4. Programming Interface

This chapter contains information needed to write custom software drivers for the EXM-32.  Anyone using the EXM-32 with software compatible with standard PCs can skip reading this chapter.

The EXM-32 defines the following registers in the I/O space (the MSB is the left-most bit).



Bit 7�Bit 6�Bit 5�Bit 4�Bit 3�Bit 2�Bit 1�Bit 0�I/O Port��1�1�0�0�1�1�1�1�100��Device ID Register����������Rsvd�IRQ2�IRQ1�IRQ0�I/O 2�I/O 1�I/O 0�CDEN�102��Configuration Option Byte 1 Register����������A19�A18�A17�A16�A15�A14�MS1�MS0�103��Configuration Option Byte 2 Register����������Rsvd�Rsvd�Rsvd�Rsvd�A23�A22�A21�A20�104��Configuration Option Byte 3 Register����������These registers are standard EXM registers for device identification and configuration.  The EXM-32 re�sponds to accesses to these ports only if EXM expansion interface line -EXMID is as�serted.  An 8-bit read from I/O address 100h returns the value D0, the device ID of the EXM-32.  Read/write configuration registers appear at I/O address 102h and 103h.  The bit en�codings are defined in chapter 2. I/O port 104h (OB3) is not configurable from the RadiSys CPU setup screen. It has a default value of 0 in all non-reserved bit positions. The configures the EXM-32 memory under the PC/AT 1 MByte boundary by default.

IRQ 2,1,0 selects the interrupt to be generated.

I/O 2,1, 0 selects the address in the I/O space in which the 8-byte or 16-byte I/O port area of EXM-32 appears.

A19-A14 corresponds to address lines A19-A14.

MS 1,0 selects the memory size.

CDEN specifies whether the EXM is disabled or enabled.  If disabled, the EXM will not respond to any I/O or memory addresses and will not assert an interrupt output; it will only respond to reads from I/O port 100h and reads and writes from I/O port 102h, and then only if EXM expansion interface line -EXMID is asserted.

The following diagram shows the major blocks of the EXM-32 architecture.  This diagram is specific to the EXM-32DN option.  The EXM-32CAN option is similar except for the DC-DC converter block.
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Figure 7. EXM-32 Block Diagram.

The architecture of the board can be broken up into several distinct modules, as follows:

�SYMBOL 183 \f "Symbol" \s 10 \h�	The Intel386EX processor. This is the main 'brain' of the EXM-32, and runs application software interfacing to all other board features.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The 386EX private SRAM. This is 512Kbyte of SRAM only accessible by the 386EX. The 386EX will execute from this memory.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The shared SRAM. This is 64Kbyte of SRAM accessible by the either the host CPU or the 386EX. Access from the host CPU may be restricted to as small as 16Kbyte blocks. The 386EX will initially boot from data loaded in this memory from the host.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The Intel 82527. This is the CAN controller.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The DeviceNet interface. Signals to and from the CAN controller are driven/received by components meeting the DeviceNet specification.  These include the Philips 82C250 DeviceNet transceiver and Hewlett-Packard HCPL7101 optoisolators. The interface is compatible with the Allen-Bradley DeviceNet Specification, Release 1.0.  The DeviceNet implementation is an isolated node with the transceiver powered by the network.  The front panel connector for the CAN interface is the Phoenix style connector.  A Linear Technologies LT1111CS-5 is used to convert +24V to an isolated +5V which powers the 82C250 transceiver on the front panel side of the interface.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The on-board registers. These are external registers accessible by the host processor or the 386EX, used to control peripherals, service interrupts, determine hardware revisions, etc..

�SYMBOL 183 \f "Symbol" \s 10 \h�	Debug support. Debug support for the EXM-32 consists of  a serial port connected through RS-232 drivers to a serial port of the 386EX on-board processor.  This serial port is available at the front panel.

On-board Processor�tc "The On-board Processor" \L 2�

The on-board processor is conceptually the overall controller of the board. It has access to most other system components.

The on-board processor is an Intel386EX microprocessor running at 25MHz. This processor integrates several features usually found externally connected to a microprocessor interface with an Intel386SX core.

The on-board processor boots up to the top of the 64Kbytes shared memory block. It is held in a reset state by the host system CPU through a bit in one of the on-board registers until its boot software is loaded into the shared memory. Once it is released from reset by the host CPU, it begins executing out of the shared memory. The intent is for software to copy executable code into the private SRAM via the shared memory interface, and then have the 386EX begin executing from the private SRAM for better performance (and room for a larger application).

Some of the features of the 386EX used are:


Chip Select Unit


The 386EX has chip select lines similar to those of the 80186 line of microprocessors. These chip select lines are internal decodes of accesses to addresses within a predetermined range, programmable through on-board registers.

The 386EX has 8 chip select lines, 4 of which are used. These access the CAN controller, the shared memory, and the private memory, as detailed in the table below:



Signal�Resource Accessed�Conceptual Name��UCS#�Shared Memory�CS_SHARE��CS0#�Private Memory, Lower 256KB�CS_LO_MEM��CS1#�Private Memory, Upper 256KB�CS_HI_MEM��CS2#�CAN Controller�CS_CAN��When the system powers up, or undergoes a system reset, the 386EX emerges with only the Upper Chip Select (UCS#) active, for all 64M of its logical memory address space.

In order to enable the external pin connections to the chip select signals, software must initialize the on-chip P2CFG register, as follows:



Register�Value�Description��Port2 Configuration (P2CFG)�xxxxx111b�Enables CS0#-CS2# connections��
Interrupt Control Unit


Interrupt handling is performed by two 8259A-like interrupt controllers built into the 386EX chip. These are connected in a typical master-slave cascaded fashion. Available interrupt lines are INT0-7 and NMI. Interrupt lines INT0-3 are connected to the master 8259A. Interrupt lines INT4-7 are connected to the slave 8259A. Interrupts should be left edge-sensitive, they should not be programmed to be level-sensitive.

The 82527 has its own direct interrupt connection into the 386EX. As well, the host CPU can interrupt the 386EX via a register write. The specific interrupt assignments are detailed in the following table:



Signal�Interrupt Source�Conceptual Name��INT4�Host CPU�HOST_INT��INT5�CAN controller�CAN_INT��In order to enable the external pin connections to the interrupt signals, software must initialize the on-chip INTCFG register, as follows:



Register�Value�Description��Interrupt Config. (INTCFG)�0xxx0011b�Enables INT4,5 connection, sets INT6,7 to VSS, disables external slave controller��Because the INT4 signal and the TMRCLK0 signal (of the on-chip timer/counter unit) share a 386EX chip pin (non-multiplexed), transitions on the on-chip TMRCLK0 input should be ignored. In the case of the EXM-32, since the timer/counter unit (TCU) is not used, this is accomplished by disabling the TCU. To accomplish this, the 386EX on-chip TMRCFG register should be correctly initialized, as follows:



Register�Value�Description��TCU Configuration (TMRCFG)�1xxxxxxxb�Disable all TCU clock inputs (force to 0).��The on-chip asynchronous serial port (debug port) has its interrupt routed back internally to the master interrupt controller.


Asynchro
nous Serial Communications Unit


Asynchronous communication handling is performed by a 16C450-like serial communication controller built into the 386EX. This is used as the debug port. More detail is provided later in this document.

All signals found in typical PC/AT RS232 interfaces are routed to pins on the chip, and can be directly connected to RS232 driver/receiver chips for a comparable external interface. This is the case on the EXM-32 for the debug port.


I/O Port Unit


The 386EX has three general purpose I/O ports. Two bits of one of these ports are used as a memory size identification code. A third bit of this port is used to interrupt the host CPU. See the section describing the on-board registers for more detailed information on the use of these bits.

Private Memory�tc "The Private Memory" \L 2�

Four 128Kx8 SRAM chips comprise the 386EX private memory. The memory is organized for word (16-bit) accesses.

Access to the SRAM is controlled by two of the 386EX processor's chip selects. Calling these chip selects CS_LO_MEM and CS_HI_MEM for illustrative clarity (the actual mapping to specific chip selects is detailed elsewhere in this document), the former is used to select the lower 256Kbytes of SRAM when accessed, while the latter is used to select the upper 256Kbytes of SRAM when accessed. Under normal operation, CS_LO_MEM and CS_HI_MEM are set up by software to match addresses in contiguous regions of logical memory.

386EX processor private SRAM accesses should be initialized by the software via the chip select configuration registers for 16-bit, single wait state, non-READY# enabled, memory accesses.

For example, for 512KB contiguous private SRAM starting at address 0h, the normal chip select register setup is as follows:



Chip Select�Register�Value�Description��CS_LO_MEM�Chip Select High Address (CSnADH)�0000h�Lowest logical address��CS_LO_MEM�Chip Select Low Address (CSnADL)�0301h�16-bit, memory, 1 wait, READY# disabled��CS_LO_MEM�Chip Select High Mask (CSnMSKH)�0003h�Match accesses to lowest 256KB��CS_LO_MEM�Chip Select Low Mask (CSnMSKL)�FC01h�Match to lowest 256KB, enable CS��CS_HI_MEM�Chip Select High Address (CSnADH)�0004h�Second 256KB logical address��CS_HI_MEM�Chip Select Low Address (CSnADL)�0301h�16-bit, memory, 1 wait, READY# disabled��CS_HI_MEM�Chip Select High Mask (CSnMSKH)�0003h�Match accesses to second 256KB��CS_HI_MEM�Chip Select Low Mask (CSnMSKL)�FC01h�Match to second 256KB, enable CS��
Table 6. Chip Select Register Setup Option #1.



�
Shared Memory�tc "The Shared Memory" \L 2�
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Figure 8 below describes the EXM-32 shared memory.

Figure 8. EXM-32 Shared Memory.

Two 32Kx8 SRAM chips comprise the EXM-32 shared memory. The memory is organized for word (16-bit) accesses.

Access to the shared memory is arbitrated on-board between the 386EX side and the host CPU side. All else being equal, the 386EX gets priority, however both sides are guaranteed equal access (interleaved on a cycle by cycle basis) by the arbitration logic.


386EX Access


Access to the shared SRAM from the 386EX side is controlled by one of the 386EX processor's chip selects. Calling this chip select CS_SHARE for clarity (the actual mapping to specific chip selects is detailed elsewhere in this document), it is used to select the desired region of shared SRAM when accessed. Under normal operation, CS_SHARE is set up by software to match addresses in a 16Kbytes region of logical memory.

386EX processor shared SRAM accesses should be initialized by the software via the chip select configuration registers for 16-bit, READY# enabled, memory accesses.

For example, for 16Kbytes contiguous private SRAM starting at 386EX logical address 0080000h, the normal chip select register setup is as follows:



Chip Select�Register�Value�Description��CS_SHARE�Chip Select High Address (CSnADH)�0008h�Start block in second 512KB region��CS_SHARE�Chip Select Low Address (CSnADL)�0380h�16-bit, memory, READY# enabled��CS_SHARE�Chip Select High Mask (CSnMSKH)�0000h�Match accesses to 16KB��CS_SHARE�Chip Select Low Mask (CSnMSKL)�3C01h�Match to 16KB, enable chip select��Table 9. Chip Select Setup Option #2.

Note that because the 386EX boots to shared memory, there are defaults after reset for the UCS# chip select line (to which CS_SHARE is assigned). The defaults for the registers affecting the Upper Chip Select are as follows:



Register Name�Reset Value�Meaning��Upper Chip Select Upper Address (UCSSADH)�03FFh�All 64 MBytes of addressable memory activates UCS# ��Upper Chip Select Lower Address (UCSSADL)�FF6Fh�UCS# memory access activated, 16 bit accesses, 15 wait states.��Upper Chip Select High Mask (UCSMSKH)�03FFh�All 64 MBytes of addressable memory activates UCS# ��Upper Chip Select Low Mask (UCSMSKL)�111111xxxxxxxxx1b�UCS# enabled��Table 9. Upper Chip Select Register Defaults.

The 386EX performs it's first instruction fetch from address 3FFFFF0h after reset. Once executing, the Upper Chip Select registers' contents may be altered.


Host CPU Access


Access to the shared memory from the host CPU side is determined by a bus address decode and match to on-board register bits. The register bits determine the size and location of the on-board shared memory in the bus address space, and the EXM-32 will only respond to accesses within that space. See the section on the on-board registers for more detail.

On-board register bits are also available to enable/disable memory accesses to the EXM-32.

Special Note: All accesses by the host CPU are 16 bit. This means that hardware will assert the ~MEMCS16 signal for accesses anywhere within the same 128Kbytes region that the EXM-32 shared memory is configured. This is a by-product of ISA bus architecture and timing, and means that all boards within the same 128Kbytes region must be 16 bit cards. For all practical purposes, in RadiSys systems only the D-page (and the E-page in non-VME/VXI systems) is available for this EXM. However, multiple EXM-32s may be mapped into different address blocks within this region. Or, all may be mapped to the same block, and memory accesses enabled or disabled as needed.


82527
�tc "The TL16C554" \L 2�
 
CAN
 Controller


The CAN interface is provided by the Intel 82527 CAN controller.  This device has 256 registers and is mapped in the 386EX memory space above the private memory.  CS2 must be programmed to access this device.  The interface is intended to be set up within the 386EX chip select control registers as 8-bit, non-READY# enabled, 2 wait state, memory accesses.

For example, for 2Kbytes (the minimum for memory mapped chip selects) contiguous starting at 386EX logical address 0100000h, the chip select register setup is as follows:



Chip Select�Register�Value�Description��CS_CAN�Chip Select High Address (CS2ADH)�0010h�Start block in third 512Kbytes region��CS_CAN�Chip Select Low Address (CS2ADL)�0182h�8-bit, memory, READY# enabled, 2 WS��CS_CAN�Chip Select High Mask (CS2MSKH)�0000h�Match accesses to 2Kbytes��CS_CAN�Chip Select Low Mask (CS2MSKL)�0401h�Match to 2Kbytes, enable chip select��Table 10. Chip Select Register Setup Option 3. 

Interrupts from the 82527 will set an interrupt to the 386EX. The corresponding 386EX interrupt line will remain set until the interrupt is cleared or disabled within the 82527.

DeviceNet Power Detection

The DevcieNet transceiver power can be monitored by reading P2.3 on the 386EX. This pin is low if the transceiver power is good, and is high otherwise. The P2CFG register must be setup as follows to configure the I/O port:



Register�Value�Description��P2CFG�xxxx0xxxb�Sets P2.3 as I/O��

Serial EEPROM

A 256-bit National Semiconductor NM93C06 serial EEPROM is used for unique node ID storage.  This memory is non-volatile.  It is connected to the general purpose I/O signals on the 386EX.  The connections are as follows:



Chip select�P1.5��Serial clock�P1.6��Data in�P2.4��Data out�P1.7��The P1CFG and P2CFG registers must be setup as follows to configure the I/O port pins:



Register�Value�Description��P1CFG�000xxxxxb�Sets P1.5-7 as I/O��P2CFG�xxx0xxxxb�Sets P2.4 as I/O�� LEDs

Two LEDs are included on the front panel.  They indicate Health and Communication status according to the DeviceNet Specification Chapter 9.  On-board 386EX code is responsible for managing the LEDs.

P3.2, P3.3, P3.4, P3.5 are used by the 386EX to drive the LEDs.  These bits must be configured as outputs.  See on-board register section to configure the P3 register.  

�The LEDs will show colors according to the following table:



P3.5�P3.4�Communications LED��0�0�Off��0�1�Red��1�0�Green��1�1�Off��P3.3�P3.2�Health LED��0�0�Off��0�1�Red��1�0�Green��1�1�Off��Host CPU Interface Register (host CPU accessible only)


The host CPU interface register has several purposes - to reset the 386EX, to enable/disable response to memory accesses, or to generate an interrupt to the 386EX.

The register is read/write, and the I/O address at which it responds is set by bits in the Option Byte 1 of the EXM configuration registers. The bit definitions are as follows:
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The effects of the values of these bits is as follows:

The 'MEMEN' bit, if set (the default is '0'), allows the EXM-32 to respond to host CPU memory accesses within the configured address range. If the bit is not set, the EXM-32 will ignore all memory access requests. This is to allow multiple boards to be configured in the same address space.

If the 'Enable 386' bit is '0' (the default), the 386EX on board the EXM-32 is held in reset. When this bit is changed to '1', the 386EX is released from reset. The 'Interrupt 386' bit has no effect when this bit is not set, nor until the 386EX has had sufficient time to boot once it has been released from reset.

Setting the 'Interrupt 386' bit (the default is '0') generates an interrupt to the 386EX. The bit must be cleared and set again to generate a subsequent interrupt. If the 386EX has this interrupt masked off, it will be missed. If verification of interrupt servicing is desired, it should be done through message handshaking via the shared memory. 

386EX Re
gisters (386EX accessible only)


The 386EX uses it's internal I/O port unit to input/output control and status bits that would otherwise be held in off-chip registers. The I/O port pins are multiplexed with other functions on the 386EX chip, but can be configured on a bit by bit basis.

The two least significant bits of the 386EX port P3 (P3.1, P3.0) are used by the 386EX to determine the shared memory size enabled by the host CPU. These pins must be configured as inputs (see below). The values of these pins mimic that set by the host CPU in the least two significant bits of the Option Byte 2 register.

P3.6 is used by the 386EX to generate interrupts to the host CPU. This pin must be configured as an output (see below). Setting this pin generates an interrupt to the host CPU. The bit must be cleared and set again to generate a subsequent interrupt. If the host CPU has this interrupt masked off, it will be missed. If verification of interrupt servicing is desired, it should be done through message handshaking via the shared memory.

Software must configure these ports correctly at boot up or after a 386EX reset.

To correctly configure and enable the I/O port signals on the pins of the chip, the 386EX on-chip the P3CFG register must be correctly initialized, as follows:



Register�Value�Description��Port3 Configuration (P3CFG)�x0000000b�Enables P3.6 to P3.0���To correctly configure the direction (input/output) and initial value of the various I/O pins, the P3DIR, and P3LTC  registers must be correctly initialized, as follows:



Register�Value�Description��Port3 Latch (P3LTC)�xxxxxx11b�Sets P3.1, P3.0 for high impedance input��Port3 Direction (P3DIR)�x0000011b�Sets P3.6..P3.2 as an output, P3.1, P3.0 as inputs��The actual sequencing of initialization that should be followed is to initialize the P3LTC register first, followed by the P3DIR register.

Once initialization is complete, the outputs can be changed by writing the appropriate values to the P3LTC register. The inputs can be read by reading the P1PIN (Port 1 Pin State) register.

Debug Support�tc "Debug Support" \L 2�

A debug serial port connected to the 386EX is available for direct communication with the on-board processor.


Debug Serial Port


The debug serial port utilizes one of the on-chip asynchronous serial ports of the 386EX (SIO0, base address 3F8h in the I/O address space, standard PC/AT COM1). All nine standard IBM PC/AT serial port signal lines are routed to a DB9 connector on the board, through an RS232 level driver/receiver chip. 

�The pinout is as follows:



Pin #�Signal��1�CD��2�RXD��3�TXD��4�DTR��5�GND��6�DSR��7�RTS��8�CTS��9�RI��The serial port is capable of running at baud rates of up to 115.2K baud. Because internal divide down of the on-chip provided clock for the baud rate generator does not generate a integer value for that baud rate, an external 7.3728MHz clock will be brought in through the 386EX's external COMCLK pin. This allows integer values to be loaded into the baud rate generator for most popular rates up to and including 115.2K baud. The divisor for some of the more popular baud rates (based on the formula divisor = 7.3728MHz / 16 * baud rate) is as follows:



Baud Rate�Divisor Value��115.2K�4��38.4K�12��9600�48��2400�192��

�To correctly access the external clock, and enable the serial port signals on the output pins of the chip, the 386EX on-chip SIOCFG and PnCFG registers must be correctly initialized, as follows:



Register�Value�Description��Port1 Configuration (P1CFG)�xxx11111b�Enables RI0#, DSR0#, DTR0#, RTS0#, and DCD0# pin connections��Port2 Configuration (P2CFG)�111xxxxxb�Enables CTS0#, TXD0#, and RXD0# pin connections��Port3 Configuration (P3CFG)�1xxxxxxxb�Enables COMCLK pin connection��SIO Configuration (SIOCFG)�x0xxxxx0b�Modem signal and external clock enable���NOTES
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