VMEbus Connector Pin Assignment
and Signal Descriptions Under VME64x
	Pin Assignment for the VMEbus  P1/J1 Connector

	 Pin
	 Row z
	 Row a
	 Row b
	 Row c
	 Row d

	 1
	 MPR
	D00
	BBSY*
	D08
	VPC

	 2
	GND
	D01
	BCLR*
	D09
	GND

	 3
	 MCLK
	D02
	ACFAIL*
	D10
	+V1

	 4
	GND
	D03
	BG0IN*
	D11
	+V2

	 5
	MSD
	D04
	BG0OUT*
	D12
	RsvU

	 6
	GND
	D05
	BG1IN*
	D13
	-V1

	 7
	MMD
	D06
	BG1OUT*
	D14
	-V2

	 8
	GND
	D07
	BG2IN*
	D15
	RsvU

	 9
	 MCTL
	GND
	BG2OUT*
	GND
	GAP*

	 10
	GND
	SYSCLK
	BG3IN*
	SYSFAIL*
	GA0*

	 11
	RESP*
	GND
	BG3OUT*
	BERR*
	GA1*

	 12
	GND
	DS1*
	BR0*
	SYSRESET*
	+3.3V

	 13
	RsvBus
	DS0*
	BR1*
	LWORD*
	GA2*

	 14
	GND
	WRITE*
	BR2*
	AM5
	+3.3V

	 15
	RsvBus
	GND
	BR3*
	A23
	GA3*

	 16
	GND
	DTACK*
	AM0
	A22
	+3.3V

	 17
	RsvBus
	GND
	AM1
	A21
	GA4*

	 18
	GND
	AS*
	AM2
	A20
	+3.3V

	 19
	RsvBus
	GND
	AM3
	A19
	RsvBus

	 20
	GND
	 IACK*
	GND
	A18
	+3.3V

	 21
	RsvBus
	 IACKIN*
	 SERA
	A17
	RsvBus

	 22
	GND
	 IACKOUT*
	 SERB
	A16
	+3.3V

	 23
	RsvBus
	 AM4
	GND
	A15
	RsvBus

	 24
	GND
	A07 
	IRQ7*
	A14
	+3.3V

	 25
	RsvBus
	A06 
	IRQ5*
	A13
	RsvBus

	 26
	GND
	A05
	IRQ5*
	A12
	+3.3V

	 27
	RsvBus
	A04
	IRQ4*
	A11
	LI/I*

	 28
	GND
	A03
	IRQ3*
	A10
	+3.3V

	 29
	RsvBus
	A02
	IRQ2*
	A09
	LI/O*

	 30
	GND
	A01
	IRQ1*
	A08
	+3.3V

	 31
	RsvBus
	 -12 VDC
	+5VSTBY
	+12 VDC
	GND

	 32
	GND
	+5 VDC
	+5 VDC
	+5 VDC
	VPC


Note: (*): indicates active low signal.
Shaded regions indicate new signals defined or redefined under VME64 or VME64x.

 

	Pin Assignment for the VMEbus  P2/J2 Connector

	 Pin
	 Row z
	 Row a
	 Row b
	 Row c
	 Row d

	 1
	 UsrDef
	UsrDef
	+5 VDC
	UsrDef
	 UsrDef

	 2
	GND
	UsrDef
	GND
	UsrDef
	 UsrDef

	 3
	 UsrDef
	UsrDef
	RETRY*
	UsrDef
	 UsrDef

	 4
	GND
	UsrDef
	A24
	UsrDef
	 UsrDef

	 5
	UsrDef
	UsrDef
	A25
	UsrDef
	 UsrDef

	 6
	GND
	UsrDef
	A26
	UsrDef
	 UsrDef

	 7
	UsrDef
	UsrDef
	A27
	UsrDef
	 UsrDef

	 8
	GND
	UsrDef
	A28
	UsrDef
	 UsrDef

	 9
	 UsrDef
	UsrDef
	A29
	UsrDef
	 UsrDef

	 10
	GND
	UsrDef
	A30
	UsrDef
	 UsrDef

	 11
	UsrDef
	UsrDef
	A31
	UsrDef
	 UsrDef

	 12
	GND
	UsrDef
	GND
	UsrDef
	 UsrDef

	 13
	UsrDef
	UsrDef
	+5 VDC
	UsrDef
	 UsrDef

	 14
	GND
	UsrDef
	D16
	UsrDef
	 UsrDef

	 15
	UsrDef
	UsrDef
	D17
	UsrDef
	 UsrDef

	 16
	GND
	UsrDef
	D18
	UsrDef
	 UsrDef

	 17
	UsrDef
	UsrDef
	D19
	UsrDef
	 UsrDef

	 18
	GND
	UsrDef
	D20
	UsrDef
	 UsrDef

	 19
	UsrDef
	UsrDef
	D21
	UsrDef
	 UsrDef

	 20
	GND
	 UsrDef
	D22
	UsrDef
	 UsrDef

	 21
	UsrDef
	UsrDef
	 D23
	UsrDef
	 UsrDef

	 22
	GND
	UsrDef
	 GND
	UsrDef
	 UsrDef

	 23
	UsrDef
	 UsrDef
	D24
	UsrDef
	 UsrDef

	 24
	GND
	UsrDef
	D25
	UsrDef
	 UsrDef

	 25
	UsrDef
	UsrDef
	D26
	UsrDef
	 UsrDef

	 26
	GND
	UsrDef
	D27
	UsrDef
	 UsrDef

	 27
	UsrDef
	UsrDef
	D28
	UsrDef
	 UsrDef

	 28
	GND
	UsrDef
	D29
	UsrDef
	 UsrDef

	 29
	UsrDef
	UsrDef
	D30
	UsrDef
	 UsrDef

	 30
	GND
	UsrDef
	D31
	UsrDef
	 UsrDef

	 31
	UsrDef
	 UsrDef
	GND
	UsrDef
	GND

	 32
	GND
	UsrDef
	+5 VDC
	UsrDef
	VPC


Note: (*): indicates active low signal.
Shaded regions indicate new signals defined or redefined under VME64 or VME64x.

 

	 Pin Assignment for the VMEbus  P0/J0/RJ0/RP0 Connector

	Position
	Row f
	Row e
	Row d
	Row c
	Row b
	Row a
	Row z

	1
	GND
	 UD
	UD
	UD
	UD
	UD
	GND

	2
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	3
	GND
	UD
	UD
	UD
	UD
	 UD
	GND

	4
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	5
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	6
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	7
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	8
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	9
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	10
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	11
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	12
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	13
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	14
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	15
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	16
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	17
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	18
	GND
	UD
	UD
	UD
	UD
	UD
	GND

	19
	GND
	UD
	UD
	UD
	UD
	UD
	GND


 

	 VMEbus Signal Descriptions

	 Signal Name
	 Description

	 A01 - A31
	Address lines [A01 - A31] carry a binary address.

	AM0 - AM5
	The address modifier code [AM0 - AM5] is a 'tag' that indicates the type of VMEbus cycle in progress.

	BG0IN* - BG3IN*
BG0OUT* - BG3OUT*
	The bus grant signals [BG0IN* - BG3IN* and BG0OUT* - BG3OUT*] are part of the bus grant daisy chain and are driven by arbiters and requesters. The slot 01 arbiter asserts a bus grant in response to a bus request on the same level [BR0* - BR3*]. The bus grant daisy-chain starts at the slot 01 system controller and propagates from module to module until it reaches the module that initially requested the bus. Each VMEbus module has a bus grant input and a bus grant output. They are standard totem-pole class signals.

	 BR0* - BR3*
	Bus requests [BR0* - BR3*] are asserted by a requester whenever its master or interrupt han-dler needs the bus. Before accepting the bus, the master waits until the arbiter grants the bus by way of the bus grant daisy-chain [BG0IN* - BG3IN*]. They are open-collector class signals.

	 D00-D31
	Data bus [D00-D31] is driven by masters, slaves or interrupters. These are bi-directional sig-nals and are used for data transfers. Different portions of the data bus are used de-pending upon the state of DS0*, DS1*, A01 and LWORD* pins. They are standard three-state signals. The data lines can also be used to transfer a portion of the address during MD32, MBLT and 2eVME cycles.

	DS0*, DS1*
	Data strobes DS0* and DS1* are driven by masters and interrupt handlers. These sig-nals serve not only to qualify data, but also to indicate the size and position of the data transfer. When combined with LWORD* and A01, the data strobes indicate the size and type of data transfer. DS0* - DS1* are high current three-state class signals.

	DTACK*
	Data transfer acknowledge [DTACK*] is driven by slaves or interrupters. During write cycles DTACK* is asserted by a slave after it has latched data. During read and inter-rupt acknowledge cycles, DTACK* is asserted by a slave after data is placed onto the bus. DTACK* can be an open-collector or a high current three-state class signal.

	GA0* - GA4*
	The geographical address [GA0*-GA4*] is a binary code that indicates the slot number of the backplane. They are open collector signals, and were added to the 160 pin P1/J1 connector in the VME64x specification.

	GAP*
	The geographical address parity [GAP*] is tied high or floating, depending upon the parity of the geographical address lines [GA0*-GA4*]. It is an open collector signal, and was added to the 160 pin P1/J1 connector in the VME64x specification.

	GND
	Ground [GND] is used both as a signal reference and a power return path.

	IACK*
	Interrupt acknowledge [IACK*] is driven by interrupt handlers in response to interrupt re-quests. It is connected to IACKIN* at slot 01 (on the backplane), and used by the IACK* daisy-chain driver to start propagation of the [IACKIN* - IACKOUT*] daisy-chain. IACK* can be either an open-collector or a standard three-state class signal.

	IACKIN*, IACKOUT*
	The interrupt acknowledge daisy chain [IACKIN* - IACKOUT*] is driven by the IACK* daisy-chain driver. These signals are used both to indicate that an interrupt acknowledge cycle is in progress, and to determine which interrupters should return a STATUS/ID. They are standard totem-pole class signals.

	IRQ1*-IRQ7*
	Priority interrupt requests [IRQ1*-IRQ7*] are asserted by interrupters. Level seven is the high-est priority, and level one the lowest. They are open-collector class signals.

	LI/I*
	The live insertion input [LI/I*] signal is used to carry hot swap (live insertion) control information. It is a three state driven signal and was added to the 160 pin P1/J1 connector in the VME64x specification.

	LI/O*
	The live insertion output [LI/O*] signal is used to carry hot swap (live insertion) control information. It is a three state driven signal and was added to the 160 pin P1/J1 connector in the VME64x specification.

	LWORD*
	Long word [LWORD*] is driven by masters. It is used in conjunction with A01, DS0* and DS1* to indicate the size of the current data transfer. LWORD* is a standard three-state class signal. During 64-bit address transfers, LWORD* doubles as address bit A00. During 64-bit data transfers, LWORD* doubles as a data bit.

	MCLK, MCTL, MMD, MPR, MSD
	These signals are part of the IEEE 1149.5 MTM bus. They are three-state driven signals which was added to the 160 pin P1/J1 connector in the VME64x specification.

	RESERVED
	The RESERVED signal pin is obsolete and is no longer used. Under the IEEE 1014-1987 version of the bus specification there was a single reserved pin. This pin was redefined under VME64 as the RETRY* pin. The VME64x specification uses the names RsvB and RsvU for reserved pins.

	RESP*
	The response [RESP*] signal is used to carry the information as defined by the 2eVME protocol. It was added to the 160 pin P1/J1 connector in the VME64x specification.

	RsvB
	The reserved/bused [RsvB] signal should not be used. VME64x backplanes must bus and terminate this signal. It was added to the 160 pin P1/J1 connector in the VME64x specification.

	RsvU
	The reserved/unbused [RsvU] signal should not be used. VME64x backplanes must not bus or terminate this signal. It was added to the 160 pin P1/J1 connector in the VME64x specification.

	RETRY*
	[RETRY*], together with [BERR*], can be asserted by a slave to postpone a data transfer. The master must then attempt the cycle again at a later time. The retry cycle prevents deadlock (deadly embrace) conditions in bus-to-bus links and sec-ondary buses. RETRY* is a standard three-state signal. The [RETRY*] signal was added in the ANSI/VITA 1-1994 (VME64) version of the bus spec-ification. This pin was RESERVED in earlier versions. However, boards that support [RETRY*] should work just fine with older backplanes, as they were required to bus and terminate this signal line.

	SERA, SERB
	The [SERA] and [SERB] signals are used for an (optional) serial bus such as the AUTOBAHN (IEEE 1394) or VMSbus. Under the ANSI/VITA 1-1994 (VME64) bus specification, these pins can be used for any user defined serial bus. Earlier versions of the VMEbus specification defined these pins as [SERCLK] and [SERDAT*], which were originally intended for a serial bus called VMSbus. However, they were rarely used for that purpose.

	SERCLK, SERDAT*
	The [SERCLK] and [SERDAT*] signals were made obsolete under the ANSI/VITA 1-1994 (VME64) bus specification. Refer to [SERA] and [SERB] for more details.

	SYSCLK
	16 MHz utility clock [SYSCLK] is driven by the slot 01 system controller. This clock can be used for any purpose, and has no timing relationship to other VMEbus signals. SYSCLK* is a high current totem-pole class signal.

	SYSFAIL*
	System fail [SYSFAIL*] can be asserted or monitored by any module. It indicates that a failure has occurred in the system. Implementation of [SYSFAIL*] is user de-fined, and its use is optional. SYSFAIL* is an open-collector class signal.

	SYSRESET*
	System reset [SYSRESET*] can be driven by any module and indicates that a reset (such as power-up) is in progress. SYSRESET* is an open-collector class signal.

	UsrDef, UD
	Pins that are user defined [specified as 'UsrDef' or 'UD'] can be specified by the user. Generally, they are routed directly through the backplane so that they can be connected to cables or to rear I/O transition modules.

	VPC
	Voltage pre-charge [VPC] pins forma a 'make first / break last' contact. They are intended to be used as pre-charge power sources for live insertion logic. These pins were added to the 160 pin P1/J1 and P2/J2 connectors in the VME64x specification. The VPC pins are connected to the +5 VDC power supply on VME64x backplanes. These pins may also be used as additional +5 VDC power pins in boards that do not support live insertion.

	+V1, -V1, +V2, -V2
	The [+/- V1/V2] power pins supply 38 - 75 VDC to the bus module. They are also known as the auxiliary power pins, and were originally intended to be used as 48 VDC battery supplies in Telecom systems. However, they can be used for any purpose. These pins were added to the 160 pin P1/J1 connector in the VME64x specification.

	WRITE*
	The read / write signal [WRITE*] is driven by masters. It indicates the direction of data transfer over the bus. It is asserted during a write cycle and negated during a read cycle. WRITE* is a stan-dard three-state class signal.

	+5V STDBY
	[+5V STDBY] is an optional +5 VDC standby power supply. This power pin is often connected to a rechargable battery. This eliminates the need for individual batteries on VMEbus modules. Individual batteries are often used for real time clock and static RAM chips.

	+3.3 V
	Main +3.3 VDC power source. These pins were added to the 160 pin P1/J1 connector in the VME64x specification.

	+5 VDC
+12 VDC, -12 VDC
	The main system power supplies are [+5 VDC], [+12 VDC] and [-12 VDC].



VMEbus Address Modifier Codes
Dynamic address sizing is made possible because of a six bit address modifier code [AM0-AM5] which accompanies each address. This can be thought of as a tag that is attached to each address. There are 47 defined address modifier codes, which are summarized in the Table below.
	VMEbus Address Modifier Codes Under VME64x

	Address
Modifier
Code
AM0-AM5
	Address
Size
	Description

	0x3F
	24
	A24 supervisory block transfer (BLT)

	0x3E
	24
	A24 supervisory program access

	0x3D
	24
	A24 supervisory data access

	0x3C
	24
	A24 supervisory 64-bit block transfer (MBLT)

	0x3B
	24
	A24 non-privileged block transfer (BLT)

	0x3A
	24
	A24 non-privileged program access

	0x39
	24
	A24 non-privileged data access

	0x38
	24
	A24 non-privileged 64-bit block transfer (MBLT)

	0x37
	40
	A40BLT [MD32 data transfer only]

	0x36
	-
	Unused / reserved

	0x35
	40
	A40 lock command (LCK)

	0x34
	40
	A40 access

	0x33
	-
	Unused / reserved

	0x32
	24
	A24 lock command (LCK)

	0x30 - 0x31
	-
	Unused / reserved

	0x2F
	24
	CR / CSR space

	0x2E
	-
	Unused / reserved

	0x2D
	16
	A16 supervisory access

	0x2C
	16
	A16 lock command (LCK)

	0x2A - 0x2B
	-
	Unused / reserved

	0x29
	16
	A16 non-privileged access

	0x22 - 0x28
	-
	Unused / reserved

	0x21
	32 or 40
	2eVME for 3U bus modules (address size in XAM code)

	0x20
	32 or 64
	2eVME for 6U bus modules (address size in XAM code)

	0x10 - 0x1F
	-
	User defined

	0x0F
	32
	A32 supervisory block transfer (BLT)

	0x0E
	32
	A32 supervisory program access

	0x0D
	32
	A32 supervisory data access

	0x0C
	32
	A32 supervisory 64-bit block transfer (MBLT)

	0x0B
	32
	A32 non-privileged block transfer (BLT)

	0x0A
	32
	A32 non-privileged program access

	0x09
	32
	A32 non-privileged data access

	0x08
	32
	A32 non-privileged 64-bit block transfer (MBLT)

	0x06 - 0x07
	-
	Unused / reserved

	0x05
	32
	A32 lock command (LCK)

	0x04
	64
	A64 lock command (LCK

	0x03
	64
	A64 block transfer (BLT)

	0x02
	-
	Unused / reserved

	0x01
	64
	A64 single access transfer

	0x00
	64
	A64 64-bit block transfer (MBLT)


During a bus cycle the VMEbus master tags each address with an address modifier code. Slaves monitor these codes so they can determine which address lines to monitor. A16 addresses are decoded from A01-A15, A24 addresses from A01-A23 and so on.
The address modifier code also indicates the type of bus transaction. It discriminates between instruction fetches, data cycles and so on. Originally, this information was intended for debugging purposes. In the early days of VMEbus it was fairly common to fetch microprocessor instructions across the backplane. This allowed logic analyzers to separate them from data cycles, and was a very powerful debugging tool.
Today, instructions are rarely fetched across VMEbus because they are generally stored in local (CPU) memory. Local memories are now fast, large and cheap, and VMEbus creates a significant bottleneck. Most people use VMEbus as an I/O channel for passing data between CPU cards and peripherals.
Some of the information in the address modifier codes is obsolete. For example, the A24 codes contain supervisory and non-privileged modes. These corresponded directly to the 68000 microprocessor supervisor and user modes, and were an early attempt at memory management. However, this function is now performed on (local) memory management IC's (MMU's), thereby rendering this data useless.
The address modifier codes are ignored during interrupt acknowledge cycles. IACK* is a signal asserted by interrupt handlers to show that the current cycle is an interrupt acknowledge cycle, and negated by masters to show that it is a data transfer cycle. It is sometimes useful to think of IACK* as a seventh address modifier bit.
Address modifier codes also simplify the design (and lower the cost) of many VMEbus modules. Modules can be as simple or as complex as the application requires. Slaves, like serial I/O modules, require only several bytes of address space and can use A16 addressing. This reduces the number of parts on a board by decreasing the number of comparator and control logic ICs. This lowers the board cost and conserves space. More complex modules, such as memory or graphic controllers, must use A24 or A32 addressing because of their large memory spaces.
The address modifiers also make single (3U) and double height (6U) modules compatible. Single height modules use only the P1/J1 connector, and can only monitor address lines A01-A23. This limits these modules to the A16, A24 and A40 cycles. Double height modules can monitor an additional eight address lines on the P2/J2 connector, so they can also perform 32 and 64-bit address transfers. Without the address modifier code, the simple P2/J2 expansion bus would have been awkward.
The 2eVME (two-edge) VMEbus cycles also contain an extended address modifier code (XAM). This code was added because many of the address modifier codes have been used up, and allows more codes to be defined for future bus cycles.
VMEbus Read/Write Cycles
The VMEbus read/write cycle is the 'standard' bus cycle. It has the following attributes:
· It's the 'basic' data transfer cycle. 

· 8, 16, 24 or 32 bits of data can be transferred during each cycle. 

· 64 bits of data cannot be transferred with the read/write cycle. 

· 16, 24 or 32 bit addressing can be used. 

· 40 and 64 bit addresses cannot be used with a read/write cycle. 

Table 1 shows the VMEbus signals that are used by the read/write cycle. They are grouped as address, data and control type signals.

	 Table 1. Signals Used By the Read/Write Cycle

	 Address
	Data
	Control

	 A01-A31
AM0-AM5
DS0*, DS1*
LWORD*
	 D00-D31
	 AS*
WRITE*
DS0*, DS1*
DTACK*
BERR*
RETRY*


Figure 1 shows a typical read cycle (with address pipelining). During that cycle, the following activity occurs:

1. The MASTER drives address (A01-A31), address modifier (AM0-AM5) and LWORD*. This indicates which SLAVE should respond to the cycle. 

2. The MASTER negates IACK*, to indicate that it is not an interrupt acknowledge cycle. 

3. The MASTER asserts address strobe AS* to indicate that a valid address is present. 

4. The MASTER negates WRITE* to indicate that a read cycle is present. 

5. The MASTER asserts one or both data strobes DS0*, DS1* to indicate where on data bus D00-D31 it will expect to read data. 

6. After some interval, the SLAVE drives data bus D00-D31. 

7. After the data bus is stable, the SLAVE asserts data transfer acknowledge (DTACK*). Alternatively, the SLAVE can also assert bus error (BERR*) to indicate that an error (such as a parity error) has occurred during the cycle, or it can assert retry (RETRY*) to indicate that the SLAVE is busy (so that the MASTER retries the cycle at a later time). 

8. After some interval, the MASTER latches the data on D00-D31. 

9. The MASTER negates DS0*/DS1* to indicate that it has latched the data. 

10. The SLAVE negates DTACK* to indicate that it has finished with the cycle. 


The VMEbus write cycle is not shown. It is similar to the read cycle, except that the MASTER asserts WRITE* and places valid data onto the bus. The SLAVE then latches the data after DSA* has been asserted by the MASTER.

Data Strobe Nomenclature

It should also be noted that the VMEbus specification uses two forms of nomenclature for the data strobes. The actual signal names are called DS0* and DS1*. However, the specification often refers to data strobes DSA* and DSB*. These are not the names of actual signal lines, but are used to indicate the order in which the data strobes are asserted. DSA* is always driven first by the MASTER, and DSB* is always driven second. However, DSA* can refer to either DS0* or DS1*. Also, in some cases the term DSX* can be used. This is shorthand notation which indicates that either data strobe is asserted. 

Interlocked Bus Cycles

VMEbus uses a fully interlocked handshaking mechanism between data strobes DS0* and DS1*, and terminating signals DTACK*, BERR* and RETRY*.

At the beginning of a cycle a MASTER must not assert either data strobe until DTACK*, BERR* and RETRY* have all been negated by the SLAVE. Failing to do so may corrupt data on the current (or the previous) cycle. At the end of a cycle a SLAVE cannot negate DTACK*, BERR* or RETRY* until the MASTER has negated both data strobes DS0* and DS1*. These two mechanisms form a fully interlocked handshaking mechanism.

Care must be used when evaluating or designing MASTERs that use the 680XX or other microprocessor families. Many microprocessors don't use a fully interlocking bus cycle, and circuitry must be provided to make them totally compliant.

Address Pipelining

Some microprocessors or peripherals use address pipelining to speed up data transfers. During address pipelining the bus master broadcasts the address of the next bus cycle before the current cycle has completed. This is shown as 'address rot' (i.e. a rotten address) in Figure 1. There, the MASTER places a new address onto the bus immediately after the SLAVE asserts DTACK*. However, this can take place before the SLAVE negates the DTACK* signal.

Originally, address pipelining was considered a VMEbus feature. However, on rare occations it has caused incompatibility between modules. In those cases, a poorly designed VMEbus SLAVE module will latch it's address lines on the falling edge of AS*. This can cause problems if the MASTER is attempting an address pipelining cycle. In those cases, the MASTER can latch the wrong data, thereby corrupting the bus cycle. If the SLAVE is designed correctly, however, this problem will not occur.

VMEbus Address and Data Sizing
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Question: How does the VMEbus address and data sizing capabilities work?
The VMEbus architecture provides a variety of addresses spaces and data widths. This is commonly known as dynamic address and data sizing. This article attempts to explain why the VMEbus architecture provides this capability, and how the various address and data modes relate to each other.
Address Spaces
The VME64 specification, ANSI/VITA 1-1994, VME64, which received ANSI recognition on April 10, 1995, provides for 16 bit, 24 bit, 32 bit, 40 bit and 64 bit address spaces. These address spaces are known respectively as A16, A24, A32, A40, and A64. A six bit address modifier code is used to distinguish between these address spaces. When the master in a VMEbus system wants to generate an address in the A16 address space, for example, it must put out the proper address modifier code. This code tells all boards on the bus that this address cycle is in A16 address space.
A16, also known as short I/O address space, provides for 64Kbyte of addressing and was put into the specification to reduce address decoding for simple I/O boards. Since most simple I/O boards contain only a handful of registers a 64Kbyte space was deemed sufficient.
The A24 address space only requires the P1/J1 VMEbus connector. Hence it is the standard address space used by 3U VMEbus modules which only have a P1 connector. 24 bits provides a 16 Mbyte addressing space which was a lot in the early 1980’s when VMEbus was first released. A24 is quickly becoming a legacy issue since it is not used on 6U boards today.
The P2 connector is used to provide the additional address and data lines needed to access 32 bits in non multiplexed mode. While many early 6U VMEbus modules with only a P1 connector used A24 address space, most contemporary 6U cards with both P1 and P2 connectors use A32 bit as their main address space. A32 provides 4.2 Gbytes of addressing space.
A40 is defined in the VME64 specification to allow for additional addressing space on 3U modules by multiplexing the 24 bit address bus with the 16 bit data bus.
A64 is defined in the VME64 specification to allow for additional addressing space on 6U modules by multiplexing the 32 bit data bus with the 32 address data bus to produce a 64 bit address cycle. A64 provides for 1.845 x 10E-19 bytes of addressing space. (Hopefully such a large space will be sufficient for the next several years, but then one never knows.)
VMEbus processor modules will map each of these address spaces into their processors memory space. While not part of the VME64 specification, usually on-board local memory is positioned at address location 0 with on-board I/O positioned in high memory starting at locations above 0xF000 0000. The address space in between usually maps to one of the VMEbus address spaces. On some boards these address space assignments may be hardwired into the logic or set manually with jumpers while on other boards these address space assignments may be programmable.
Data Transfer Cycles
The VME64 spec provides for 8 bit, 16 bit, 32 bit, and 64 bit data transfer cycles. Besides width, data transfer cycles can be either single cycle or block transfer. Single cycle means that an address is sent with each data transfer while block transfer means that one address is sent with multiple data transfers. The original implementation of the VMEbus used non multiplexed buses to achieve 32 bit addresses and 32 bit data transfers utilizing both P1 and P2 connectors. In 1989 it was realized that both the address bus and the data bus could be doubled from 32 bits to 64 bits by multiplexing without requiring additional pins. The VME64 specification brings multiplexed address and data cycles to both P1 only and P1/P2 configurations.
Single cycle data transfer operations are labeled D8(O), D8(EO), D16, D32, and MD32. A D8 cycle can be either D8 (O) odd address or D8 (EO) even and odd address. From a hardware standpoint a 16 bit word is the basic unit on the VMEbus. Two data strobes, DS0* and DS1* are used to select either the low byte, the high byte, or both bytes within a 16 bit word. D8(0) provides for addressing odd address bytes only. This reduces address decoding requirements for simple I/O boards but provides for accessing only the odd bytes in a defined memory space. On the other hand D8(EO) provides for access to both odd and even bytes. D16 accesses require only the P1 connector while D32 accesses require both the P1 and the P2 connectors. MD32 stands for multiplexed 32 bit transfers and is used primarily on 3U modules to transfer 32 bits by multiplexing 16 bits of data on 16 of the possible 23 address lines. MD32 allows a 2x speed enhancement using only the P1 connector.
Block transfer operations improve data transfer efficiency by sending only one address for multiple bytes of data. These block transfer operations are labeled BLT, MBLT, and A40 BLT. BLT (BLock Transfer) operations provide for data width transfers of 8 bits and 16 bits on P1 and 8, 16, and 32 bits on P1/P2. BLT is part of the original VMEbus specification. MBLT (Multiplexed BLock Transfer) was added to the VME64 specification to allow 64 bit transfers by multiplexing data onto the 31 address lines (A1-A31) and the LWORD* control line. MBLT requires both the P1 and the P2 connector. A40BLT (A40 BLock Transfer) provides for 8, 16, and 32 bit multiplexed block transfers on a P1 only module and was added primarily for 3U module use.
Mixing Different Address and Data Widths
The VMEbus specification allows different address and data widths to be used based on an application requirement. While all combinations are possible, certain combinations are more common than others. For example, A16/D8(O) is common for simple I/O boards while A32/D32 and A32/D64 are common for high performance SBC modules. As stated earlier A24 is usually found only on older 6U modules and is quickly being replaced by A32.
Regarding interoperability between modules with differing address and data capabilities, the VME64 specification states the following:
	Table 1. Rules & Recommendations

	RULE 2.76
	D16 Slaves MUST include D08(EO) capability.

	RECOMMENDATION 2.3
	D16 Masters should include D08(EO) capability.

	RULE 2.77
	D32 and MD32 Slaves MUST include D16 and D08(EO) capabilities.

	RECOMMENDATION 2.4
	D32 and MD32 Masters should include D16 and D08(EO) capabilities.

	RECOMMENDATION 2.5
	MBLT Masters should include D32, D16 and D08(EO) capabilities.


Summary
The VME64 specification provides a variety of data transfer capabilities from single cycle 8 bit transfers to multi-cycle 64 bit transfers. In addition, address spaces from 16 bits to 64 bits provide complete flexibility while reducing design complexity. With these capabilities the VMEbus can meet a wide range of system requirements.
C) DIN Connector Assignments 

J1/P1 Pin  Assignments                           J2/P2 Pin Assignments

                 ================================           

=====
       Pin # 
Row A 

Row B

Row C

Row B


       1         D00        

BBSY*           
D08                 
+5v

       2         D01         
BCLR*          
D09                 
GROUND

       3         D02         
ACFAIL*        
D10                 
RESERVED

       4         D03         
BG0IN*         
D11                 
A24

       5         D04         
BG0OUT*        
D12                 
A25

       6         D05         
BG1IN*         
D13                 
A26

       7         D06         
BG1OUT*        
D14                 
A27

       8         D07         
BG2IN*         
D15                 
A28

       9         GROUND      
BG2OUT*        
GROUND              
A29

       10        SYSCLK      
BG3IN*         
SYSFAIL*            
A30

       11        GROUND      
BG3OUT*        
BERR*               
A31

       12        DS1*        
BR0*           
SYSRESET*           
GROUND

       13        DS0*        
BR1*           
LWORD*              
+5V

       14        WRITE*      
BR2*           
AM5                 
D16

       15        GROUND      
BR3*           
A23                 
D17

       16        DTACK*      
AM0            
A22                 
D18

       17        GROUND      
AM1            
A21                 
D19

       18        AS*         
AM2            
A20                 
D20

       19        GROUND      
AM3            
A19                 
D21

       20        IACK*       
GROUND         
A18                 
D22

       21        IACKIN*     
SERCLK*        
A17                 
D23

       22        IACKOUT*    
SERDAT*        
A16                 
GROUND

       23        AM4         
GROUND         
A15                 
D24

       24        A07         
IRQ7*          
A14                 
D25

       25        A06         
IRQ6*          
A13                 
D26

       26        A05         
IRQ5*          
A12                 
D27

       27        A04         
IRQ4*          
A11                 
D28

       28        A03         
IRQ3*          
A10                 
D29

       29        A02         
IRQ2*          
A09                 
D30

       30        A01         
IRQ1*          
A08                 
D31

       31        -12V        
+5V STDBY      
+12V                
GROUND

       32        +5V         
+5V            
+5V                 
+5V

       ===================================================================

