PCI Target/Master (01:014)

Introduction
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The PCI Master/Target interface implements a PCI bridge between the PCI bus and the AMBA bus. The unit is fully clock independent, and operates at any clock speeds on the AMBA- and PCI bus. The unit supports single and burst accesses for both master and target functionality. Read/Write data is buffered in a FIFO, which is depth user configurable.

Operation

Target PCI 

The target interface can be accessed using either single or burst accesses. Only linear incremental bursts are supported, why AD(1:0) must be "00" during the address cycle of an memory access. For read operations, the target unit behaves different, depending of the PCI command used by the accessing master, as below:

· Memory Read: The unit makes no prefetching, causing a single word response. 

· Memory Read Line: The unit prefetches data according to what is written in the targets cache line size register. 

· Memory Read Multiple: The unit performs maximum prefetching. This can cause long response time, depending of the user defined FIFO depth. 

For write commands, the unit treats the Memory Write and Memory Write and Invalidate commands similar, and both can be used for burst operation.

Responses

The target can response any of the specified responses, depending of the target status. A brief overview of the abnormal response causes is listed below:

· Retry: This response indicates that the master should perform the same request later, while the target is temporarily busy. This response is always given at least one time for read accesses, but can also occur for write accesses

· Disconnect with data: Indicates that the target will accept one more data transaction, but no more. This occurs if the master tries to read more data than the target has prefetched. 

· Disconnect without data: Indicates that the target is unable to accept more data. This occurs if the master tries to write more data than the target can buffer. 

· Target-Abort: Indicates that the current access caused an internal error, and the target never will be able to finish it. 

PCI Configuration

The target can only be configured to handle memory space accesses. This option must be enabled in the Command Register in the configuration space header before accessing the target using memory read/write commands. Also can the master functionality be disabled/enabled if writing to the Bus Master space in the Command Register.

Two Base Address Registers (BAR0 and BAR1) can be configured by a system controller. Each BAR can be size configured and is combined with an internal memory map register (PAGE). This PAGE will represent the MSB bits of the AMBA address, and combined with the PCI LSB bits create the complete AMBA address. PAGE0 is configured by an external master on the PCI bus, while PAGE1 is configured internally by the on-chip processor. The lower half of the memory area covered by BAR0 is translated to an AHB address by concatenating the LSB in the PCI address with the PAGE0 register. Any access to the upper half of BAR0 will access the PAGE0 register. Note that only PCI commands Memory Write and Memory Read are valid when accessing the PAGE0 register. The PAGE1 register is configured internally, why the entire area covered by BAR1 will be translated to an AHB address. To access the PAGE1 register, please refer to the section 'AHB configuration'.

Target AHB Master

The backend interface on the AMBA bus is an AHB Master capable of generating bursts. The only burst operation supported is incremental burst of unspecified length, and is used in both read and write accesses. 

As in the previous section, prefetching of read data is dependant of the PCI command received by the target. For the ’memory read line’ and ‘memory read multiple’ commands, the AHB master tries to perform burst reads on the AHB bus. If the destination unit on the AHB bus is not capable of generating bursts, the master will read the data one by one until enough data is received. The command ‘memory read’ can be configured by a VHDL generic to do prefetch on request or just read a single word. In the prefetch mode, the target will prefetch a cache line, similar as the ‘memory read line’ command. 

The commands ‘memory write’ or ‘memory write and invalidate’ are similarly handled, and perform a burst write of the written amount of data to the destination.
The AHB master can burst any amount of data in one continuous burst up to a limit of 1kB, as specified in the AMBA documentation (ref. AMBA spec. rev.2.0). If the master whishes to transfer more data, it will generate one idle-cycle on the bus before starting next burst block of data, and release the bus for any other master on the AHB bus.  Note that this is an autonomous process, independent of what was originally requested by the PCI bus. If a 1kB limit is crossed within a PCI burst access, this is not visible on the PCI bus. This gives an easy high trough-put performance of the PCI target. 

If a read or write request is terminated by a destination AHB slave with a ‘retry’ response, the request is retried until an ‘okay’ or ‘error’ response is received.

If a read request was terminated on the AHB bus with an ‘error’ response, this will result in a ‘target abort’ on the PCI, indicating that the request was aborted due to an error. If a write request was terminated with ‘error’, a status bit is set in the core. There will be no error indication on the PCI bus in this case, because written data is posted to the target.

PCI Master

The master unit is optional in this package, and can be deselected and not implemented by setting the generic value of master to '0'. It is accessed through an AHB slave interface and can handle both single- and burst memory accesses, and also generating configuration cycles to work as a system controller. 

Memory accesses

The Master unit occupies 256MB of address space on the AHB bus. To access memory located on the PCI bus, a PCI memory map register is located on the AMBA APB bus (ref AHB configuration), to form the MSB bits of the PCI address. For burst accesses, only linear-incremental mode is supported and is directly translated from the AMBA commands. The byte-enables on the PCI bus are translated from the HSIZE control AHB signal. Note that only WORD, HALF-WORD and BYTE values of HSIZE are valid.

	HSIZE
	Data size
	Corresponding BE

	“00”
	Byte
	“1110”

	“01”
	Half-word
	“1100”

	“10”
	Word
	“0000”

	“11”
	Dword(not supported)
	“1111”


The data is aligned towards the LSB end of the bus, that is, a request with HZISE =”00” will be forwarded to the PCI bus with valid data on data lines 7:0.

When bursting to/from PCI, the PCI AHB slave supports only incremental burst of unspecified length. All other burst types are not supported. The signal HBURST is directly interpreted to make single or burst accesses on the PCI bus. Especially for a read transaction, the response will be a single word when indicating ‘single word’ in HBURST. If the read request was a burst, the number of words replied could vary from a single word (i.e. the target PCI only supports single accesses), up to an entire buffer length. Even though a burst access over a 1kB address boundary is forbidden in the AMBA standard, this boundary is not significant for the PCI core, and therefore ignored.

The PCI commands that are generated by the master are directly dependant of the AMBA transfer type and the command type register (ref AHB configuration). For read accesses, a single access will always use the Memory Read command, while a burst read access would use either the Memory Read Line or Memory Read Multiple, depending of what is written in the command type register. When reading the PCI master, the accessing AHB master must perform retry operations until it receives either 'OK' or 'ERROR'. If the accessing AHB master disconnects a PCI read before all data is read, the internal buffer is flushed, and the transfer must be remade.

The write access command will only be dependant of the value in the command type register. The only limit for a single write burst to the PCI master, is the internal FIFO depth. 

All accesses must begin with a ‘Non-Sequential’ transfer. Burst transfers are continued by using ‘Sequential’ or ‘Busy’ transfers. All burst transfers are terminated when inserting an ‘Idle’ cycle or another ‘Non-Sequential’ cycle. Two examples of valid continuous bursts are shown in Figure 1. If the request was terminated with a ‘Retry’ response, the AHB master must always repeat the same request again, until the AHB slave replies it with an ‘Error’ or ‘OK’ response. 
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Figure 1: Valid burst transfers.


The AHB slave can only be accessed by one master at a time, and no new access can be started prior to finishing the last access. During a ‘read’ access the AHB slave will be locked and give a 'RETRY' response to any access request. When done, the AHB slave will either respond 'OK' together with read data, or respond 'ERROR' if the requested access wasn't successful. Note that 'RETRY' responses on the PCI bus are not transparent, and will automatically be retried by the master PCI interface until the transfer is either finished or aborted. 

I/O accesses

The master occupies 128kB of space on the AHB bus for I/O accesses. The lower 64kB of these are mapped through the I/O map register and forwarded as an I/O access on the PCI bus. The upper 64kB are used for configuration cycles (see below). Note that only single I/O transfers are supported. 

Configuration accesses

The master is capable of performing configuration cycles on the PCI bus by accessing 64k of I/O space on the AMBA bus. The total I/O space occupied by the master is 128kB, why an access to the upper 64kB will form the PCI configuration address. This configuration address contains three areas of information: device number, function number and register number. The device number is decoded by the master to generate one of 21 chip select, based on the 21 MSB in the configuration address. The function- and register number are device dependant, and decoded by the selected unit. For detailed information, see the registers description section.

Host target configuration

To configure the host target, a special type of configuration cycle has to be done. While no IDSEL signal is connected to the host target, this signal is internally generated. To avoid conflicts with other devices, this signal is only generated if the target is system host and the device number is 0, when no other unit possibly present on the bus is selected. Note that if the PCI master is system host, its bus master capability bit in the PCI configuration space is enabled at reset. This bit must not be disabled in such environment, because only a system host can re-enable it.

Configuration options
The PCI Target/Master has the following vendor/device id: 01:014
The PCI Master/Target has the following configuration options (VHDL generics):

	Generics
	Description
	Range
	Default

	memtech
	The memory technology used for the FIFO instantiation
	system specific
	0

	mstndx
	The AMBA master index for the target backend AHB master interface.
	0 – NAHBMST-1
	0

	dmamst
	The AMBA master index for the DMA controller, if present. 
This value is used by the PCI core to detect when the DMA 
controller accesses the AHB slave interface.
	0 – NAHBMST
	NAHBMST
(=disabled)

	readpref
	Defines whether the PCI target will prefetch data for a 'memory read' command.
If set, the target prefetches a cache line,
if not set, the target will give a single word response.
	0 – 1
	0

	abits
	The size of BAR0 and PAGE0.
	16 – 28
	21

	dmaabits
	The size of BAR1 and PAGE1.
	16 – 28
	26

	fifodepth
	The size of each FIFO. 
The storage capability will be 2^fifodepth 32-bit words
	min. 3
	5

	device_id
	Specifies the PCI device ID number of the core.
	0 –16#FFE#
	0

	vendor_id
	Specifies the PCI vendor ID number of the core.
	0 - 16#FFF#
	0

	master
	Disables/enables master implementation.
	0 – 1
	1

	slvndx
	The AMBA slave index for the master backend AHB slave interface.
	0 – NAHBSLV-1
	0

	apbndx
	The AMBA APB index for the configuration/status APB interface
	0 - NAPBMAX-1
	0

	apbaddr
	The start address location of the APB interface on the AMBA bus.
	0 - 16#FFF#
	0

	apbmask
	The APB address mask. Defines the size of the APB interface.
	0 - 16#FFF#
	16#FFF#

	memaddr
	The AHB slave start address location.
	0 - 16#FFF#
	16#F00#

	memmask
	The AHB address mask. Defines the size of the AHB slave interface.
	0 - 16#FFF#
	16#F00#

	ioaddr
	The I/O start address location.
	0 - 16#FFF#
	0

	nsync
	The number of clock registers used by each signal that
crosses the clock regions.
	1 – 2
	1


Registers

There are two types of configuration registers that can be accessed when configuring the PCI device. These are PCI configuration registers that are accessed by configuration cycles on the PCI bus, and internal registers that are accessed by the APB bus. The PCI configuration registers details can be found in the PCI specification, however not all registers are implemented. The table below describes those registers that are implemented:

PCI Configuration/Status registers

	Address
	Register

	0x00
	(31:16)(r)
	Device_id: The Device ID(see above) of the core.

	
	(15:0)(r)
	Vendor_id: The Vendor ID(see above) of the core.

	0x04
	(1)(r/w)
	Memory space: Enables/Disables memory space access response.

	
	(2)(r/w)
	Bus master: Enables/Disables the units capability of acting as a bus master. 
Note that this bit has a reset value of '1' when the unit is system host.

	
	(26:25)(r)
	DEVSEL timing: This register is hard-wired to '01' – Medium timing

	
	(27)(r/s)
	Signaled target abort: Set by the target when signaling 'target abort'. 
This is a sticky bit and is reset by writing '1' to its location.

	
	(28)(r/s)
	Received target abort: Set by the master when current transaction is target aborted. 
This is a sticky bit and is reset by writing '1' to its location.

	
	(29)(r/s)
	Received master abort: Set by master when its transaction is terminated by 'master abort'. 
This is a sticky bit and is reset by writing '1' to its location.

	0x08
	(31:8)(r)
	Class Code: This register value is hard-wired to 0x0B4000 (Processor device)

	0x0C
	(15:8)(r/w)
	Latency Counter: The minimum access time in clock-cycles for the master.

	
	(7:0)(r/w)
	Cache Line Size: Cache Line Size: This defines the systems cache line size, 
which also defines the prefetch length 
when using the 'memory read'(1) and 'memory read line' commands.

	0x10
	(31:abits)(r/w)
	BAR0

	0x14
	(31:dmaabits)(r/w)
	BAR1


The two BARs are internally mapped by two PAGE registers. The PAGE0 register, mapping accesses to BAR0, is configured on PCI, by selecting the upper half of the BAR0 space. PAGE1 is configured internally.

PAGE0 map register

	BAR0 & '1'
	(31:abits-1)(r/w)
	PAGE0


AMBA Configuration/Status registers(APB)

	Address  
	Register
	Description

	0x00
	CLS (7:0)(r) 
	Cache Line Size. The system cache line size. See PCI configuration.

	
	CFTO (8)(r)
	Configuration timeout. Received timeout when doing a configuration cycle, 
which usually means that no unit is present at the selected location. 
This bit is read-only, and reset for every configuration cycle.

	
	RCOM (9)(r/w)
	Read command. Defines what PCI command to use for burst read accesses on the PCI bus.
'0' = 'memory read multiple', '1' = 'memory read line'

	
	WCOM (10)(r/w)
	Write command. Defines what PCI command to use for burst write accesses on the PCI bus.
'0' = 'memory write', '1' = 'memory write and invalidate'

	
	MEN (11)(r)
	Memory space. See the representing PCI configuration register.

	
	BMEN (12)(r)
	Bus master. See the representing PCI configuration register.

	
	HOST (13)(r)
	System host. Set if the unit is system host on the PCI bus.

	
	TWERR(14)(r)
	Target write error. Indicates that a write access to the units PCI target resulted in an error.

	
	LTIM(22:15)(r)
	Latency timer. See the representing PCI configuration register.

	
	PCIM(31:28)(r/w)
	PCI map. Map register for direct accesses to the pci bus. 
This represents the 4 MSB of the PCI address.

	0x04
	BAR0(31:abits)(r)
	Current value of BAR0. See the representing PCI configuration register.

	0x08
	PAGE0(31:abits-1)(r)
	Current value of PAGE0. See the representing PCI configuration register.

	0x0C
	BAR1(31:dmaabits)(r)
	Current value of BAR1. See the representing PCI configuration register.

	0x10
	PAGE1(31:dmaabits-1)(r/w)
	Current value of PAGE1. 

	0x14
	IOM(31:16)(r/w)
	I/O map: Map register for I/O accesses on the PCI bus.
This represents the 16 MSB on the PCI bus.


Configuration mapping

By accessing the upper half of the I/O area on the AHB bus(0xFFF & ioaddr & <value>), configuration cycles are generated. The 16 LSB (<value>) are mapped as below:

	Sub-vector
	Description

	(15:11)
	Device number: The encoded value of IDSEL of the access.

	(10:8)
	Function number: The encoded function number for multi-functional devices.

	(7:2)
	Register number: The register offset address.

	(1:0)
	Must be "00"



Signals

The DMA controller has the following signals

	Signal
	Direction
	Description

	Clk
	Input
	Internal clock input

	Rst
	Input
	Internal reset input(active low)

	apbi
	Input
	APB inputs. See APB signal definitions.

	apbo
	Output
	APB outputs. See APB signal definitions

	ahbmi
	Input
	AHB Bus master inputs. See AHB signal definitions.

	ahbmo
	Output
	AHB Bus master outputs. See AHB signal definitions

	ahbsi
	Input
	AHB Bus slave inputs. See AHB signal definitions

	ahbso
	Output
	AHB Bus slave outputs. See AHB signal definitions

	pcii
	Input
	PCI inputs. Clock and reset included. See PCI signal definitions.

	pcio
	Output
	PCI outputs. See PCI signal definitions.


