bit will reflect the data value on the GPIO[2] pin.

[7]
0
R/W
GPIO[2] Data value. When GPIO[2] is configured as an output this is the value that will be driven on the GPIO[2] pin. 

[6]
1
R/W
GPIO[2] Input/Output Select.

1 = GPIO[2] is an Output Only pin.

0 = GPIO[2] is an Input Only pin.

[5]
0
R
GPIO[1] Input status. This bit will reflect the data value on the GPIO[1] pin.

[4]
0
R/W
GPIO[1] Data value. When GPIO[1] is configured as an output this is the value that will be driven on the GPIO[1] pin. 

[3]
1
R/W
GPIO[1] Input/Output Select (this bit is only valid when the NX Notebook mode is enabled at power-up).

1 = GPIO[1] is an Output Only pin.

0 = GPIO[1] is an Input Only pin.

[2]
0
R
GPIO[0] Input status. This bit will reflect the data value on the GPIO[0] pin.

[1]
0
R/W
GPIO[0] Data value. When GPIO[0] is configured as an output this is the value that will be driven on the GPIO[0] pin. 

[0]
1
R/W
GPIO[0] Input/Output Select (this bit is only valid when the NX Notebook mode is enabled at power-up).

1 = GPIO[0] is an Output Only pin.

0 = GPIO[0] is an Input Only pin.

3.4 Wave Engine and Control Registers

Table 6-2.  4DWAVE Internal Registers

Audio Base Offset (Hex)
Byte 3
Byte 2
Byte 1
Byte 0

00
DMAR3
DMAR2
DMAR1
DMAR0

04
RSVD
DMAR6
DMAR5
DMAR4

08
DMAR11
DMAR10
RSVD
DMAR8

0C
DMAR15
DMAR14
DMAR13
DMAR12

10
SBR3/SBR1
SBR2
SBR1/SBR3
SBR0

14
SBR6
SBR6
SBR5
SBR4

18
SBR7
SBR7
RSVD
RSVD

1C
SBR10
SBR9
SBR8
SBR8

20
MPUR3
MPUR2
MPUR1
MPUR0

24 (NX)
SPCTRL
SPCSO

28 (NX)
SPLBA

2C (NX)
RSVD
SPESO

30
RSVD
RSVD
GAMER1
GAMER0

34
GAMER2

38
GAMER3

3C (NX)
I2SR

40
ACR0

44
ACR1

48
ACR2

4C (NX)
ACR3

50
ASR0

54
RSVD
ASR2
ASR1

58
ASR3

5C
ASR6
ASR5
RSVD
ASR4

60
AOPLSR0

64 (NX)
SPCSTATUS

68 (NX)
RSVD (Read Only = h’00000000)

6C (NX)
TLBC

70
RCI3 (NX)
RCI2
RCI1
RCI0

74
RSVD (Read Only = h’00000000)

78
PSBVLD_A Channels 0-31

7C
PSBVLD_B Channels 32-63

80
START_A Channels 0-31

84
STOP_A Channels 0-31

88
DLY_A

8C
SIGN_CSO_A

90
CSPF_A Channels 0-31

94
CEBC_A

98
AIN_A Channels 0-31

9C
EINT_A

A0
GC(12:8) 
LFOCOUNT_A
GC(7:0)
CIR

A4
AINTEN_A Channels 0-31

A8
MUSICVOL
WAVEVOL

AC
SBDELTA
DELTA_R

B0
MISCINT

B4
START_B Channels 32-63

B8
STOP_B Channels 32-63

BC
CSPF _B Channels 32-63

C0
SBBL
SBCL

C4
SBE2R
RSVD
SBDD
SBCTRL

C8
RSVD
STIMER

CC
LFOCTRL_B
LFOCOUNT_B
ROM_TEST

D0
T_FIFO [FIFO(39:24)]
T_FIFO [FIFO(19:4)]

D4
T_DIGIMIXER [ADL(19:4)]
T_DIGIMIXER [ADR(19:4)]

D8
AIN_B Channels 32-63

DC
AINTEN_B Channels 32-63

 DX Address RAM (Channels 0-63)

E0
CSO[15:0]
ALPHA(11:4)
 ALPHA(3:0)+FMS

E4
PSBPTR[31:30] & LBA[29:0]

E8
ESO
DELTA

EC
RSVD
RSVD
FMC+RVOL(6:1)
RVOL(0) + CVOL

NX Address RAM (Channels 0-63)

E0
DELTA[7:0]
CSO[23:0]

E4
PPTR[31:30] & LBA[29:0]

E8
DELTA[15:8]
ESO[23:0]

EC
ALPHA[11:4]
ALPHA[3:0]+FMS
FMC+RVOL(6:1)
RVOL(0) + CVOL

Envelope RAM (Channels 0-63)

F0
GVSEL + PAN
VOL
CTRL + Ec(11:8)
Ec(7:0)

F4
EBUF1 (Channel 0-31 only)

F8
EBUF2 (Channel 0-31 only)

FC
RSVD (Read Only = h'00000000)

3.5 “Selected” Register Descriptions

3.5.1 DMA

3.5.1.1 DMAR0 (Legacy DMA Playback Buffer Base Register Port1) 

I/O Port
Size
Access
Default

AudioBase + 00h 
8-bits
Read/Write
00h



Bit
Description

7:0
Read:

Legacy DMA Playback Buffer Current Address [7:0]

Write: (Simultaneously writes both)

Legacy DMA Playback Buffer Base Address [7:0]

Legacy DMA Playback Buffer Current Address [7:0]

3.5.1.2 DMAR1 (Legacy DMA Playback Buffer Base Register Port2)

I/O Port
Size
Access
Default

AudioBase + 01h 
8-bits
Read/Write
00h



Bit
Description

7:0
Read:

Legacy DMA Playback Buffer Current Address [15:8]

Write: (Simultaneously writes both)

Legacy DMA Playback Buffer Base Address [15:8]

Legacy DMA Playback Buffer Current Address [15:8]

3.5.1.3 DMAR2 (Legacy DMA Playback Buffer Base Register Port3)

I/O Port
Size
Access
Default

AudioBase + 02h 
8-bits
Read/Write
00h



Bit
Description

7:0
Read:

Legacy DMA Playback Buffer Current Address [23:16]

Write: (Simultaneously writes both)

Legacy DMA Playback Buffer Base Address [23:16]

Legacy DMA Playback Buffer Current Address [23:16]

3.5.1.4 DMAR3 (Legacy DMA Playback Buffer Base Register Port4 )

I/O Port
Size
Access
Default

AudioBase + 03h
8-bits
Read/Write
00h



Bit
Description

7:0
Read:

Legacy DMA Playback Buffer Current Address [31:24]

Write: (Simultaneously writes both)

Legacy DMA Playback Buffer Base Address [31:24]

Legacy DMA Playback Buffer Current Address [31:24]

3.5.1.5 DMAR4 (Legacy DMA Playback Byte Count Register 1)   

I/O Port
Size
Access
Default

AudioBase + 04h
8-bits
Read/Write
00h



Bit
Description

7:0
Read:

Legacy DMA Playback Buffer Current Count [7:0]

Write: (Simultaneously writes both)

Legacy DMA Playback Buffer Base Count [7:0]

Legacy DMA Playback Buffer Current Count [7:0]

3.5.1.6 DMAR5 (Legacy DMA Playback Byte Count Register 2)

I/O Port
Size
Access
Default

AudioBase + 05h
8-bits
Read/Write
00h



Bit
Description

7:0
Read:

Legacy DMA Playback Buffer Current Count [15:8]

Write: (Simultaneously writes both)

Legacy DMA Playback Buffer Base Count [15:8]

Legacy DMA Playback Buffer Current Count [15:8]

3.5.1.7 DMAR6 (Legacy DMA Playback Byte Count Register 3) 

I/O Port
Size
Access
Default

AudioBase + 06h
8-bits
Read/Write
00h



Bit
Description

7:0
Read:

Legacy DMA Playback Buffer Current Count [23:16]

Write: (Simultaneously writes both)

Legacy DMA Playback Buffer Base Count [23:16]

Legacy DMA Playback Buffer Current Count [23:16]

3.5.1.8 DMAR8 Legacy DMA Controller Command / Status Register

I/O Port
Size
Access
Default

AudioBase + 08h
8-bits
Read
00h



Bit
Description

7:0
Status register for implemented legacy 8237-A DMA channel

3.5.1.9 DMAR10 Legacy DMA Single Channel Mask Port

I/O Port
Size
Access
Default

AudioBase + 0Ah
0-bits
Write
00h



Bit
Description

x
Channel mask register for implemented legacy 8237-A DMA channel

3.5.1.10 DMAR11 Legacy DMA Channel Operation Mode Register

I/O Port
Size
Access
Default

AudioBase + 0Bh
8-bits
Write
00h



Bit
Description

7:6
Legacy DMA transfer request signal timing control

00 = demand mode select 

01 = single mode select

10 = block mode select

11 = cascade mode select

Not used and reserved for 4Dwave

5
Legacy DMA transfer address control

0 = address increment select

1 = address decrement select (not supported by 4DWave)

4
Legacy DMA transfer T/C mode control

0 = autoinitialization disable

1 = autoinitialization enable

if (Bit 4 == 0)

when DMATCReached goes from low to high

set DMAR15.0 to 1

else if (Bit 4 == 1)

when DMATCReached goes from low to high, 

set DMA current transfer address 31:0 = DMA base address 31:0

set DMA current count 23:0 = DMA base count 23:0

3:2
Legacy DMA transfer I/O type control

00 = verify transfer (not supported by 4DWave)

01 = write transfer (recording by 4DWave)

10 = read transfer (playback by 4DWave)

11 = illegal & reserved

1:0
Channel Select: Not used/reserved

3.5.1.11 DMAR12 Legacy DMA Controller First/Last Flag Clear Port

I/O Port
Size
Access
Default

AudioBase + 0Ch
0-bits
Write
00h



Bit
Description

x
Clear First/Last flag (First/Last = 0) for implemented legacy 8237-A DMA channel.

3.5.1.12 DMAR13 Legacy DMA Controller Master Clear Port

I/O Port
Size
Access
Default

AudioBase + 0Dh
0-bits
Write
00h



Bit
Description

x
Master Clear for implemented legacy 8237-A DMA channel.

3.5.1.13 DMAR14 Legacy DMA Controller Clear Mask Port

I/O Port
Size
Access
Default

AudioBase + 0Eh
0-bits
Write
00h



Bit
Description

x
Multi-channel mask clear for the implemented legacy 8237-A DMA channel

3.5.1.14 DMAR15 Legacy DMA Controller Multi-Channel Mask Register

I/O Port
Size
Access
Default

AudioBase + 0Fh
1-bits
Write
0b



Bit
Description

x
Multi-channel mask register for implemented legacy 8237-A DMA channel

3.5.2 Game Port

3.5.2.1 GAMER0 (Gameport Control Register)

I/O Port
Size
Access
Default

AudioBase + 30h
8-bits
Read/Write
00h



Bit
Description

7
Enhanced Gameport Enable

0 = Disable Enhanced Digital Gameport;

1 = Enable Enhanced Digital Gameport;

6
Enhanced Gameport Test Mode

0 = Disable Testmode for Enhanced Digital Gameport;

1 = Enable Testmode for Enhanced Digital Gameport;

5:0
Reserved

When Bit [6] is set, the game counter will overflow after every 1024 AC’97 BITCLKs. Bit [6] is only useful when Bit [7] is set.

Bit [7] will be automatically cleared if there are any I/O operation to GAMER1.

3.5.2.2 GAMER1 (Legacy Gameport I/O Register)

I/O Port
Size
Access
Default

AudioBase + 31h; GameBase + 0h – 7h
8-bits
Read/Write
F0h



Bit
Description

7
Write: Nothing

Read:

0 = Joystick B Button1 Pressed (Input pad at low level)

1 = Joystick B Button1 Released (Input pad at high level)

6
Write: Nothing

Read:

0 = Joystick B Button0 Pressed (Input pad at low level)

1 = Joystick B Button0 Released (Input pad at high level)

5
Write: Nothing

Read:

0 = Joystick A Button1 Pressed (Input pad at low level)

1 = Joystick A Button1 Released (Input pad at high level)

4
Write: Nothing

Read:

0 = Joystick A Button0 Pressed (Input pad at low level)

1 = Joystick A Button0 Released (Input pad at high level)

3
Write: Charge the R-C network

Read:

0 = Joystick B Y-Axis input pad at low level

1 = Joystick B Y-Axis input pad at high level

2
Write: Charge the R-C network

Read:

0 = Joystick B X-Axis input pad at low level

1 = Joystick B X-Axis input pad at high level

1
Write: Charge the R-C network

Read:

0 = Joystick A Y-Axis input pad at low level

1 = Joystick A Y-Axis input pad at high level

0
Write: Charge the R-C network

Read:

0 = Joystick A X-Axis input pad at low level

1 = Joystick A X-Axis input pad at high level

3.5.2.3 GAMER2 (Enhanced Gameport Position Register 1)

I/O Port
Size
Access
Default

AudioBase + 34h
32-bits
Read/Write
FFFFFFFFh



Bit
Description

31:16
Joystick A Y-Axis Position Latched Value (16-bit unsigned)

15:0
Joystick A X-Axis Position Latched Value (16-bit unsigned)

3.5.2.4 GAMER3 (Enhanced Gameport Position Register 2)

I/O Port
Size
Access
Default

AudioBase + 38h
32-bits
Read/Write
FFFFFFFFh



Bit
Description

31:16
Joystick B Y-Axis Position Latched Value (16-bit unsigned)

15:0
Joystick B X-Axis Position Latched Value (16-bit unsigned)

3.5.3 DX AC’97 Registers

3.5.3.1 DX ACR0
AC’97 Codec Write Register

I/O Port
Size
Access
Default

AudioBase + 40h
32-bits
Read/Write
00000000h



Bit
Description

31:16
Write Data for the AC’97 Codec

15
AC’97 Write Command/Status Bit

Read:

0 = Write has completed; Ready to write the AC’97 Codec register

1 = Busy writing AC’97 Codec (indexed by bits [6:0])

Write:

0 = Do Nothing

1 = Write AC’97 Codec register (indexed by bits [6:0]) with bits [31:16]

14:7
Reserved

6:0
Index of the AC’97 Codec register to be written

3.5.3.2 DX ACR1
AC’97 Codec Read Register

I/O Port
Size
Access
Default

AudioBase + 44h
32-bits
Read/Write
00000000h



Bit
Description

31:16
Read:

Read Data from the AC’97 Codec

Write:

Reserved

15
AC’97 Read Command/Status Bit

Read:

0 = Ready to read the AC’97 Codec Register; Last Read cycle completed

1 = Busy reading AC’97 Codec (indexed by bits [6:0])

Write:

0 = Do Nothing

1 = Read AC’97 Codec register (indexed by bits [6:0]) with bits [31:16]

14:7
Reserved

6:0
Index of the AC’97 Codec register to be read

3.5.3.3 DX ACR2
AC’97 Command/Status Register

I/O Port
Size
Access
Default

AudioBase + 48h
32-bits
Read/Write
00000000h



Bit
Description

31:7
Reserved – Always write 0’s

6
SoundBlaster Control

0 = Generate Interrupt when recording block length expired

1 = Don’t generate Interrupt when recording block length expired

5
0 = 48kHz signal will always be passed to Wave Engine

1 = 48kHz signal will only be passed with there is an active channel (out or in)

4
Read Only

0 = AC’97 is not ready for operation

1 = AC’97 is not ready for operation

3
Read Only

0 = Digital Audio Data from the AC’97 ADC is not valid (Record off)

1 = Digital Audio Data from the AC’97 ADC is valid (Record on)

2
Reserved – Always write 0’s

1
0 = Digital Audio Data to the AC’97 DAC is not valid (Playback off)

1 = Digital Audio Data to the AC’97 DAC is valid (Playback on)

0
0 = No “warm” reset

1 = Warm reset AC’97 Codec

3.5.4 NX AC’97 Registers

3.5.4.1 NX ACR0
AC’97 Command/Status Register

I/O Port
Size
Access
Default

AudioBase + 40h
32-bits
Read/Write
1b1b0000h



Bit
Description

31
Secondary AC’97 Codec Power On Control

Read:

0 = Power is Off; Will be cleared by “power control” state machine when AC’97 codec is fully powered off.

1 = Power is On; Will be set by “power control” state machine when AC’97 codec is fully powered on.

Write:

0 = Do nothing

1 = Start “power control” state machine to turn power codec ON

30
Secondary AC’97 Codec Power Off Control

Read:

0 = Power is Off; Will be cleared by “power control” state machine when AC’97 codec is fully powered off.

1 = Power is On; Will be set by “power control” state machine when AC’97 codec is fully powered on.

Write:

0 = Do nothing

1 = Start “power control” state machine to turn power codec OFF

29
RSVD

28
Secondary Codec Digital Link (bitclk) Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

27
Secondary Codec Analog Mixer w/ Vref Off Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

26
Secondary Codec Analog Mixer w/ Vref On Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested (default)

1 = Power off this subsection of the codec when a power down is requested 

25
Secondary Codec DAC Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

24
Secondary Codec ADC Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

23
Primary AC’97 Codec Power On Control

Read:

0 = Power is Off; Will be cleared by “power control” state machine when AC’97 codec is fully powered off.

1 = Power is On; Will be set by “power control” state machine when AC’97 codec is fully powered on.

Write:

0 = Do nothing

1 = Start “power control” state machine to turn power codec ON

22
Primary AC’97 Codec Power Off Control

Read:

0 = Power is Off; Will be cleared by “power control” state machine when AC’97 codec is fully powered off.

1 = Power is On; Will be set by “power control” state machine when AC’97 codec is fully powered on.

Write:

0 = Do nothing

1 = Start “power control” state machine to turn power codec OFF

21
RSVD

20
Primary Codec Digital Link (bitclk) Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

19
Primary Codec Analog Mixer w/ Vref Off Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

18
Primary Codec Analog Mixer w/ Vref On Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested (default)

1 = Power off this subsection of the codec when a power down is requested 

17
Primary Codec DAC Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

16
Primary Codec ADC Auto Power Down Policy

0 = Do not power off this subsection of the codec when a power down is requested

1 = Power off this subsection of the codec when a power down is requested (default)

15:10
RSVD

9
Input Slot 3&4 Data Destination

0 = Primary Codec goes to Legacy Record Engine;

      Secondary Codec goes to PSB Capture (RCI3) Channel

1 = Secondary Codec goes to Legacy Record Engine;

      Primary Codec goes to PSB Capture (RCI3) Channel

8
Reserved: Always write a “0”.

7
Reserved: Always write a “0”.

6
Secondary Codec Status: Read Only

0 = Secondary AC’97 is not ready for operation

1 = Secondary AC’97 is ready for operation

5
Secondary ADC Status: Read Only

0 = Digital Audio Data from the Secondary AC’97 ADC is not valid (Record off)

1 = Digital Audio Data from the Secondary AC’97 ADC is valid (Record on)

4
Output Slot 7&8 Enable

0 = Digital Audio Data to the Slot 7&8 AC’97 DAC is not valid (Playback off)

1 = Digital Audio Data to the Slot 7&8 AC’97 DAC is valid (Playback on)

If ‘1’ (Enabled), Reverb data from mixer goes into this slot.

3
Primary Codec Status: Read Only

0 = Primary AC’97 is not ready for operation

1 = Primary AC’97 is ready for operation

2
Primary ADC Status: Read Only

0 = Digital Audio Data from the Primary AC’97 ADC is not valid (Record off)

1 = Digital Audio Data from the Primary AC’97 ADC is valid (Record on)

1
Output Slot 3&4 Enable

0 = Digital Audio Data to the Slot 3&4 AC’97 DAC is not valid (Playback off)

1 = Digital Audio Data to the Slot 3&4 AC’97 DAC is valid (Playback on)

If ‘1’ (Enabled), Main data from mixer goes into this slot.

0
Warm Reset Control

0 = No “warm” reset

1 = Warm reset AC’97 Codec

3.5.4.2 NX ACR1
Primary & Secondary AC’97 Codec Write Register

I/O Port
Size
Access
Default

AudioBase + 44h
32-bits
Read/Write
00000000h



Bit
Description

31:16
Write Data for the AC’97 Codec

15:12
Reserved = “0000”. Lower nibble write data for future codec operation

11
AC’97 Write Command/Status Bit

Read:

0 = Write has completed; Ready to write the AC’97 Codec register

1 = Busy writing AC’97 Codec (indexed by bits [6:0])

Write:

0 = Do Nothing

1 = Write AC’97 Codec register (indexed by bits [6:0]) with bits [31:16]

10
Reserved

9:8
Codec ID for AC’97 2.0 Codecs

00 = Primary Codec use slot 3 & 4 tag bits (ID field = 00)

01 = Secondary Codec use ID field (slot 3 & 4 tag bits = 0)

10 or 11 = Reserved

7
Reserved

6:0
Index of the AC’97 Codec register to be written

3.5.4.3 NX ACR2
Primary AC’97 Codec Read Register

I/O Port
Size
Access
Default

AudioBase + 48h
32-bits
Read/Write
00000000h



Bit
Description

31:16
Read Only: Read data return by the AC’97 Codec from last read command.

15:12
Reserved = “0000”. Lower nibble read data for future codec operation.

11
AC’97 Read Command/Status Bit

Read:

0 = Ready to read the AC’97 Codec Register; Last Read command sent

1 = Busy sending read command to AC’97 Codec

Write:

0 = Do Nothing

1 = Send read command to AC’97 Codec (indexed by bits [6:0])

10
AC’97 Read Data/Status Bit

Read Only:

0 = Data has been received from previous read (Up to software to keep track of which command this is related to.)

1 = Waiting for data to be received from AC’97 Codec; Read command has been sent or is pending (Wait for Codec data indexed by bits [6:0])



9:8
Codec ID = This is implied to be a “00” for the Primary Codec. Read Only.

7
Reserved = “0”

6:0
Index of the AC’97 Codec register to be read.

3.5.4.4 NX ACR3
Secondary AC’97 Codec Read Register

I/O Port
Size
Access
Default

AudioBase + 4Ch
32-bits
Read/Write
00000000h



Bit
Description

31:16
Read Only: Read data return by the AC’97 Codec from last read command.

15:12
Reserved = “0000”. Lower nibble read data for future codec operation.

11
AC’97 Read Command/Status Bit

Read:

0 = Ready to read the AC’97 Codec Register; Last Read command sent

1 = Busy sending read command to AC’97 Codec

Write:

0 = Do Nothing

1 = Send read command to AC’97 Codec (indexed by bits [6:0])

10
AC’97 Read Data/Status Bit

Read Only:

0 = Data has been received from previous read (Up to software to keep track of which command this is related to.)

1 = Waiting for data to be received from AC’97 Codec; Read command has been sent or is pending (Wait for Codec data indexed by bits [6:0])

9:8
Codec ID = This is implied to be a “01” for the Secondary Codec. Read Only.

7
Reserved = “0”

6:0
Index of the AC’97 Codec register to be read.

3.5.5 Channel Registers

3.5.5.1 START_A Bank A Start Command and Status Register

I/O Port
Size
Access
Default

AudioBase + 80h
32-bits
Read/Write
00000000h



Bit
Description

31:0
Bit [n] = Channel [n]

Read: Channel Status

0 = Stopped

1 = Running

Write: Channel Start

0 = Do Nothing; Doesn’t effect start / running operation

1 = Start Channel (Also sets the Channel status bit)

This register and the STOP_A register are used as Bank A channel start/stop command registers when they are written, and used as channel running/stopped status register when they are read. Bit [n] is for channel [n].

Stopped

When bit [n] is read as ‘0’, it means that any operation of channel [n], including address generation, sample data fetching, interpolation, and envelope calculation is stopped. And this channel has no contribution to the digital mixer. 

This bit will be reset from ‘1’ to ‘0’ in four cases.

1) When a ‘1’ is written to the corresponding bit in register STOP.

2) When out of data, i.e. when sample loop disabled and CSO (Current Sample Offset) >= ESO (End Sample Offset). 

3) When Ec (current envelope) drops down to -63.984375 dB.

4) When current envelope buffer is in delay-stop mode, and EDLY count down to ‘0’.

Running

When bit [n] is read as ‘1’, it means channel [n] is working.

This bit will be set from ‘0’ to ‘1’ only when a ‘1’ is written to the corresponding bit in register START_A.

3.5.5.2 STOP_A Bank A STOP Command and Status register

I/O Port
Size
Access
Default

AudioBase + 84h
32-bits
Read/Write
00000000h



Bit
Description

31:0
Bit [n] = Channel [n]

Read: Channel Status (Same as START_A)

0 = Stopped

1 = Running

Write: Channel Stop

0 = Do Nothing; Doesn’t effect start / running operation

1 = Stop Channel (Also clears the Channel status bit)

3.5.5.3 AIN_A Bank A Address Engine Interrupt Register

I/O Port
Size
Access
Default

AudioBase + 98h
32-bits
Read/Write
00000000h



Bit
Description

31:0
Address Engine Interrupts; Bit [n] = Channel [n]; Any bit [n] that changes from a ‘0’ to a ‘1’ (rising edge) with result in and IRQ, if enabled.

Read: Address Engine Channel Interrupt Status

0 = No Interrupt

1 = Interrupt

This bit will be set in 2 cases:

When CSO (current sample offset) >= ESO (end sample offset), and ENDLP_IE (end of loop INT enable bit in Global Control register) =1 and AINTEN_A bit n is set 1 for channel n.

When CSO (current sample offset) >= ESO/2 (middle of ESO), and MIDLP_IE (middle of loop INT enable bit in Global Control register) =1 and AINTEN_A bit n is set 1 for channel n.

Write: (Write ‘1’ to clear)

0 = Do Nothing; Doesn’t change

1 = Reset bit to ‘0’

3.5.5.4 LFO_A & GC & CIR: Bank A Low Frequency Oscillator & Global Control & Channel Index

I/O Port
Size
Access
Default

AudioBase + A0h
32-bits
Read/Write
00000000h



Bit
Description

31:30
Operation Control when recording to mono sample.

00 = left

01 = right

10 = (left+right+1)/2

11= reserved.

29:28
Reserved

27
Reserved

26
Reserved

25:24
Reserved

23:16
Reserved

15
Reserved

14
Reserved

13
Reserved

12
ENDLP_IE is the INT enable bit for end of loop.

0 = disable

1 = enable

11
Reserved

10
Reserved

9
Reserved

8
Reserved

7
PSB RAM Test Enable

0 = Normal – test mode disabled; E0-ECh address their defined space

1 = Test Mode; E0-ECh address the 4 Dwords/Channel of PCI Stream Buffering; CIR is still used as the channel index

6
Reserved

5:0
Channel Index: This is used to select a channel for access. For Bank A, 00h selects channel 0 and 1Fh selects channel 31. For Bank B, 20h selects channel 32 and 3F selects channel 63.

3.5.5.5 AINTEN_A Bank A Address Engine Interrupt Enable Control

I/O Port
Size
Access
Default

AudioBase + A4h
32-bits
Read/Write
00000000h



Bit
Description

31:0
Address Engine Channel Interrupt Enable; Bit [n] = Channel [n]

0 = Disable address engine interrupt for channel [n]

1 = Enable address engine interrupt for channel [n]

3.5.5.6 MUSICVOL & WAVEVOL: Global Music Volume Control & Global Wave Volume Control

I/O Port
Size
Access
Default

AudioBase + A8h
32-bits
Read/Write
00008080h



Bit
Description

31:24
Music Right Volume (format of 6.2)

0
0dB (no attenuation)

FEh
-63.5dB 

FFh
Mute (NX)

FFh
-64dB (DX)

23:16
Music Left Volume (format of 6.2)

0
0dB (no attenuation)

FEh
-63.5dB 

FFh
Mute (NX)

FFh
-64dB (DX)

15:8
Wave Right Volume (format of 6.2)

0
0dB (no attenuation)

FEh
-63.5dB 

FFh
Mute (NX)

FFh
-64dB (DX)

7:0
Wave Left Volume (format of 6.2)

0
0dB (no attenuation)

FEh
-63.5dB 

FFh
Mute (NX)

FFh
-64dB (DX)

3.5.5.7 SBDELTA & DELTA_R: Sample Change Step for Legacy Sound Blaster Voice In/Out & Sample change step for recording

I/O Port
Size
Access
Default

AudioBase + ACh
32-bits
Read/Write
00000000h



Bit
Description

31:16
Reserved

15:0
Delta Change Step for Legacy Playback/Record (format of 4.12)

3.5.5.8 MISCINT Recording/Playback Underrun/Recording Overrun Interrupt Register

I/O Port
Size
Access
Default

AudioBase + B0h
32-bits
Read/Write
00000000h



Bit
Description

31:18
Reserved (0’s)

17
Reserved

16
Reserved

15:12
Reserved

11
Mixer_overflow_flag is a flag which indicates the result of mixer accumulator exceeds 7FFFFh.

This bit will be set to ‘1’ once accumulator overflows.

Write ‘1’ will clear this bit.

10
Mixer_underflow_flag is a flag which indicates that the result of mixer accumulator is less than 80000h.

This bit will be set to ‘1’ once accumulator underflows.

Write ‘1’ will clear this bit.

9
REC_OVERUN is recording overrun status bit. Active high.

This bit will be set to ‘1’ if the recording is running & rec_req_ is active & data_rdy is not active.

8
PB_UNDERUN is the playback FIFO underrun status bit. Active high.

This bit will be set to ‘1’ if playback is running & the FIFO is empty & the 48kHz clock is coming.

6
ENVELOPE_IRQ is the Wave-table Envelope Engine IRQ bit. Active high. Read Only.

Bit[6] = | EINT[31:0]

5
ADDRESS_IRQ is the Wave-table Address Engine IRQ bit. Active high. Read Only.

Bit[5] = (| AINT_A[31:0] ) | (|AINT_B[31:0])

4
OPL3_IRQ is the legacy OPL3 IRQ bit. Active high. Read Only.

Bit[4] = timerirq          (signal from Legacy Audio block)

3
MPU401_IRQ is the MPU401 IRQ bit. Active high. Read Only.

Bit[3] = mpu401irq    (signal from Legacy Audio block)

2
SB_IRQ is the SoundBlaster IRQ bit. Active high. Read Only.

Bit[2] = sbirq            (signal from Legacy Audio block)

1
REC_OVERUN_IRQ) is recording overrun IRQ bit. Active high. Read Only. Bit[1] = OVERUN_IE & Bit[9]

0
PB_UNDERUN_IRQ is playback FIFO underrun IRQ bit. Active high. Read Only.

Bit[0] = UNDERUN_IE & Bit[8]

Bits [6:0] (read only) are the interrupt request bits. All of these six bits form signal AUDIO_INT.

AUDIO_INT = 
PB_UNDERUN_IRQ | REC_OVERUN_IRQ | SB_IRQ | MPU401_IRQ |

OPL3_IRQ | ADDRESS_IRQ | ENVELOPE_IRQ 

3.5.5.9 START_B Bank B Start Command and Status Register

I/O Port
Size
Access
Default

AudioBase + B4h
32-bits
Read/Write
00000000h



Bit
Description

31:0
Bit [n] = Channel [n]

Read: Channel Status

0 = Stopped

1 = Running

Write: Channel Start

0 = Do Nothing; Doesn’t effect start / running operation

1 = Start Channel (Also sets the Channel status bit)

This register and the STOP_B register are used as Bank B channel start/stop command registers when they are written, and used as channel running/stopped status register when they are read. Bit [n] is for channel [n].

Stopped

When bit [n] is read as ‘0’, it means that any operation of channel [n], including address generation, sample data fetching, interpolation, and envelope calculation is stopped. And this channel has no contribution to the digital mixer.

This bit will be reset from ‘1’ to ‘0’ in four cases.

1) When a ‘1’ is written to the corresponding bit in register STOP.

2) When out of data, i.e. when sample loop disabled and CSO (Current Sample Offset) >= ESO (End Sample Offset). 

3) When Ec (current envelope) drops down to -63.984375 dB.

4) When current envelope buffer is in delay-stop mode, and EDLY count down to ‘0’.

Running

When bit [n] is read as ‘1’, it means channel [n] is working.

This bit will be set from ‘0’ to ‘1’ only when a ‘1’ is written to the corresponding bit in register START_B.

3.5.5.10 STOP_B Bank B STOP Command and Status register

I/O Port
Size
Access
Default

AudioBase + B8h
32-bits
Read/Write
00000000h



Bit
Description

31:0
Bit [n] = Channel [n]

Read: Channel Status (Same as START_B)

0 = Stopped

1 = Running

Write: Channel Stop

0 = Do Nothing; Doesn’t effect start / running operation

1 = Stop Channel (Also clears the Channel status bit)

3.5.5.11 SBBL & SBCL: SoundBlaster DMA Base Length & SoundBlaster DMA Current Length

I/O Port
Size
Access
Default

AudioBase + C0h
32-bits
Read/Write
00000000h



Bit
Description

31:16
SBBL: SoundBlaster DMA block length

15:0
SBCL: Current value of the SoundBlaster DMA block length counter

If SoundBlaster DMA loop is enabled (SBCTRL[3]=1), every time when SBCL changed from 0 to FFFFh, a INT will be issued, the contents of SBCL is reloaded from SBBL, and DMA operation continues.

If sound blaster DMA loop is not enabled (SBCTRL[3]=0), every time when SBCL changed from 0 to FFFFh, a INT will be issued, the contents of SBCL is reloaded from SBBL, and set LegacyCMD to 101(pause).

SBCTRL bit 7 is used to determine the counter operation mode (byte count or word count). The counter is a count down counter.

3.5.5.12 SBCTRL & SBE2R & SBDD: SoundBlaster Control & SoundBlaster DMA Testing Byte Data & SoundBlaster Direct Playback Data

I/O Port
Size
Access
Default

AudioBase + C4h
32-bits
Read/Write
00000000h



Bit
Description

31:24
SBE2R is the SoundBlaster DMA testing byte command data port (write only).

Any time after bits [31:24] have been written, E2Status (source from wave engine) will be set high. E2Status will be cleared after the testing byte has been sent to the system location.

23:16
Reserved

15:8
SBDD is the SoundBlaster direct mode playback data port.

7
0 = 8 bit data format

1 = 16 bit data format

6
0 = mono

1 = stereo

5
0 = unsigned data format

1 = signed data format

4
0 = playback

1 = recording

3
SoundBlaster DMA loop enable control

0 = loop disabled.

1 = loop enabled

2:0
LegacyCMD

000 = stop: No any operation. No contribution to Digital Mixer


001 = run: Normal operation.

010 = silent_DMA: SBCL will count; CA, CBC won’t count. No data fetching. No interpolation. No contribution to Digital Mixer

011 = reserved

100 = silent_SB: SBCL, CA & CBC will count as the same as run mode. No data fetching. No interpolation. No contribution to Digital Mixer

101 = pause: SBCL, CA & CBC don’t change. Let SBALPHA unchanged, CACHE_HIT=1; drive current LD (or LD_L, LD_R) to Digital Mixer

110 = reserved

111 = Direct_playback: SBCL, CA & CBC don’t change. Drive SBDD to Digital Mixer

3.5.5.13 AIN_B Bank B Address Engine Interrupt Register

I/O Port
Size
Access
Default

AudioBase + D8h
32-bits
Read/Write
00000000h



Bit
Description

31:0
Address Engine Interrupts; Bit [n] = Channel [n]; Any bit [n] that changes from a ‘0’ to a ‘1’ (rising edge) with result in and IRQ, if enabled.

Read: Address Engine Channel Interrupt Status

0 = No Interrupt

1 = Interrupt

This bit will be set in 2 cases:

When CSO (current sample offset) >= ESO (end sample offset), and ENDLP_IE (end of loop INT enable bit in Global Control register) =1 and AINTEN_B bit n is set 1 for channel n.

When CSO (current sample offset) >= ESO/2 (middle of ESO), and MIDLP_IE (middle of loop INT enable bit in Global Control register) =1 and AINTEN_B bit n is set 1 for channel n.

Write: (Write ‘1’ to clear)

0 = Do Nothing; Doesn’t change

1 = Reset bit to ‘0’

3.5.5.14 AINTEN_B

I/O Port
Size
Access
Default

AudioBase + DCh
32-bits
Read/Write
00000000h



Bit
Description

31:0
Address Engine Channel Interrupt Enable; Bit [n] = Channel [n]

0 = Disable address engine interrupt for channel [n]

1 = Enable address engine interrupt for channel [n]

3.5.6 DX Indexed Channel Registers

There are 64 independent voice channels. The first 32 voice channels are designated Bank A. The second 32 voice channels are designated Bank B. Every voice channel has it’s own parameter register set. Bank A and Bank B parameters differ. These 64 register sets will share the same I/O space. The global register CIR is used to select the current accessible channel.

3.5.6.1 CSO & ALPHA & FMS: Current Sample Offset & Sample Interpolation Coefficient & Frequency Modulation Step (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + E0h
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31:16
CSO is the offset of current sample relative to loop begin sample

16:4
ALPHA is sample interpolation coefficient, which stands for the linear interpolation ratio between current sample and the next one.

3:0
FMS is Frequency Modulation Step.

3.5.6.2 PPTR & LBA: PSB Pointer & Loop Begin Address (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + E4h
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31:30
PCI Stream Buffer address pointer; This is used by the hardware to store the current pointer location into each channels 4-Dword stream buffer. It can be ignored by software.

29:0
Linear address of the loop begin sample. Bit 0 will always be zero in 16-bit sample data mode. The MSB 2-bits [31:30] of the 32-bit LBA address are always 00b. This limits the addressable range to the lower 1GB of physical address space.

3.5.6.3 ESO & DELTA: End Sample Offset &  Delta Sample Rate Ratio (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + E8h
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31:16
ESO is the offset of loop end sample relative to loop begin sample.

15:0
DELTA is sample change step in format 4.12  (four bits integer, 12 bits fraction), which stands for the frequency ratio: Fs/48KHz, while Fs is the sum of sample rate and pitch shifting rate.

3.5.6.4 FMC & RVOL & CVOL: FM Control, Reverb Volume & Chorus Volume (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + ECh
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31:16
Reserved.

15:14
Reserved – Always write “11”. (Used to be FMC)

13:7
RVOL
-- Reverb send volume

format: 5.2,    (0- -32dB) 7Fh as mute

6:0
CVOL
-- Chorus send volume

format: 5.2,    (0- -32dB) 7Fh as mute

3.5.6.5 GVSEL & PAN & VOL & CTRL & Ec: Global Volume Select & Positioning Attenuation & Volume Attenuation & Control & Current Envelope (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + F0h
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31
GVSEL is global volume select bit.

0 = select MUSICVOL

1 = select WAVEVOL

30
PAN Control - Positioning attenuation control selects attenuated channel. 

0 = left

1 = right

29:24
PAN Volume - Positioning attenuation value in format of 4.2.  Special value is 3Fh, which means mute.

23:16
VOL is channel volume attenuation in format of 5.3.  00h stands for 0 dB attenuation, FEh stands for -31.875 dB attenuation. FFh stands for Mute.

15
Selects 8/16 bit sample data

0 = 8-bit data

1 = 16-bit data

14
Selects mono/stereo sample data

0 = mono

1 = stereo

13
Selects unsigned/signed sample data

0 = unsigned

1 = signed

12
Loop mode enable bit.

0 = disable

1 = enable

11:0
Ec is current envelope in format of 6.6 (Six bits integer and six bits fraction).

000h stands for 0dB, FFFh stands for -63.984375 dB.

Note: Ec for Bank A is controlled by EBUF1 or EBUF2. Ec for Bank B is static (does not inc/dec per sample period) and is used for better volume control.

3.5.7 NX Indexed Channel Registers

There are 64 independent voice channels. The first 32 voice channels are designated Bank A. The second 32 voice channels are designated Bank B. Every voice channel has it’s own parameter register set. Bank A and Bank B parameters differ. These 64 register sets will share the same I/O space. The global register CIR is used to select the current accessible channel.
3.5.7.1 DELTA & CSO: Delta Sample Rate Ratio (LSB) & Current Sample Offset (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + E0h
32-bits
Read/Write
xxxxxxxxh



Bit
Description




31:24
LSB of DELTA[7:0]: DELTA is sample change step in format 4.12  (four bits integer, 12 bits fraction), which stands for the frequency ratio: Fs/48KHz, while Fs is the sum of sample rate and pitch shifting rate.

23:0
CSO is the offset of current sample relative to loop begin sample

3.5.7.2 PPTR & LBA: PSB Pointer & Loop Begin Address (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + E4h
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31:30
PCI Stream Buffer address pointer; This is used by the hardware to store the current pointer location into each channel’s 4-Dword stream buffer. It can be ignored by software.

29:0
Linear address of the loop begin sample. Bit 0 will always be zero in 16-bit sample data mode. When in scatter-gather mode (TLB is enabled), bits [31:24] are ignored

3.5.7.3 DELTA & ESO: Delta Sample Rate Ratio (MSB) & End Sample Offset (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + E8h
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31:24
MSB of DELTA[15:8]: DELTA is sample change step in format 4.12  (four bits integer, 12 bits fraction), which stands for the frequency ratio: Fs/48KHz, while Fs is the sum of sample rate and pitch shifting rate.

23:0
ESO is the offset of loop end sample relative to loop begin sample.

3.5.7.4 ALPHA & FMS & FMC & RVOL & CVOL: Alpha, FM Step, FM Control, Reverb Volume & Chorus Volume (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + ECh
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31:20
ALPHA is sample interpolation coefficient, which stands for the linear interpolation ratio between current sample and the next one.

19:16
FMS is Frequency Modulation Step.

15:14
FMC - FM Control

00 = (FMS*SIN) >> 3

01 = (FMS*SIN) >> 2

10 = (FMS*SIN) >> 1

11 = (FMS*SIN) >> 0

13:7
RVOL
-- Reverb send volume

format: 5.2,    (0- -31.5dB) 7Fh as mute

6:0
CVOL
-- Chorus send volume

format: 5.2,    (0- -31.5dB) 7Fh as mute

3.5.7.5 GVSEL & PAN & VOL & CTRL & Ec: Global Volume Select & Positioning Attenuation & Volume Attenuation & Control & Current Envelope (Bank A & B)

I/O Port
Size
Access
Default

AudioBase + F0h
32-bits
Read/Write
xxxxxxxxh



Bit
Description

31
GVSEL is global volume select bit.

0 = select MUSICVOL

1 = select WAVEVOL

30
PAN Control - Positioning attenuation control selects attenuated channel. 

0 = left

1 = right

29:24
PAN Volume - Positioning attenuation value in format of 4.2.  Special value is 3Fh, which means mute.

23:16
VOL is channel volume attenuation in format of 5.3.  00h stands for 0 dB attenuation, FEh stands for -31.875 dB attenuation. FFh stands for Mute.

15
Selects 8/16 bit sample data

0 = 8-bit data

1 = 16-bit data

14
Selects mono/stereo sample data

0 = mono

1 = stereo

13
Selects unsigned/signed sample data

0 = unsigned

1 = signed

12
Loop mode enable bit.

0 = disable

1 = enable

11:0
Ec is current envelope in format of 6.6 (Six bits integer and six bits fraction).

000h stands for 0dB, FFFh stands for -63.984375 dB.

Note: Ec for Bank A is controlled by EBUF1 or EBUF2. Ec for Bank B is static (does not inc/dec per sample period) and is used for better volume control.
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