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This document describes the OPB_AC97 core developed to support the National LM4549A AC97 Codec. The AC97 controller contained in this core provides a register-based interface to the serial AC97 protocol. 
This core is a slave opb device that must be controlled directly by a host processor.



Generics

	Name
	Default
	Function

	C_OPB_AWIDTH
	32
	OPB Address Bus Width

	C_OPB_DWIDTH
	32
	OPB Data Bus Width

	C_BASEADDR
	FFFF_8000
	Valid OPB Base Address

	C_HIGHADDR
	FFFF_80FF
	Valid OPB High Address

	C_PLAYBACK
	1
	Indicates whether the core supports audio playback. When disabled, the playback FIFOs and control are not included to reduce the resource requirements

	C_RECORD
	1
	Indicates whether the core supports audio record. When disabled, the record FIFOs and control are not included to reduce the resource requirements

	C_INTR_LEVEL
	1
	Indicates the function of the interrupt signal. Several interrupt modes are supported:

0: No interrupt supported

1: Interrupt generated when FIFO empty

2: Interrupt generated when FIFO half empty

3: Interrupt generated when FIFO half full

4: Interrupt generated when FIFO full

	C_USE_BRAM
	1
	Use Block RAMs for audio FIFOs. One block ram is used for the playback and the other is used for the record. If this parameter is set to 0 shallow SRL FIFOs will be used instead (SRL support has not been supported). 


Ports
	Name
	Function

	OPB_*
	OPB Bus Interface

	Sln_*
	Slave OPB Bus Interface

	Interrupt
	AC97 core interrupt

	Bit_Clk
	

	Sync
	

	SData_Out
	

	SData_In
	

	AC97Reset_n
	


Register Interface

	Offset
	Read
	Write

	0x0
	Out FIFO
	In FIFO

	0x4
	Status
	Control

	0x8
	AC97 Register Data (Read)
	AC97 Register Data (Write)

	0xC
	Reserved (Debug)
	AC97 Control Command


Read Register Interface

OUT FIFO (0x0)

This register is used to read the contents of the OUT (record) FIFO. The status of the FIFO should be checked to insure that a read will not cause an underrun. Each sample includes both the right and left channel. 
	Bit Offset
	Name
	Function

	16-31 
	PCM Left
	Left channel PCM record data

	0-15
	PCM Right
	Right channel PCM record data


Status Register (0x4)
The status register provides the current status of the AC97 controller. 
	Bit Offset
	Name
	Function

	31 (lsb)
	IN FIFO Full
	Indicates that the IN FIFO (play FIFO) is full. Data should not be written to the FIFO when full (this will over write existing data) 

	30
	IN FIFO Empty
	Indicates that the IN FIFO (play FIFO) is empty. If no new data is written to the FIFO, the controller will continue to sequence “stale” data in the FIFO resulting in a FIFO underrun.

	29
	OUT FIFO Full
	Indicates that the OUT FIFO (record FIFO) is full. The record data should be read before the next sample to avoid FIFO overflow. If the data is not read out of the FIFO, the controller will replace existing data with new recorded PCM samples.

	28
	OUT FIFO Empty
	Indicates that the OUT FIFO (record FIFO) is empy. The controller has a complete empty FIFO to place new recorded PCM samples.

	27
	AC97 Register Access BUSY
	Indicates that the controller interface to the AC97 codec registers is busy. No new AC97 codec register accesses should be initiated while the interface is busy. Further, the result of a AC97 codec register access is not complete until this signal is asserted. 

	26
	AC97 Codec READY
	Indicates that the AC97 codec is ready. The codec should not be used until this status bit is asserted. This signal is generated by the AC97 codec (slot 0, bit 15).

	25
	IN FIFO Underrun
	Indicates that the IN FIFO (play FIFO) has underrun. The FIFOs should be reset before using them again.

	24
	OUT FIFO Overrun
	Indicates that the OUT FIFO (record FIFO) has overrun. The FIFOs should be reset before using them again.

	23
	AC97 Register Access ERROR
	Indicates that the previous AC97 register access command ended with an error. This will occur if the AC97 codec is not properly attached or malfunctioning. This status bit should be checked after every register access command

	20-22
	Reserved
	

	10-19
	IN FIFO level
	Indicates the current number of samples in the IN FIFO. This is only valid when IN FIFO Underrun is not asserted

	0-9
	OUT FIFO level
	Indicates the current number of samples in the OUT FIFO. This is only valid when OUT FIFO Overrun is not asserted


AC97 Register Data (0x8)

This register is used to read the results of an AC97 register read operation. This register will contain the 16-bit word returned by the AC97 codec. The value in this register is not guaranteed to be valid until the AC97 Register Access BUSY bit is cleared (i.e. the register interface is not busy).

The AC97 register read value will be held until a new AC97 read occurs. Consult the AC97 register interface documents to learn more about the AC97 register interface.

	Bit Offset
	Name
	Function

	16-31 
	AC97 Register
	Results of the previous AC97

	0-15
	Unused
	


Debug (0xc)

This register contains controller debug information. The contents of this register are not defined.
Write Register Interface

IN FIFO (0x0)

This register is used to write new PCM samples to the controller (i.e. play samples). The status of the FIFO should be checked to insure that a read will not cause an overflow. Each sample includes both the right and left channel. 

	Bit Offset
	Name
	Function

	16-31 
	PCM Left
	Left channel PCM play data

	0-15
	PCM Right
	Right channel PCM play data


Control Register (0x4)

This register is used to control the operation of the FIFOs and interrupt behavior of the controller.

	Bit Offset
	Name
	Function

	31 (lsb)
	Clear IN FIFO
	This control bit will clear the counters in the IN FIFO. This will also reset any IN FIFO error status bits. Any data in the IN FIFO will be overwritten and ignored. This control bit is a one-shot signal and does not need to be rewritten to return the signal to 0.

	30
	Clear OUT FIFO
	This control bit will clear the counters in the OUT FIFO. This will also reset any OUT FIFO error status bits. Any data in the OUT FIFO will be overwritten and ignored. This control bit is a one-shot signal and does not need to be rewritten to return the signal to 0.

	29
	IN Int. Enable
	This control bit will enable interrupts on the IN FIFO.

	28
	OUT Int. Enable
	This control bit will enable interrupts on the OUT FIFO.

	27
	AC97 Reset
	This control bit will assert the AC97_Reset_n signal to the AC97 codec. The AC97 codec should be reset before beginning operation. The value of this bit will be held until reset by a subsequent write to the control register (this allows the program to control the AC97 reset time).


AC97 Register Data (0x8)

This register is used to write data to the AC97 register interface. Writing to this register does not initiate an AC97 register transfer. Writing to this register must be followed by a write to the AC97 Control Command register. 

	Bit Offset
	Name
	Function

	16-31 
	AC97 Register
	Data to write into the AC97 register interface

	0-15
	Unused
	


AC97 Control Command (0xC)

This register is used to initiate a register transfer operation on the AC97 codec. A register operation will be initiated each time this register is written. The AC97 register access BUSY status bit should be monitored to identify the completion of the register transfer. The AC97 register error bit will indicate if the register transfer failed.

	Bit Offset
	Name
	Function

	25-31
	AC97 Register
	The 7-bit AC97 Codec register address to read or write to.

	24
	AC97 Register
Read
	This bit indicates whether a read or write operation will occur. A ‘1’ corresponds to a read operation and a ‘0’ corresponds to a write operation.

	0-23
	Unused
	


Future Enhancements

· Provide additional GPIO for PCBeep and other digital signals

· Configurable SRL FIFO depth

· Bus master support (burst transfers)

· Provide time-outs on register transfer state machine

· Check for AC97 clock (see if it is active)
�I could put in a block diagram of the core.





