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The information contained herein is subject to change without notice.

Philips is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can 
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when 
utilizing Philips products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a Philips product could 
cause loss of human life, bodily injury, or damage to property.

In developing your designs, please ensure that Philips products are used within specified operating ranges as set forth in the most recent 
product specifications. Also, please keep in mind the precautions and conditions set forth in the Philips Semiconductor Reliability 
Handbook.

The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by Philips 
for any infringements of patents or other rights of third parties which may result from its use. No license is granted by implication or 
otherwise under any patent or patent rights of Philips or others.

Application Information — Applications that are described herein for any of these products are for illustrative purposes only. Philips 
Semiconductors make no representation or warranty that such applications will be suitable for the use without further testing or 
modification.

Life support — These products are not designed for use in life support appliances, devices or systems where malfunction of these products 
can reasonably be expected to result in personal injury. Philips Semiconductors customers using or selling these products for use in such 
applications do so at their own risk and agree to fully indemnify Philips Semiconductors for any damages resulting from such application.

Right to make changes — Philips Semiconductors reserves the right to make changes, without notice, in the products, including circuits, 
standard cells, and/or software, described or contained herein in order to improve design and/or performance. Philips Semiconductors 
assumes no responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright, or mask 
work to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask work right 
infringement, unless otherwise specified.

© Copyright Philips Electronics North America Corporation 1999

All rights reserved. Printed in U.S.A.

Documentation developed by Andrew B. Napell

                    The author wishes to thank the following persons:

Neil Birns, Zhimin Ding, Amr Eissa, Rich Fabbri, Greg Goodhue, Hartmut Habben, Peter Hank, Jerry Hao, Ata Khan, Tony Ling, Matthias 
Muth, Ismael Nass-Duce, Jay Slivkoff, Mary Sumner, Rick Varney, and Jane Zheng.
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This manual provides information about the Philips PXAC3x 16-Bit CAN Transport 
Layer 

�

�

 

Controller. This device isusually referred to as the XA-C3; therefore XA-C3 is 
used as a synonym for PXAC3x in this document. 

The typographic conventions used herein are explained below.
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In addition, this manual makes use of gray shadow boxes, like this one, to provide 
notes and warnings.
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The XA-C3 is a member of the Philips XA (eXtended Architecture) family of 
high-performance, 16-bit, single-chip microcontrollers. Integrated into the XA-C3 are a 
powerful CAN 2.0B communications processor, a 16-bit XA CPU, an array of 
microcontroller peripherals, and a unique “Transport Layer Co-processor” (TLC); a 
DMA driven message handling engine with built-in hardware support for higher-level 
protocol CAN Transport Layer (CTL) messages.

The XA-C3’s core CPU is a 16-bit 80C51-XA. The CPU, with its enhanced instruction 
set and architecture, provides extensive bit-oriented operations, as well as support for 
high-level languages. The XA architecture, tailored for multi-tasking software and 
real-time operating systems, has a 24-bit address space (16M bytes), 16-bit general 
purpose registers and stack pointers. Since most instructions are between two and four 
bytes in length, code execution is highly efficient. The XA CPU also offers Power-Down 
and Idle modes for power reduction.

The CAN communications module in the XA-C3 is the core from the Philips SJA1000 
Stand-Alone CAN Controller, with full CAN 2.0B specification compatibility. The CAN 
Core supports both 11-bit and 29-bit identifiers, at bit rates up to 1M bps.

The Message Handler block of the Transport Layer Co-processor allows the user to 
define up to 32 unique message objects, each with its own CAN ID and resizable, 
relocatable, circular buffer in data memory. Any message object may be either a 
transmitter or a receiver at any given time. Receivers can automatically assemble and 
buffer single CAN frames, multiple CAN frames, or complete fragmented CTL messages 
without CPU intervention. Additionally, each Rx object has the ability to mask and match 
any bit in its identifier (and the first two data bytes of Standard Format frames), allowing 
the object to respond to multiple CAN IDs. For transmitters, the TLC Message Handler 
automatically ‘pre-arbitrates’ between concurrently pending messages, so that messages 
are transmitted in an intelligent order, with no CPU intervention.

An array of on-chip microcontroller peripherals provide a high level of flexibility and 
extensibility to an XA-C3 based system. Communications with other devices in the 
system may be accomplished using the on-chip SPI port and the on-chip UART. 
Programmable clock signals, or other timed output waveforms such as PWM, can be 
generated with the on-chip timers, or they can be used as external event counters. There 
are also three external interrupt inputs by which an off-chip device may interrupt the XA 
CPU.
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A simplified block diagram of the XA-C3 appears in Figure 1-1. In this section we give a 
brief overview of the XA-C3’s architecture, by discussing how the various functional 
blocks in the diagram fit into the overall operational scheme of the device.
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During normal operation, the Transport Layer Co-processor handles the exchange of 
CAN messages, as follows: Transmit data are stored by the CPU in memory (either in the 
on-chip XRAM, or in external memory, or both) from where they are fetched by the 
DMA engine and passed to the CAN Core for transmission. Conversely, frames from the 
CAN bus are assembled in the CAN Core, and, if they are intended for the XA-C3, stored 
by the DMA engine in memory. Upon storage of a frame, or a complete fragmented 
message, the TLC generates an interrupt informing the CPU that a message is available.

Once configured, the CAN Core automatically handles the mechanical aspects of CAN 
bus communications, such as CRC error checking, CAN arbitration, bit stuffing, bus 
timing, etc. 

The Message Handler performs acceptance filtering on incoming frames, and Tx 
pre-arbitration on outgoing frames. In acceptance filtering, CAN IDs are compared to 
XA-C3 message object IDs. When an incoming frame’s ID matches the ID of an enabled 
receive message object, the frame is stored by DMA in that object’s message buffer space 
in memory. In Tx pre-arbitration, outgoing frames from multiple transmit objects with 
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concurrently pending messages will be passed to the CAN Core one at a time, in an 
intelligent order, based on one of two available priority schemes.

The on-chip XRAM can be used as the physical memory that contains some or all of the 
message buffers for XA-C3 message objects. Alternatively, the XRAM can be used as 
part of standard data memory. The location in logical data memory space of the XRAM is 
programmable, and is normally configured during the boot-up code sequence.

The XA-C3 is an SPI master, which can communicate with a number of slaves via the 
SPI port, a bidirectional, full-duplex, synchronous communications bus. XA-C3 I/O port 
pins are used as enables for SPI slaves (CS), and so the number of slaves in a given 
system is limited only by the number of available I/O port pins.

The serial port/UART is another method by which the XA-C3 can communicate with 
off-chip devices in a system. The UART supports the full spectrum of industry standard 
baud rates, which are easily programmed using the on-chip timer/counters. 

The timer/counters, in addition to generating baud rates, can be used to generate various 
external timing waveforms and programmable clock outputs. Also, each timer/counter 
can be used as an external event counter.

All input and output, except for the bitstream on the CAN bus itself, goes through the I/O 
ports and pin logic. The 20-bit wide XA-C3 external bus, the SPI bus signals, the UART, 
timer/counter outputs and inputs, as well as auxiliary functions like EA, are all connected 
via the I/O ports and pin logic.

The XA CPU has 1K byte of on-chip scratch-pad data memory, and 32K bytes of internal 
EPROM code memory available for its use. There are several hundred memory mapped 
registers (MMRs), which are accessed through a contiguous block of logical data 
memory space, whose base address is programmable. There is also a 512-byte on-chip 
special function register (SFR) space, the low 64 bytes of which are bit addressable. 

The CPU communicates with other on-chip devices in three fundamental ways:

1. The CPU issues commands by writing to a device’s control registers.

2. The CPU gathers information about the status of a device by reading the device’s 
status registers.

3. Some devices can interrupt the CPU by setting one or more interrupt flags.

Control registers, status registers, and interrupt flags may be either MMRs or SFRs.

The Memory Interface (MIF) arbitrates bus access between the CPU and the DMA 
engine. In systems with external memory, all timing parameters for the external bus are 
controlled by the MIF, and must be configured by the user during system start-up. In 
addition, the base addresses of both the MMR space and the XRAM are controlled by the 
MIF and must be programmed during the boot-up code sequence.



�


�(������0�������������

 

5

�

#(2���-�(�������*�������!
�

�

�

�

�+� #(2���-�(�������*�������!
�

�

�+�+� � !4������

�

 

• 30 MHz maximum clock frequency

• Separate 16M byte code and data address spaces

• Supports 1M byte (20 address lines) of off-chip code and data memory addressing

• 1K byte of internal RAM data memory (scratch-pad)

• 32K bytes of on-chip EPROM program memory

• XA interrupt controller with 13 maskable event interrupts, 7 software interrupts, 16 
traps, and 7 exceptions

• Enhanced instruction set, tailored for high-level language support, which also includes 
bit-intensive logic operations, and fast signed or unsigned 16 

�

�

 

 16 multiply and 32 / 16 
divide with 32-bit results

• Upward compatibility with the 80C51 architecture

• Twenty 16-bit CPU core registers, capable of performing all arithmetic and logic 
operations, and serving as memory pointers

• Multi-tasking and real-time executive support including segmented data memory, 
multiple user stacks, and banked registers to support rapid context switching

• Low power operation intrinsic to the XA architecture includes Power-Down and Idle 
modes

• 2.7V to 5.5V operation

• Pin compatibility and functional superset of the XA-G3

• 44-pin PLCC and 44-pin LQFP packages
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• CAN 2.0B engine from the Philips SJA1000 Stand-alone CAN controller

• Supports both Standard and Extended Format frames

• Up to 1M bit/sec transfer rates

• Programmable CAN Tx output driver configuration

• Selectable CAN Rx polarity

• Read/write error counters

• Programmable error warning limit

• Last error code capture register

• Arbitration lost bit position capture register

• Listen Only and Self Test modes
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• Programmable CAN bit clock, location of sample point, samples per bit, and 
synchronization jump width

�
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• Hardware “message management” support for generic, DeviceNet, CANopen, and 
OSEK higher-level protocols

• Automatic hardware assembly of fragmented messages. Concurrent assembly of up to 
32 separate, interleaved messages

• Automatic generation of acknowledge frames when hardware assembling CANOpen 
fragmented messages

• Circular buffering of 28 or more CAN frames per message object, simultaneously

• 32 message objects - superset of FullCAN

• 32 separate screener/filters (one per object), each allowing full 30-bit masking on a 
30-bit wide ‘screener’ match field, which includes the first two data bytes for Standard 
Format frames

• Each of the 32 objects can be configured as either receive or transmit.

• Separate Rx/Tx message buffer space dedicated to each object

• 32 individual message buffers, accessible via DMA

• Message buffer size for each object independently configurable in software from 2 to 
256 bytes

• 512-byte on-chip message buffer XRAM for single-chip systems (independent of 1K 
scratch-pad RAM)

• Message buffer memory extendable off-chip to 8K bytes (256 bytes x 32 objects)

�
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• Memory mapped registers, with selectable base address, can be mapped anywhere in 
logical data memory space by user software.

• On-chip 512 byte XRAM with selectable base address can be used for all 32 message 
buffers in single-chip systems.

• Programmable bus timing supports most types of external memory.

• External WAIT

• Arbitration between CPU and DMA bus access requests

�
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• Four 8-bit wide I/O ports with four available output configurations per pin
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• Support for as many SPI slave devices as there are available I/O port pins

• Selectable clock polarity

• Programmable bit rate, from 1/32 to 1/4 of the system clock rate

• Variable data frame length, from 1 to 8 bits
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• Independent, programmable baud rates for Tx and Rx

• Four operating modes

• 8 or 9 data bits
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• Three enhanced XA timer/counters 

• Each can be either a timer or an event counter.

• Each may be dynamically read during operation.

• Programmable clocking frequency

• Either Timer 1 or Timer 2 can be UART baud rate generator.
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• Programmable clocking frequency

• If enabled, protects against infinite loops and other unintentional software states
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• Acceptance Filtering
A process the XA-C3 implements in hardware to determine if a CAN frame should be 
accepted or ignored. If accepted, the frame is stored by DMA in the appropriate 
message object’s buffer space.

• CAN Identifier (CAN ID)
An 11-bit (Standard Format) or 29-bit (Extended Format) identifier field which is part 
of the CAN frame header. This ID field is used to arbitrate frame access on the CAN 
bus. The CAN ID is also used in acceptance filtering to match an incoming frame with 
the intended receiver, and in Tx pre-arbitration to prioritize concurrently pending 
transmit frames.

• CTL
CAN Transport Layer. A generic term for any higher-level protocol which employs the 
CAN communication protocol (per Bosch CAN 2.0B specification) to exchange 
messages exceeding the 8 data byte limit of CAN frames. A unique property of CTL 
protocols is the ability to transport these messages while not interfering with real-time 
control systems that share the CAN bus.

• Fragmented Message
A lengthy message (usually in excess of 8 bytes), which is divided into data packets, 
and transmitted using a sequence of individual CAN frames. The format by which a 
sequence of frames combines to form a complete message is defined within the CTL 
protocol being used. The XA-C3 reassembles these packets into the original, lengthy 
message in hardware, and reports via interrupt when the complete message is available 
in the associated receive message object’s buffer.

• Mask
A 29-bit field, specified by the user, which can disable the acceptance filtering 
comparison for any bit, or combination of bits, in the CAN Identifier. Setting a mask 
field bit to ‘1’ will always yield a match for that bit position. Masking allows a single 
XA-C3 message object to respond to multiple CAN Identifiers.

• Match ID
A 30-bit field, specified by the user, to which the incoming screener is compared 
during acceptance filtering. By programming an object’s Match ID, the user is 
associating a CAN Identifier with that object.

• Message Buffer
A resizable, relocatable block of data memory which is available to a message object. 
The CPU writes outgoing messages into a Tx object’s message buffer, and incoming 
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messages are stored by DMA in a receive object’s message buffer for retrieval by the 
CPU.

• Message Object
One of 32 unique CAN objects, each with its own identifier and message buffer space 
in data memory. Any message object may be a transmitter or receiver at any given 
time.

• MMR
Memory mapped register. An on-chip command/control/status register. All MMRs 
exist in a contiguous block of logical space, whose base address is selected by the user. 
MMRs are accessed as normal data memory by the CPU, but are inaccessible to DMA.

• Screener
A 30-bit field extracted from each incoming frame. The screener includes the CAN ID 
and the IDE bit, and for Standard Format frames it also includes the first two data 
bytes from the CAN data field. These 30 extracted bits are the information qualified by 
acceptance filtering.

• SFR
Special function register. An on-chip command/control/status register. All SFRs exist 
in a contiguous block, in a unique logical space separate from code and data memory. 
The addresses of all SFRs are fixed and absolute. SFRs are always accessed without 
reference to a pointer or segment register, and can only be accessed using certain 
instructions in which the SFR address is encoded. The low 64 bytes in SFR space are 
bit-addressable.

• Standard Format and Extended Format frames
The Standard Format uses an 11- bit identifier, and is the frame format defined in the 
CAN 2.0A specification. The Extended Format uses a 29-bit identifier, and is defined 
in the CAN 2.0B specification. The XA-C3 is fully compatible with both frame 
formats.

• TLC
Transport Layer Co-processor. A group of XA-C3 hardware functions that in concert 
allow the fully automatic exchange of fragmented messages.

• Tx Pre-Arbitration
The prioritization of transmit messages, from multiple objects, which are pending 
simultaneously. There are two Tx Pre-Arbitration schemes available in the XA-C3.
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The actual transmission and reception of bits via the CAN bus is managed by the CAN 
Core. The core handles CRC error checking, CAN arbitration, zero insertion, bus timing, 
bus error tracking, and all other mechanical aspects of CAN communications.

CAN frames destined for the XA-C3 are received by the core, and subsequently passed to 
a receive message object via the Message Handler’s DMA engine. Frames to be 
transmitted are passed from the Message Handler to the core, where they are driven onto 
the CAN bus to compete with other transmitting nodes (see Figure 2-1).
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The different operating modes of the CAN Core are covered in Section 2.2. Configuration 
of the CAN TxD and CAN RxD pins is the subject of Section 2.3. The current status of 
the core is the subject of Section 2.4, while the configuration of the core’s timing 
parameters is the subject of Section 2.5. The interrupts presented by the core to the CPU 
are covered in Section 2.6. and detailed descriptions of the registers used by the core are 
given in Section 2.7.
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After a power-up or hardware reset, the CAN Core will be in Reset mode. When the core 
is in Reset mode, the RR bit in CANCMR[0] will always be ‘1’. If the core is not in 
Reset mode, setting the RR bit (either by hardware or software) will force it into Reset 
mode. When in Reset mode, the internal state machine of the CAN Core is frozen.

Typically after a power-up or hardware reset, once the boot-up and configuration routines 
are complete, the CPU will put the CAN Core into Normal mode by clearing the RR bit. 

When the core is in Normal mode, any of the following will cause the RR bit to be set, 
forcing the core into Reset mode:

• Hardware reset

• Software writing ‘1’ to the RR bit

• Bus-Off condition

• Tx Buffer Underflow condition

When the core detects a set RR bit, any current message transmission or reception is 
aborted. In addition, the ‘special modes’ of the core can only be entered from Reset mode 
(see Section 2.2.2), and the Rx pin polarity and Tx output driver configurations can only 
be changed from Reset mode (see Section 2.3.2 and Section 2.3.1).

�
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There are three special operating modes of the core: Sleep mode, Self Test mode, and 
Listen Only mode. These modes are discussed below.

�
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If and only if the core is currently in Reset mode, then Self Test mode can be entered by 
setting the ST bit in CANCMR[6]. Self Test mode allows the XA-C3 to transmit a 
message successfully, even if it is the only active node on the CAN bus. An acknowledge 
(ACK) is not required for a successful transmission. Clearing the ST bit returns the core 
to Reset mode.

�
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If and only if the core is currently in Reset mode, then Listen Only mode can be entered 
by setting the LO bit in CANCMR[5]. In Listen Only mode, the Tx and Rx Error 
Counters are frozen, and the core is in the Error Passive condition. The EP flag bit in 
CANSTR[6] will be set, and so will the ERRP status flag in FESTR[0]. However, no 
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subsequent error conditions will be flagged, and message transmission is not possible. 
Clearing the LO bit returns the core to Reset mode.

�
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When the XA CPU is put into Idle mode, by setting the IDL bit in SFR PCON[0], the 
system clock to the processor core is gated off, but the clock to on-chip peripherals is 
unaffected. In the XA-C3, as an optional power saving feature, the CAN Core together 
with the Message Handler can be included in Idle mode along with the CPU. This is 
accomplished with the SLPEN bit in CANCMR[3]. For a discussion of Power-Down and 
Idle modes in the XA-C3, please see Chapter 6, “XA CPU and On-Chip Peripherals,” in 
this manual. For additional background, please see Subsection 4, CPU Organization, in 
the XA User Guide, Section 3 of 16-Bit 80C51XA Microcontrollers (eXtended 
Architecture) Data Handbook IC25.

If the SLPEN bit is clear, which is the default state from reset, the system clock will 
remain active in the CAN Core and associated messaging circuitry when the XA CPU 
enters Idle mode. In other words, SLPEN = 0 means that the CAN Core and messaging 
circuits remain awake when the XA core is in Idle mode.

If the SLPEN bit is set to ‘1’, the system clock to the CAN Core and messaging circuits 
will be gated off when the XA CPU goes into Idle mode. This state is called Sleep mode.

The procedure below must be followed in order to put the CAN Core and associated 
messaging circuits into Sleep mode:

1. The SLPEN bit in CANCMR[3] is set to ‘1’

2. The XA is put into Idle mode by setting the IDL bit in SFR PCON[0]

At this point, Sleep mode for the CAN Core and messaging circuits will actually 
commence when the following two conditions become true:

A. There is no activity on the CAN bus

B. No interrupts from the CAN Core are pending

Once the CAN Core is in Sleep mode, any transition on the CAN Rx input pin will 
immediately reenable the clock, and the CAN Core will begin receiving the incoming 
frame. Assuming no other interrupts occur, then only when an enabled CAN Core or 
Message Handler interrupt finally occurs will the XA CPU come out of Idle mode. 
Otherwise, the CAN Core and messaging circuitry will be free to go back into Sleep 
mode each time conditions A and B become true.

 

1

 

1 

 

When conditions A and B are true, hardware will set the SLPOK bit in CANSTR[2], for the benefit of 
the CPU. Before putting the XA-C3 chip into Power-Down mode, the CPU should first check the state of 
the SLPOK bit. For a discussion of Power-Down mode, please see Chapter 6, “XA CPU and On-Chip 
Peripherals.”
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The output driver for the CAN TxD pin can be configured for push-pull or open drain 
configurations, using the OC1 bit in CANCMR[2]. The default state from reset is 
push-pull. Please see Figure 2-2.
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The RXP bit in CANCMR[7] allows the bit stream on the CAN RxD pin to be interpreted 
by the core as having non-inverted or inverted polarity. The default state from reset is 
non-inverted, and the RXP bit can only be changed when the CAN core is in Reset mode.

�("���%!���
������.�����
�����	��������(���6�����.�������
�"��

G(��� #�(���.

& ���!��/���������(���6�*���
�����	����+�,�.���I��.�J����
�����	���(����������/����/��+

� ��/���������(���6�*���
�����	����+�,�.���I��$J����
�����	���(����������/����/��+

P

CAN TxD pin

OC1 = 0 Push-Pull

Vdd

N

From Tx Logic

CAN TxD pin

OC1 = 1 Open Drain

From Tx Logic N



16 
�(�����%0�����
���
���


���������(�����*�����
���
���

%+) 
���������(�����*�����
���
���

The current status of the CAN Core can be determined by reading bits in the CANSTR 
register.

%+)+� 4��!1��(���4��!1**���(���

The BS (Bus Status) bit in CANSTR[7] reflects the Bus-On and Bus-Off status of the 
core. BS = 0 means the CAN core is currently involved in bus activity (Bus-On), while 
BS = 1 means it is not (Bus-Off).

When the Transmit Error Counter exceeds the predefined value 255d, the BS bit is set to 
‘1’ (Bus-Off). In addition, the RR bit is set to ‘1’ (putting the core into Reset mode), and 
the BOFF status flag is set, generating a Frame Error interrupt if enabled. The Transmit 
Error Counter is preset to 127d, and the Receive Error Counter is cleared to 00h. The 
CAN Core will remain in this state until it is returned to Normal mode by clearing the RR 
bit.

Once the RR bit is cleared, the Tx Error Counter will decrement once for each occurrence 
of the Bus-Free signal (11 consecutive recessive bits). After 128 occurrences of Bus-Free, 
the BS bit is cleared (Bus-On). Again, the BOFF status flag is set, generating another 
Frame Error interrupt if enabled. At this point, both the Tx and Rx Error counters will 
contain the value 00h. At any time during the Bus-Off condition (BS = 1), the CPU can 
determine the progress of the Bus-Off recovery by reading the contents of the Tx Error 
Counter.

During Bus-Off, a return to Bus-On can be expedited under software control by the CPU. 
If BS = 1, writing a value between 0 and 254 to the Tx Error Counter and then clearing 
the RR bit will cause the BS bit to be cleared after only one occurrence of the Bus-Free 
signal. As in the case above, on the 1-to-0 transition of the BS bit, the BOFF status flag 
will be set, generating another Frame Error interrupt if enabled.

For system testing purposes, the CPU can also initiate a Bus-Off condition, if the CAN 
Core is first put into Reset mode by setting RR = 1. Next, the value 255 is written to the 
Tx Error Counter, and the RR bit is cleared. With the core back in Normal mode, the Tx 
Error Counter contents are interpreted, and the Bus-Off condition proceeds as described 
above, exactly as if it had been caused by bus errors.

Note that the Tx Error Counter can only be written to when the CAN Core is in Reset 
mode, and that both 0-to-1 and 1-to-0 transitions of the BS bit will cause the BOFF status 
flag to be set, generating Frame Error interrupts if enabled. Please see Figure 2-3.
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The EP bit in CANSTR[6] reflects the Error Passive status of the core. If either the Tx or 
Rx Error Counter equals or exceeds the predefined value 128d, then the EP bit will be set 
to ‘1’. Subsequently, if both counters decrement below 128d, the EP bit will be cleared to 
‘0’. 

Both 0-to-1 and 1-to-0 transitions of the EP bit will cause the ERRP status flag to be set, 
generating a Frame Error interrupt if enabled. Please see Figure 2-4.

%+)+� ������;(����.

The EW bit in CANSTR[5] reports the error status of the core, with regard to the Error 
Warning Limit defined by the user. If EW is ‘0’, then both the Tx and Rx Error Counters 
contain values less than that stored in the Error Warning Limit Register. If either counter 
reaches or exceeds the value stored in the EWLR register, then the EW bit will be set to 
‘1’. Subsequently if both counters decrement below the value stored in the EWLR 
register, the EW bit will be cleared to ‘0’.

Both 0-to-1 and 1-to-0 transitions of the EW bit will cause the ERRW status flag to be 
set, generating a Frame Error interrupt if enabled. Please see Figure 2-5.

The reset value of the EWLR register is 96h. The CPU can change the value in the 
EWLR register at any time, either during Reset or Normal mode.

%+)+) ��(��������(���

The transmit status of the core is reported by the TS bit in CANSTR[4]. TS = 0 means the 
transmitter is currently idle, while TS = 1 means the core is transmitting.

%+)+3 �����/����(���

The receive status of the core is reported by the RS bit in CANSTR[3]. RS = 0 means the 
receiver is currently idle, while RS = 1 means the core is receiving.
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Timing parameters for the CAN Core are specified in the 16-bit CAN Bus Timing 
Register (CANBTR). CANBTR can only be written to while the core is in Reset mode. 
When the core is in Normal mode, CANBTR becomes read-only.

Let us define the period of CClk, the XA core’s system clock, as follows:

tCClk = 1 / fXTAL1

%+3+� ����
���
����
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The CAN Core has a programmable, internal master clock which is derived from CClk. 
The period of the CAN Core Clock (tCANClk) is programmed by storing a 6-bit prescaler 
(called BRP) in bits [5:0] of the CANBTR register, and is defined in terms of the period 
of CClk as follows:

tCANClk = (2)(tCClk)(BRP + 1)

%+3+% �����6�������<(�����'����;����

To compensate for phase shifts due to differences between clock oscillators, a bus 
controller must have the ability to resynchronize itself based on state transitions on the 
CAN bus itself. The Synchronization Jump Width is defined as the maximum number of 
CANClk cycles by which the CAN Core may resynchronize during any one CAN bit 
period.

TxERC

EWLR
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The Synchronization Jump Width is programmed by storing a 2-bit constant (called SJW) 
in bits [7:6] of the CANBTR register, and is defined in terms of the period of CANClk as 
follows:

tSJW = (tCANClk)(SJW + 1)

%+3+� ����.�������*�(�
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Each CAN bit period is subdivided into three segments: Synchronization Segment, Phase 
Segment 1, and Phase Segment 2. The number of CANClk cycles in one CAN bit period 
is equal to the sum of the durations of these segments. The CAN bus is sampled at the 
end of Phase Segment 1, so the relative location of the sampling point within a bit period 
can be adjusted by changing the relative durations of Phase Segments 1 and 2. The 
general structure of a bit period is shown in Figure 2-6.

%+3+�+� 
�(�����.������

Phase Segment 1 can be from 1 to 16 CANClk cycles in length. The duration of Phase 
Segment 1 is programmed by storing a 4-bit constant (called SEG1) in CANBTR[11:8], 
and is defined in terms of the period of CANClk as follows:

tSEG1 = (tCANClk)(SEG1 + 1)

%+3+�+% 
�(�����.�����%

Phase Segment 2 can be from 1 to 8 CANClk cycles in length. The duration of Phase 
Segment 2 is programmed by storing a 3-bit constant (called SEG2) in CANBTR[14:12], 
and is also defined in terms of the period of CANClk.

tSEG2 = (tCANClk)(SEG2 + 1)

%+3+�+� �6�������<(�������.����

The duration of Synchronization Segment is fixed, and is equal to one CANClk cycle.

tSyncSeg = (tCANClk)(1)

%+3+) �(������
���4��

The CAN bus can be sampled once or three times per bit. The choice is made using the 
SAM bit in CANBTR[15]. The location of the sample point (or points) within the bit 
period is shown in Figure 2-6.

• SAM = 0 The bus is sampled once per bit. Recommended for high speed busses 
(SAE Class C).
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• SAM = 1 The bus is sampled three times per bit. Recommended for low/medium 
speed busses (Class A and B).
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The CAN Core presents one unique event interrupt to the XA Interrupt Controller, by 
setting the Frame Error Interrupt Flag (the FERIF bit) in CANINTFLG[4]. There are six 
conditions generated from within the CAN core, any of which can cause the Frame Error 
Interrupt Flag to be set. The six conditions are:

• Bus Error

• Pre-Buffer Overflow

• Arbitration Lost

• Error Warning

• Error Passive

• Bus-Off

tCANClk

tCClk

tSyncSeg

Sync
Segment Phase Segment 1

Sample Points
for SAM = 1

Sample Point
for SAM = 0

Phase Segment 2 Sync
Segment

tSEG2 = 3tCANClk

BRP

CClk

CANClk

For this example:
BRP = 1

SEG1 = 5
SEG2 = 2

One bit period
tSEG1 = 6tCANClk
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Each condition has a corresponding status flag in the Frame Error Status Register 
(FESTR), which will be set when that condition occurs. Each frame error status flag can 
be independently enabled or disabled as a source of frame error interrupts, by setting or 
clearing the corresponding bit in the Frame Error Enable Register (FEENR). 

The Frame Error Interrupt Flag bit is cleared using a two-step process:

1. The six individual frame error status flags in the FESTR register must first be 
cleared. Details on clearing these flags can be found in Sections 2.6.1 through 2.6.6.

2. The FERIF bit can then be cleared by writing ‘1’ to the flag’s bit position in 
CANINTFLG[4].

Like all XA event interrupts, the Frame Error interrupt itself can be enabled and disabled 
using its enable bit in the interrupt enable SFRs (the ECER bit in SFR IEH[7]). The 
Frame Error interrupt logic is depicted graphically in Figure 2-7.
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When a Bus Error occurs, the BERR status flag in FESTR[3] will be set, generating a 
Frame Error interrupt, if enabled. The BERR status flag is cleared by executing a read of 
the Error Code Capture Register.

The type and location of the error within the bit stream will be encoded and stored in the 
Error Code Capture Register (ECCR) for the benefit of the user application. The ECCR 
register must be read by the CPU in order to be reactivated for capturing the next error 
code, as well as to clear the BERR status flag. Error codes in the ECCR register are 
interpreted as shown in Table 2-2.
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The CAN Core will store thirteen bytes of the incoming bit stream in its Receive 
Pre-Buffer, while DMA of the previous frame is ongoing. If for some reason the DMA 
engine is unable to gain access to the bus for an extended period, storage of the previous 
frame in message buffer memory could be delayed long enough for the Receive 
Pre-Buffer to overflow. For a detailed timing analysis of Pre-Buffer Overflow, please see 
Appendix C.

Overflow, in this case, means that once the Receive Pre-Buffer is full, subsequent 
incoming bits will be ignored. Note that this new message might not be intended for the 
XA-C3, but for some other device on the CAN bus.

If the Receive Pre-Buffer overflows, the PBO status flag in FESTR[5] will be set, 
generating a Frame Error interrupt, if enabled. The PBO status flag is cleared by writing 
‘1’ to the flag’s bit position.

%+ +� ��"���(�����,���

During transmission, arbitration on the CAN bus can be lost to a competing device with a 
higher priority CAN Identifier. In this case, the ARBLST status flag in FESTR[4] will be 
set, generating a Frame Error interrupt if enabled. The ARBLST status flag is cleared by 
executing a read of the Arbitration Lost Capture Register (ALCR).

The bit position in the CAN Identifier at which arbitration was lost will be encoded and 
stored in the Arbitration Lost Capture Register for the benefit of the user application. The 
ALCR must be read by the CPU in order to be reactivated for capturing the next 
arbitration lost code, as well as to clear the ARBLST status flag. The encoded bit position 
latched into the ALCR register is interpreted as shown in Table 2-3, and an example is 
shown in Figure 2-8.
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%+ +) ������;(����.

The ERRW status flag in FESTR[1] will be set each time the EW bit in CANSTR[5] 
changes state, generating a Frame Error interrupt, if enabled. Please see SECTION 2.4.3 
for a discussion of the Error Warning condition and the EW bit. Note that both 0-to-1 and 


���������*��,
����.������>�����(�? ���������(����

& ��"���(�����,��������	%9+

� ��"���(�����,��������	%8+

% ��"���(�����,��������	% +

+++ +++

�& ��"���(�����,��������	�9+

�� ��"���(�����,�����������"��+

�% ��"���(�����,��������	��"��+

�� ��"���(�����,��������	�8�>���������*�(������6?+

+++ +++

�& ��"���(�����,��������	&�>���������*�(������6?+

�� ��"���(�����,�����������"���>���������*�(������6?+

Start of Frame

Example:

Extended Frame Messages:

Standard & Extended Frame Messages:

Result: ALCR = 08

ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21 ID20 ID19 ID18 SRTR IDE

ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21 ID20 ID19 ID18 SRTR IDE

ID14 ID13 ID12 ID11ID17 ID16 ID15 ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3 ID2 ID1 ID0 RTR

Start of Frame Arbitration Lost

Tx

16 17 18 1913 14 15 20 21 22 23 24 25 26 27 28 29 30 31Bit Number:

00 01 02 03 04 05 06 07 08 09 10 11 12Bit Number:

Rx
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1-to-0 transitions of the EW bit will cause the ERRW status flag to be set. The status flag 
is cleared by writing ‘1’ to the flag’s bit position.

%+ +3 ������
(���/�

The ERRP status flag in FESTR[0] will be set each time the EP bit in CANSTR[6] 
changes state, generating a Frame Error interrupt, if enabled. Please see Section 2.4.2 for 
a discussion of the Error Passive condition and the EP bit. Note that both 0-to-1 and 
1-to-0 transitions of the EP bit will cause the ERRP status flag to be set. The status flag is 
cleared by writing ‘1’ to the flag’s bit position.

%+ + 4��!1**

The BOFF status flag in FESTR[2] will be set each time the BS bit in CANSTR[7] 
changes state, generating a Frame Error interrupt if enabled. Please see Section 2.4.1 for a 
discussion of the Bus-Off condition and the BS bit. Note that both 0-to-1 and 1-to-0 
transitions of the BS bit will cause the BOFF status flag to be set. The status flag is 
cleared by writing ‘1’ to the flag’s bit position.
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%+8+�+� 
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���4��������.���.�����?

• MMR offset 272h

• Reset value 0000h

CANBTR

The CAN Bus Timing Register contains control bits which specify various timing 
parameters of the internal CAN bit-stream processor. For a discussion of CAN bus 
timing, please see Section 2.5.

SAM (Samples Per Bit)

SEG2 (Phase Segment 2 constant)
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SEG1 (Phase Segment 1 constant)

SJW (Synchronization Jump Width constant)

BRP (Baud Rate Prescaler constant)

%+8+�+% 
��
#��>
���
����
���(�����.�����?

• MMR offset 270h

• Reset value 01h

CANCMR

Various operating modes for the CAN Core are selected using this register. Writing to bit 
[1] has no effect, and the bit will always be read as ‘0’. Bit [4] is a reserved bit which 
must always be written with ‘0’, and must never be written with ‘1’.

RXP (Receive Polarity)

ST (Self Test mode)

G(��� #�(���.

&�!��3� �������(������*�
�(�����.��������H�(���>�����M��?�
��
�=��6����+
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LO (Listen Only mode)

SLPEN (Sleep Mode Enable)

OC1 (Output Control for CAN Tx pin)

RR (Reset Request)

%+8+�+� 
������>
���
������(������.�����?

• MMR offset 271h

• Reset value 00h

CANSTR

This register contains various status bits which report the current state of the core. 
Hardware can set and clear bits [7:2]. Bits [1:0] are always read as zeros.

BS (Bus Status)

G(��� #�(���.

& ,������1��6���������("���+
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EP (Error Passive)

EW (Error Warning)

TS (Transmit Status)

RS (Receive Status)

SLPOK (Sleep OK)

%+8+�+) 
�����-,��>
�������������-�(.���.�����?

• MMR offset 228h

• Reset value 00h

CANINTFLG

This register contains event interrupt flags that are seen by the XA Interrupt Controller. In 
addition to FERIF, the CAN Core’s Frame Error Interrupt Flag, it contains interrupt flags 

G(��� #�(���.
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for the Message Handler. Hence, bit descriptions for CANINTFLG[3:0] can be found in 
Chapter 3, “XA-C3 Message Handling,” in Section 3.9.1.9.

FERIF (Frame Error Interrupt Flag)

%+8+�+3 -�����>-�(�����������(������.�����?

• MMR offset 22Ch

• Reset value 00h

FESTR

This register contains the six Frame Error status flags, any of which can be enabled as a 
source of Frame Error interrupts.

PBO (Pre-Buffer Overflow status flag)

ARBLST (Arbitration Lost status flag)

BERR (Bus Error status flag)

G(��� #�(���.
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BOFF (Bus-Off status flag)

ERRW (Error Warning status flag)

ERRP (Error Passive status flag)

%+8+�+ -�����>-�(�����������("�����.�����?

• MMR offset 22Eh

• Reset value 00h

FEENR

This register contains the enable bits for the six types of Frame Error interrupts. Setting a 
bit in the FEENR register enables the corresponding status flag in the FESTR register to 
cause a Frame Error interrupt.

PBOE (Pre-Buffer Overflow Enable)

G(��� #�(���.
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ARBLSTE (Arbitration Lost Enable)

BERRE (Bus Error Enable)

BOFFE (Bus-Off Enable)

ERRWE (Error Warning Enable)

ERRPE (Error Passive Enable)

%+8+�+8 ����
�>���������
������?

• MMR offset 274h

• Reset value 00h

TxERC

The Tx Error Counter is preset to 128 when a Bus-Off condition occurs, and is cleared to 
00h on the subsequent Bus-On. The register is also cleared by a hardware reset. This 
register can only be written to when the CAN Core is in Reset mode.
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%+8+�+9 ����
�>���������
������?

• MMR offset 275h

• Reset value 00h

RxERC

The Rx Error Counter is reset to 00h when a Bus-Off condition occurs. The register is 
also cleared by a hardware reset. This register can only be written to when the CAN Core 
is in Reset mode.

%+8+�+: �;,��>������;(����.�,�������.�����?

• MMR offset 276h

• Reset value 96h

EWLR

The user-specified Error Warning Limit is stored in this register. If either the Rx or Tx 
Error Counter reaches or exceeds the Error Warning Limit, the EW bit in CANSTR[5] 
will be set to ‘1’. Subsequently, if both counters fall below the Error Warning Limit, the 
EW bit will be cleared. Both transitions of the EW bit will cause the ERRW status flag to 
be set, generating a Frame Error interrupt if enabled.

%+8+�+�& �

��>������
����
(��������.�����?

• MMR offset 278h

• Reset value 00h

ECCR

When a Bus Error occurs, the type and location of the error within the bit stream will be 
encoded and stored in the Error Code Capture register (ECCR) for the benefit of the user 
application. Please see Section 2.6.1 for details regarding the Error Type and Error Code 
fields.
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The CPU must read this register in order to reenable it for capturing the next error code, 
and to clear the BERR status flag. This register should be read before enabling the Bus 
Error interrupt.

%+8+�+�� �,
��>��"���(�����,����
(��������.�����?

• MMR offset 27Ah

• Reset value 00h

ALCR

When the transmitter loses arbitration to another node on the CAN bus, the precise 
position in the CAN Identifier where arbitration was lost is encoded and stored in the 
Arbitration Lost Capture Register. Please see Section 2.6.3 for details regarding the 
interpretation of the 5-bit code stored in ALCR[4:0]. ALCR bits [7:5] are always read as 
zeros.

The CPU must read this register in order to reenable it for capturing the next arbitration 
lost code, and to clear the ARBLST status flag. This register should be read before 
enabling the Arbitration Lost interrupt.
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All message handling in the XA-C3 is accomplished using XA-C3 message objects. 
Incoming CAN frames intended for the XA-C3 are passed from the CAN Core to the 
message handling circuits for storage in the appropriate receive object’s message buffer. 
Conversely, the message handler fetches a CAN frame from a transmit object’s buffer, 
and passes it to the CAN Core for transmission (see Figure 3-1).

Once a message object has been configured, the details of its use depend on whether the 
object is for receive or transmit, and the specifics of the messaging protocol for which it 
will be employed.

�+�+� 1�.(��<(������*������
�(����

Section 3.2 introduces the general concept of message objects, and message object 
registers. Message buffer configuration and system protocol selection are aspects of 
message object management which are common to both Tx and Rx objects, and are the 
subjects of Section 3.3 and Section 3.4, respectively. Section 3.5 covers the receive 
process and the use of Rx message objects, while Section 3.6 covers the transmit process 
and the use of Tx message objects. Section 3.7 is dedicated to the handling of RTR 
(Remote Transmit Request) frames. Section 3.8 covers the XA Event interrupts generated 
by the Message Handler, while Section 3.9 gives detailed descriptions of Message 
Handler registers.
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Message handling in the XA-C3 is accomplished using XA-C3 message objects. There 
are thirty-two independent message objects, numbered 0 - 31. At any given time, a 
message object can be either a receive object or a transmit object.

Each message object has access to its own block of address space in data memory, which 
is known as the object’s message buffer. Both the size and the base address of an object’s 
message buffer are programmable. For Tx objects, data to be transmitted are written by 
the CPU to the object’s message buffer, from where they are fetched by DMA and 
automatically fed to the CAN Core for transmission. For Rx objects, incoming data from 
the CAN Core are handed to DMA, which writes the data into the object’s message 
buffer.

Each message object is associated with a set of eight memory mapped registers dedicated 
to that object. Collectively, these 256 MMRs are known as the message object registers, 
and they occupy a contiguous block of addresses within the overall MMR space in data 
memory. For message object n, where 0 �  n ������ the eight message object registers are:

1. MnMIDH Message n Match ID High Word

2. MnMIDL Message n Match ID Low Word

3. MnMSKH Message n Mask High Word

4. MnMSKL Message n Mask Low Word

5. MnCTL Message n Control Register

6. MnBLR Message n Buffer Location Register

7. MnBSZ Message n Buffer Size Register

8. MnFCR Message n Fragment Count Register

In addition to the 256 message object registers, there are two MMRs whose parameters 
apply globally, to all 32 message objects. These are:

1. MBXSR Message Buffer and XRAM Segment Register

2. GCTL Global Control Register

Setting up a message object to participate in communications via the CAN bus involves 
configuring some or all of its message object registers, in addition to the MBXSR and 
GCTL registers, if they haven’t been previously configured.



40 
�(������0���!
��#���(.��5(�����.

#���(.��4�**�������	(�(�#����6

�+� #���(.��4�**�������	(�(�#����6

Each message object is associated with a block of addresses in data memory, known as 
the object’s message buffer. All message buffers are specified completely by their base 
address, and their size in bytes. It is important to note that there is not a dedicated block 
of data memory for each message buffer. It is the responsibility of the user to map each 
functional message buffer to a unique range of data memory addresses. Furthermore, a 
message object may use multiple buffer spaces in different blocks of data memory, if the 
user dynamically reconfigures its message buffer on the fly.

�+�+� #���(.��4�**�����<��
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Allowable message buffer sizes are 2, 4, 8, 16, 32, 64, 128, and 256 bytes. An object’s 
message buffer size is specified with the 3-bit field in bits [2:0] of the object’s MnBSZ 
Register, as shown in Table 3-1.
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When allocating space in data memory for message buffers, the following points should 
be kept in mind:

• For receiving single-frame CAN messages, only the 8 bytes from the CAN data field, 
plus one byte for XA-C3 FrameInfo, will require memory space. Therefore, in order to 
accommodate CAN frames with 8 data bytes (DLC = 1000b), a buffer size of 16 bytes 
must be selected.

• For hardware fragmentation assembly of multi-frame Rx messages with DeviceNet, 
CANopen, or OSEK as the system protocol, only 7 bytes of the data field from each 
frame will require memory space, plus one extra byte at the bottom of the buffer. If the 
system protocol is CAN/generic, all 8 bytes of the data field from each frame will 
require memory space. In all cases, space need not be allocated for CAN headers, 
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CRC, etc. Please see Section 3.5, Section 3.6, and Chapter 4, “XA-C3 CAN and CTL 
Support,” for details.

• For transmit objects, only the 8 (or fewer) bytes for the data field will require memory 
space.

�+�+% #���(.��4�**���4(�����������
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The most significant byte of the 24-bit base addresses for all message buffers is specified 
by the contents of the 8-bit MBXSR Register. Therefore, all 32 message buffers 
automatically reside within the same 64K byte segment pointed to by MBXSR. 
Additionally, the 512-byte on-chip XRAM is always positioned within that same 64K 
byte segment.

The lower 16 bits of a message buffer’s base address are specified by the contents of the 
MnBLR Register for that object. Therefore, the base address for Object n’s message 
buffer is specified by the following concatenation: MBXSR[7:0] MnBLR[15:0].

Formation of the buffer base address is subject to the following constraints:

• 256-byte buffers must be based at 256-byte boundaries, i.e., MnBLR = 00000000.

• 128-byte buffers must be based at 128-byte boundaries, i.e., MnBLR = x0000000.

• 64-byte buffers must be based at 64-byte boundaries, i.e., MnBLR = xx000000.

• 32-byte buffers must be based at 32-byte boundaries, i.e., MnBLR = xxx00000.

• 16-byte buffers must be based at 16-byte boundaries, i.e., MnBLR = xxxx0000.

• 8-byte buffers must be based at 8-byte boundaries, i.e., MnBLR = xxxxx000.

• 4-byte buffers must be based at 4-byte boundaries, i.e., MnBLR = xxxxxx00.

• 2-byte buffers must be based at word boundaries, i.e., MnBLR = xxxxxxx0.

Note: For the reception of multi-frame messages in CANopen and OSEK using hardware 
fragmentation assembly, there are additional constraints placed on the initialization of the 
MnBLR register. Details can be found in Chapter 4, “XA-C3 CAN and CTL Support.”

In applications with limited physical data memory, unused address space between 
message buffers can be minimized by mapping like-sized message buffers to contiguous 
address ranges, as shown in the example of Figure 3-2.

The XA-C3 DMA engine also uses the MnBLR register as the address pointer into an 
object’s message buffer. As such, the MnBLR register is incremented by hardware as 
successive bytes are written to, or read from, an object’s message buffer by DMA.
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At any given time, one of four higher-level protocols will be active for the XA-C3 device 
as a whole: CAN/generic, DeviceNet, OSEK, or CANopen. Whatever the selection, it 
applies to any and all message objects which are enabled for fragmented message 
reception, by having their FRAG bits set to ‘1’.

The system protocol selection is made with the 2-bit field [Prtcl1 Prtcl0] in bits [1:0] of 
the GCTL Register as shown in Table 3-2.

For this example:

MBXSR = 32h
M7BLR = 10C0h, M7BSZ = 07h
M6BLR = 1040h, M6BSZ = 06h
M5BLR = 1000h, M5BSZ = 05h
M4BLR = 0FC0h, M4BSZ = 05h

320FC0h

Object 4 buffer

321000h

Object 5 buffer

Object 6 buffer

64 bytes

64 bytes

128 bytes

321040h

Object 7 buffer
256 bytes

3210C0h

Data Segment 32h
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The XA-C3 hardware uses the state of [Prtcl1 Prtcl0] when assembling multi-frame Rx 
messages, and it is the user’s responsibility to supply the correct value for this bit field. 
The system protocol only affects Rx message objects whose FRAG bits are set to ‘1’. Rx 
message objects whose FRAG bits are ‘0’ treat individual CAN frames as complete 
messages. For details regarding the FRAG bit, see Section 3.5.

�+3 ���������/��
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Any XA-C3 message object is made a receive object by setting the object’s Tx/Rx bit, in 
MnCTL[2]. When ready, the object is enabled to receive by setting the object’s OBJ_EN 
bit, in MnCTL[4].
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The bit-stream on the CAN bus (via the CAN Rx pin) is first assembled and processed by 
the Can Core. When an error-free CAN frame has been received, XA-C3 message 
handling takes over and the acceptance filtering process begins. If acceptance filtering 
produces a match with the match ID of an enabled Rx message object, the frame is stored 
by DMA in that object’s message buffer. Frames are stored differently based on the state 
of the object’s FRAG bit (in MnCTL[1]), which must be configured by the user. Upon 
storage of a complete frame (or, upon storage of the final frame of a fragmented message) 
a message complete status flag will be set for the object, which will generate an interrupt 
if enabled. These aspects of Rx message handling are covered in detail in the following 
sections.

�+3+% ������(����-�������.

The XA-C3 builds a 30-bit screener using the incoming frame’s CAN Identifier, its IDE 
bit, and possibly the first two bytes from the CAN data field. The screener is then 
compared to the match IDs for all currently enabled receive objects. For each object, 
individual bit positions can be excluded from the comparison by configuring the object’s 
mask field.
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If a match is found, the frame will be stored by DMA in that object’s message buffer. If 
there is a match with multiple enabled receive objects, the object with the lowest object 
number will receive the frame.

To summarize, acceptance filtering proceeds as follows:

• The screener is extracted from the incoming CAN frame. The screener is assembled 
differently for Standard Format and Extended Format frames.

• The screener is compared to the match ID field of each enabled receive message 
object, excluding any bits which an object has masked.

• If a match is found, the frame is stored by DMA in the object’s message buffer.

In the following sections, we look at the details of identifiers, screeners, match IDs, and 
mask fields. Before proceeding, please see Figure 3-3 which shows the specific elements 
that make up the Standard and Extended Format CAN frames.

-�.�����!���
�����(��(���(������������-�(���-���(��

�+3+%+� ����
���������*���

The identifier functions as a CAN message’s name, and is used in acceptance filtering to 
route an incoming frame to the correct Rx message object. The identifier also determines 
a message’s bus access priority during the transmit arbitration process, with lower binary 
numbered identifiers having higher priority. 

For the Standard Frame Format, the identifier is 11 bits long, consisting of bits ID28 - 
ID18 from the CAN bit stream. For the Extended Frame Format, the identifier is 29 bits 
long, consisting of bits ID28 - ID0 from the CAN bit stream. Please see Figure 3-4.

0 - 8 bytes11-bit Identifier
ID28 - ID18

Arbitration
Field

15-bit CRC CRC
DEL 7 bits Intermission

3 bits
Bus Idle

(indefinite)
4-bit DLC

DLC3 - DLC0 ACK ACK
DELRTR IDESOF r0

Control
Field

Data
Field

CRC
Field

ACK
Field

End of
Frame

Interframe
Space

Interframe
Space

Bus Idle

Interframe
Space

Bus Idle

Interframe
Space

4-bit DLC
DLC3 - DLC0

CRC
DEL ACK ACK

DEL
11-bit base ID
ID28 - ID18

Arbitration
Field

0 - 8 bytes 15-bit CRC Bus Idle
(indefinite)

Intermission
3 bits7 bits18-bit Extended ID

ID17 - ID0 RTR r1 r0SRR IDESOF

Control
Field

Data
Field

CRC
Field

ACK
Field

End of
Frame

Extended Frame Format

Standard Frame Format
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The screener is extracted from the incoming CAN frame, and is assembled differently for 
Standard and Extended Format frames. The SFF Screener consists of the 11-bit SFF 
Identifier concatenated with Data Bytes 1 and 2 from the CAN Data Field, followed by 
two unused bits and the frame’s IDE bit. The EFF Screener is simply the complete 29-bit 
EFF Identifier followed by the frame’s IDE bit. Both screeners are shown in Figure 3-5.

-�.�����!3������������*�����(��(���(������������-�(���-���(��

�+3+%+� ����#(�����	�-����

In order to associate an XA-C3 message object with a CAN message, the value of the 
anticipated screener must be stored in the object’s match ID field. The match ID field is 
contained in the pair of registers MnMIDH and MnMIDL. The match ID must be stored 
left-justified, as shown in Figure 3-6.

SFF Identifier

EFF Identifier

#�" ,�"

�	%9 �	%8 �	% �	%3 �	%) �	%� �	%% �	%� �	%& �	�: �	�9
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SFF Screener

EFF Screener
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The following points with regard to Figure 3-6 should be noted:

• For SFF messages, there are two unused bits in the incoming screener which 
correspond with bit positions MnMIDL[4:3]. Technically, the values written to 
MnMIDL[4:3] are ‘don’t care’ because, for SFF messages, these bit positions MUST 
be masked out in the MnMSKL register (see Section 3.5.2.4 below)!

• The MIDE bit in MnMIDL[2] must be configured by the user to reflect the frame 
format being used by CAN messages intended for this object (0 = Standard Format, 1 
= Extended Format). Even if all other bits from the incoming screener are identical to 
their counterparts in the match ID field, if the incoming IDE bit is unequal to the 
MIDE bit, the message will not pass acceptance filtering.

• The unused bits in MnMIDL[1:0] will always be read as zeros. Writing to these bits 
has no effect.

�+3+%+) ����#(�=�-����

Every bit in an object’s match ID field has a corresponding bit in the mask field, except 
the MIDE bit in MnMIDL[2] and the two unused bits in MnMIDL[1:0]. When a mask 
field bit is set to ‘1’, that bit position becomes a ‘don’t care’ from the standpoint of 
acceptance filtering. In other words, setting a mask field bit to ‘1’ will always yield a 
match for that bit position. Please see Figure 3-7.

As a result, if one or more mask field bits are set, the acceptance filtering process will 
attempt to match the object to several identifiers, or ranges of identifiers. The mask field 
is stored in the pair of registers MnMSKH and MnMSKL, as shown in Figure 3-8.

Creating the SFF Match ID field

Creating the EFF Match ID field
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These points should be kept in mind when configuring an Rx object’s Mask registers:

• If the object is intended to accept Standard Frame Format messages, the two unused bit 
positions in the SFF Screener MUST be masked out by setting MnMSKL[4:3] = 11.

• The IDE bit position is not maskable.

• For applications which use the Standard Frame Format, but do not use Data Byte 1 
and/or Data Byte 2 for identifier-type information, the unused bit positions must be 
masked out.

Acceptance filtering for object n, based on the assembled screener, the match ID field in 
MnMIDH/MnMIDL, and the mask field in MnMSKH/MnMSKL is depicted graphically 
in Figure 3-9 and Figure 3-10 for the Standard and Extended Frame Formats, 
respectively.

When a message has passed acceptance filtering, and a match has been found with an 
enabled receive object, the message is transferred by the DMA engine to that object’s 
message buffer. The details of this process differ depending on whether the object has 
been configured with FRAG = 0, or FRAG = 1, as discussed in the following sections.

screener bit

match field bit
1 = acceptance true

0 = acceptance false

mask field bit
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An Rx message object must be configured to receive a non-fragmented, single-frame 
CAN message by clearing the object’s FRAG bit, in MnCTL[1], to ‘0’. It is the 
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responsibility of the user application to configure the FRAG bit before enabling the 
object.

If FRAG = 0, then the frame is written by the DMA engine into the object’s message 
buffer as shown in Figure 3-11.
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For objects with FRAG = 0, the object’s Message Complete Status Flag (MCSF), in 
either the MCPLH or MCPLL register, will be set after frame storage is complete. This 
flag can be used to generate an interrupt to the CPU. Please see Section 3.8.1.1 and 
Section 3.8.1.2 for details on this status flag and interrupt.
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Since the message buffer areas of data memory can be accessed both by the DMA engine 
and the CPU, there is a method for insuring that no CPU reads from a message buffer 
occur while DMA is writing to that buffer. The XA-C3 uses a 3-state semaphore, encoded 
with the two semaphore bits SEM1 and SEM0, in FrameInfo[5:4], for this purpose. This 
mechanism provides the CPU with information about the current state of DMA activity in 
receive object message buffers.

The semaphore operates in the following manner:

• [SEM1 SEM0] = 01 … DMA is in the process of updating the buffer

• [SEM1 SEM0] = 11 … DMA has finished updating the buffer

• [SEM1 SEM0] = 00 … CPU is in the process of reading from the buffer

……

Data Byte 2

Data Byte 1

DLC FrameInfo byte

DLC bytes

IDE RTR SEM1 SEM0

Data Byte DLC

01234567

offset 0

offset 1

offset 2

offset DLC
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Prior to writing the first data byte into the message buffer, the DMA engine will write the 
FrameInfo byte into buffer location 0, with [SEM1 SEM0] = 01.

After having written the last data byte into the message buffer, the DMA engine will 
update the semaphore bits by setting [SEM1 SEM0] = 11.

Before reading from the buffer, the CPU can read [SEM1 SEM0] to determine the current 
state of DMA activity therein. If [SEM1 SEM0] = 01, then DMA is currently active in 
the buffer. But if [SEM1 SEM0] = 11 then the buffer is available to be read.

Before the CPU begins reading from the buffer, it should clear [SEM1 SEM0] = 00. 
When the CPU is finished reading, it can check [SEM1 SEM0] again. At the time of this 
final check, if [SEM1 SEM0] = 01 or 11, then DMA has updated the buffer during the 
time when the CPU reads were taking place, and the CPU should discard the data. If, on 
the other hand, [SEM1 SEM0] = 00 as expected, then valid data has been successfully 
read by the CPU. Of course, the user may choose not to use the semaphore at all, 
especially if message handling is interrupt driven.

�+3+�+� ������/��.��������������;�����
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If no bits are masked for the object which matched the frame, then the exact screener, and 
CAN Identifier, which produced the match will be known unambiguously. However, if 
one or more bits are masked, then any one of multiple screeners/identifiers could have 
caused the match. Therefore, the screener which caused the match is written by hardware 
back into the MnMIDH and MnMIDL registers, for the benefit of the user application, at 
the completion of the DMA buffer storage cycle.

The hardware will write the matching screener back into MnMIDH and MnMIDL using 
the format shown in Figure 3-12.

-�.�����!�%��-���(��*���������/��.�����(���(�����������$������(�����

For Extended Format frames

�3 #�#�	5 & �3 #�#�	, &

�	%9 �	%8 �	% �	%3 �	%) �	%� �	%% �	%� �	%& �	�: �	�9 �	�8 �	� �	�3 �	�) �	�� �	�% �	�� �	�& �	: �	9 �	8 �	 �	3 �	) �	� �	% �	� �	& �	� ! !

For Standard Format frames

�3 #�#�	5 & �3 #�#�	, &
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Receive objects with FRAG = 1 will automatically store fragmented, multi-frame CTL 
messages in their receive buffers, without CPU interrupts between frames. If the system 
protocol is DeviceNet, OSEK, or CANopen, then Data Byte 1 of each frame is stripped 
off and never gets stored in the buffer. Furthermore, for each frame no FrameInfo byte is 
stored in the buffer. If the system protocol is CAN/generic, then Data Byte 1 is not 
stripped off, but stored in the buffer, as is the FrameInfo byte for each frame. Details are 
presented in the following sections.

It is the responsibility of the user application to set the FRAG bit before enabling the 
object. If the value of the FRAG bit is ‘0’, then all frames destined for the object will be 
treated as single-frame CAN messages, as described in the previous sections. If, for some 
reason, the assembly of fragmented messages is to be handled by software, then the 
FRAG bit should be cleared to ‘0’.

For objects with FRAG = 1, the actual matching identifier for each frame of the 
fragmented message is not stored in the message buffer. Therefore, bit masking of the 
CAN Identifier, for the purpose of having a message object respond to multiple 
identifiers, is not recommended for objects doing hardware fragmentation assembly. It is 
recommended that each object with FRAG = 1 be configured to respond to one and only 
one CAN Identifier. 

It is important to note that all bit positions in the mask registers MnMSKH and MnMSKL 
remain active for objects with FRAG = 1. Therefore, for Standard Format frames, CAN 
Data Field bytes 1 and 2 plus the two unused bit positions in the SFF Screener must be 
masked by setting MnMSKH bits [4:0] and MnMSKL bits [15:3] to ‘1’. Please see 
Figure 3-9.

�+3+)+� �*������6�����
�����������	�/������C�
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In each frame of a fragmented DeviceNet, CANopen, or OSEK message, the first data 
byte (Data Byte 1) contains protocol-specific fragmentation information only. Since this 
information will be interpreted by the XA-C3 hardware during automatic fragmentation 
assembly, Data Byte 1 will not be stored in the receive object’s message buffer. 
Therefore, the first data byte stored for each frame is Data Byte 2. As a result, the number 
of data bytes stored per frame will be one less than the binary number in the received 
Data Length Code (DLC) for that frame. 

Data bytes from successive frames are stored in the message buffer in the order received. 
When the ‘End of Message’ has been decoded, and the final frame’s data bytes have been 
stored, the Byte Count is written into byte offset 0 of the buffer (address Buffer Base + 
0). The Byte Count represents the total number of data bytes which have been stored in 
the buffer. Remember, Data Byte 1 is never stored, for any frame.
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When hardware fragmentation assembly is enabled for an object, with DeviceNet, 
CANopen, or OSEK as the system protocol (FRAG = 1 and [Prtcl1 Prtcl0] �  00), 
information is stored in the object’s message buffer as shown in Figure 3-13.

-�.�����!����-�(.�����������(.�����"�**���*���-����@���(���A
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When the system protocol is CAN/generic ([Prtcl1 Prtcl0] = 00), receive objects with 
FRAG = 1 will store complete CAN frames in the order they are received, as shown in 
Figure 3-14.

If the incoming sequence of frames is a fragmented, multi-frame message which employs 
a user-defined fragmentation protocol, then it is the responsibility of software to separate 
each fragment’s control information from its data when the buffer is serviced. To 
facilitate this, the FrameInfo byte (which includes the DLC) for each frame is stored in 
the message buffer along with the frame’s full complement of data bytes. 

Since hardware cannot generate a Message Complete interrupt for an object with FRAG 
= 1 under the CAN/generic system protocol, the user should configure the object so that 
an Rx Buffer Full interrupt will occur when the last fragment has been received. For a 
detailed explanation of how this can be accomplished, please see the OSEK Multiple 
Frame message configuration procedure in Section 4.6 of Chapter 4.

…

DLC2 - 1 bytesFragment 2

DLCm - 1 bytesFragment m

Data Byte DLCm of frame m

Data Byte 2 of frame m

…

Data Byte DLC2 of frame 2

Data Byte 2 of frame 2

DLC1 - 1 bytesFragment 1 …

Data Byte DLC1 of frame 1

Data Byte 2 of frame 1

Buffer Base AddressByte Count

01234567
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If the incoming frames are a sequence of single-frame CAN messages, then the circular 
buffering functionality of the receive object can be exploited to advantage. When the 
number of stored frames exceeds the capacity of the message buffer, the DMA engine’s 
address pointer into the buffer will wrap around, and frame storage will resume at byte 
offset ‘1’ (not at offset ‘0’) of the buffer. This circular buffering can continue indefinitely, 
if the contents of the buffer are read before each wrap-around occurs. An Rx Buffer Full 
condition, which can generate an interrupt, will always occur prior to a DMA 
wrap-around. Please see Section 3.5.5.2 for details on the Rx Buffer Full condition, and 
circular buffering, for CAN/generic systems.

For receive objects with FRAG = 1, it is important to reiterate the difference between 
how frames are stored under the CAN/generic protocol and how they are stored under the 
CANopen, DeviceNet, or OSEK protocols: 

• CAN/generic

– Each frame will be stored starting with its FrameInfo byte, followed by Data Bytes 
1 - DLC for that frame.

• CANopen, DeviceNet, or OSEK

– Only Data Bytes 2 - DLC will be stored for each frame.

-�.�����!�)��
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…

Data Byte 2

Data Byte 1

DLC3IDE RTR — —

Data Byte DLC3

DLC1 bytes

FrameInfo1 Buffer Base Address

DLC2 bytes

FrameInfo2

DLC3 bytes

FrameInfo3

…
7 6 5 4 3 2 1 0

01234567
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For an object with FRAG = 1, with either DeviceNet or CANopen as the system protocol, 
the object’s Message Complete Status Flag (in either the MCPLH or MCPLL register) 
will be set only after the specially encoded DeviceNet or CANopen ‘Last Frame’ has 
been received, and stored by the DMA engine in the object’s message buffer. This flag 
can be used to generate an interrupt to the CPU. Please see Section 3.8.1.1 for details on 
this interrupt.

N�-���1��D����
��7.��������6�����0

An object with FRAG = 1 will not generate an Rx Message Complete status flag or 
interrupt, with either OSEK or CAN/generic as the system protocol, as there is no 
specially defined ‘Last Frame’ encoding in either case. Instead, an Rx Buffer Full status 
flag and interrupt can be generated at the completion of fragmented message reception. 
Please see the OSEK Multiple Frame message configuration procedure, in Chapter 4, for 
details.

�+3+3 ���4�**���-����
���������

As shown in Section 3.3.1 and Section 3.3.2, the topmost address in a given message 
buffer is determined by the buffer base address and the buffer size, as specified in the 
object’s MnBLR and MnBSZ registers. If the specified size of the message buffer is too 
small to contain all of the message data, then eventually the DMA pointer will wrap 
around, and begin again writing to the bottom of the buffer. This is called an Rx Buffer 
Full condition.

The Rx Buffer Full condition can only occur for Rx message objects whose FRAG bits 
are set to ‘1’. That is, the Rx Buffer Full condition will never occur for an Rx message 
object whose FRAG bit is zero, regardless of the state of [Prtcl1 Prtcl0]. However, the 
condition is defined differently if the system protocol is CAN/generic than it is for 
DeviceNet, CANopen, or OSEK systems.

�+3+3+� ���4�**���-����*���	�/������C�
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If [Prtcl1 Prtcl0] �  00, then an Rx object’s message buffer is considered ‘full’ when the 
following conditions are met:

1. The object’s FRAG bit is set to ‘1’.

2. If the system protocol is DeviceNet or CANopen, the CAN frame just stored in the 
object’s buffer is not the specially encoded ‘last frame’.

3. After storage of the frame, there are less than seven bytes remaining in the buffer.
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Since the maximum buffer size is 256 bytes, an Rx Buffer Full condition will eventually 
occur for any fragmented message with more than 255 data bytes total (excluding Data 
Byte 1 from each frame).

When an Rx Buffer Full condition is detected with [Prtcl1 Prtcl0] �  00, the following will 
occur:

• The current Byte Count is written into buffer location ‘0’.

• The Rx Buffer Full Interrupt Flag (RBFIF) is set to ‘1’. For details on this interrupt, 
see Section 3.8.2.

• The object’s number is stored in bits [4:0] of the MEIR register, and the RBFULL bit 
in MEIR[5] is set to ‘1’. Note that only the object with the most recent Rx Buffer Full 
or Message Error condition will be reported in the MEIR register.

• The MnBLR register is set to point at byte offset 1 in the message buffer, so 
subsequent data will be written to the buffer starting at buffer location ‘1’.

In DeviceNet or CANopen systems, when the specially encoded ‘last frame’ is eventually 
received and stored, the following will occur:

• The new Byte Count is written into buffer location ‘0’. Note that the new Byte Count 
equals the number of bytes stored in the buffer since the DMA wrap-around occurred. 
The new Byte Count does not reflect the total number of data bytes in the message.

• The object’s Message Complete Status Flag is set to ‘1’, generating an interrupt if 
enabled. For details on this status flag and interrupt, see Section 3.6.7.

There are two typical courses of action which may be taken when an object encounters an 
Rx Buffer Full condition.

1. Respond by reading the contents of the buffer, thereby making space available for 
subsequent data.

For this option, the application would retrieve the current Byte Count from buffer 
location ‘0’, and then read that many data bytes from the buffer. Subsequent arriving 
data will be stored in the buffer beginning at location ‘1’. After the last frame has 
finally been stored, the Byte Count in location 0 will indicate how many new bytes 
are in the buffer, bytes which have not yet been read.

2. Reposition the buffer in memory by modifying the object’s MnBLR register.

If there is available data memory, this option is highly efficient and can be 
implemented with very few instructions. It is important to note that the least 
significant bit of MnBLR will have been set to ‘1’ by hardware, after the current 
Byte Count was written to location ‘0’. When the buffer is repositioned by modifying 
MnBLR, the least significant bit must remain set to ‘1’. New data must be stored 
starting at byte offset ‘1’ of the new buffer, because the new Byte Count will be 
written to location ‘0’ upon storage of the last frame.
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In this case, the message object will have two (or more) separate buffer spaces in 
memory, each with its own Byte Count, and each containing a section of the 
complete message.

�+3+3+% ���4�**���-����*���
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If [Prtcl1 Prtcl0] = 00, then an Rx object’s message buffer is considered “full” when the 
following conditions are met:

1. The object’s FRAG bit is set to ‘1’.

2. After storage of a CAN frame, there are less than nine bytes remaining in the buffer 
(recall that an 8 data-byte CAN frame requires 9 bytes in buffer memory).

In this case, the following will occur:

• The Rx Buffer Full Interrupt Flag is set to ‘1’. For details on this interrupt, see Section 
3.8.2.

• The object’s number is stored in bits [4:0] of the MEIR register, and the RBFULL bit 
in MEIR[5] is set to ‘1’. Note that only the object with the most recent Rx Buffer Full 
or Message Error condition will be reported in the MEIR register.

• There is no Byte Count written to buffer location ‘0’. The MnBLR register is reset to 
point at byte offset ‘1’ in the message buffer, so subsequent frames will be written to 
the buffer starting at offset ‘1’.

It is important to note that when [Prtcl1 Prtcl0] = 00, since there is no Byte Count written 
to buffer location ‘0’, Rx message buffers function like circular buffers which always 
loop back to byte offset ‘1’ instead of ‘0’. If the user has been clever, and initialized the 
MnBLR register to begin frame storage at offset ‘1’, then circular buffering can continue 
indefinitely. The contents of the buffer need only be read after each Rx Buffer Full 
interrupt, before DMA wrap-around occurs. 

Alternatively, the buffer may be repositioned in memory by modifying the object’s 
MnBLR register, as described above for the case [Prtcl1 Prtcl0] �� 00.

�+3+ -�(.����(����������

For receive objects with FRAG = 1, when the system protocol is DeviceNet, CANopen, 
or OSEK, an out of sequence frame will be detected by the XA-C3 hardware. This 
condition, called a Fragmentation Error, can generate a Fragmentation Error interrupt. 
Fragmentation checking is disabled for all objects if the system protocol is CAN/generic, 
and no Fragmentation Errors will occur.

When a Fragmentation Error occurs for a receive object, the Message Error Interrupt Flag 
(MERIF) bit will be set, generating a CPU interrupt, if enabled. For details on this 
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interrupt see Section 3.8.3. Additionally, the object’s number will be stored in the MEIR 
Object Number field (MEIR[4:0]), and the FRAGERR bit in MEIR[6] will be set.

A Fragmentation Error condition is detected differently, depending on the system 
protocol currently selected:

• DeviceNet
If the Fragment Type field �� 00 (not First Fragment), then the Fragment Count must be 
one greater than the previous value received. If the Fragment Count is not one greater, 
a Fragmentation Error condition will result.

• OSEK
For each OSEK “ConsecutiveFrame” (CF) received, the “SequenceNumber” (SN) 
must be one greater than that of the previous frame. If the SequenceNumber is not one 
greater, a Fragmentation Error condition will result.

• CANopen
The value of the Toggle bit must change for every successive frame received. If the 
value of the Toggle bit is the same as for the previous frame, a Fragmentation Error 
condition will result.

If the system protocol is OSEK or CANopen, the receive object’s MnFCR register must 
be initialized by the user, in order for the Fragmentation Error detection mechanism to 
function properly. Details can be found in Chapter 4, “XA-C3 CAN and CTL Support.” 
For DeviceNet systems, no such initialization is necessary.
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Any XA-C3 message object can be made a transmit object by clearing the Tx/Rx bit in 
MnCTL[2]. When ready, the object is enabled to transmit by setting the OBJ_EN bit in 
MnCTL[4].

�+ +� ��(��������.�-�(.�������#���(.��

There is no direct hardware support for the transmission of fragmented, multi-frame 
messages using a single Tx message object. For any given Tx object, the user application 
is responsible for loading each frame independently. However, by using multiple transmit 
objects with the same CAN ID, and exploiting the XA-C3’s Tx pre-arbitration process, 
fragmented messages will be transmitted in the proper sequence by hardware. See 
Section 3.6.6 for details.

�+ +% 1/��/��$��*�������(������
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Transmitting a CAN frame using the XA-C3 involves the following steps:

• A Tx message object is configured.

• The 4-bit Data Length Code is written to the object’s MnMSKH register.

• The data field bytes are written to the object’s message buffer, including identifier-type 
information in Data Bytes 1 and 2 if appropriate.

• The object is enabled for transmission by setting the OBJ_EN bit in MnCTL[4].

• The enabled object participates in the Tx pre-arbitration process. When successful, the 
frame is passed to the CAN Core and onto the CAN bus where it competes for access 
with other transmitting nodes.

• After a successful transmission, the object’s Message Complete Status Flag is set, and 
the OBJ_EN bit cleared, by hardware.

Details of this process are presented in the sections that follow.

�+ +� 
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As in the case of Rx message objects, configuring a Tx object involves configuring its 
block of message object registers.

Message buffer location and buffer size configuration are specified in the same manner as 
for receive message objects. Please see Section 3.3 for a complete description of the 
procedure.
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The CAN Identifier and the IDE bit are written to the object’s MnMIDH and MnMIDL 
registers in the formats shown in Figure 3-15. Additionally, the RTR bit must be written 
to bit [0] of the object’s MnCTL register.
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The 4-bit Data Length Code for the current frame must be stored in the object’s 
MnMSKH register right-justified, as shown in Figure 3-16. The number of data bytes 
specified in the Data Length Code will be fetched from the object’s message buffer and 
transmitted in the frame’s data field.
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The data bytes for the CAN frame must be stored in the Tx object’s message buffer using 
the format shown in Figure 3-17. The number of data bytes that will be transmitted for 
the frame is specified in the Data Length Code. It is important to keep in mind that no 
FrameInfo byte is stored in the Tx message buffer, a fundamental difference between the 
Tx and Rx message buffer images (compare Figure 3-17 to Figure 3-11). The 
“FrameInfo” (CAN Identifier, IDE, and RTR bits) for the Tx frame is retrieved by the 

Standard Frame Format Tx Object

Extended Frame Format Tx Object
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transmit logic from the object’s MnMIDH, MnMIDL, and MnMSKH registers as 
discussed above.

The construction of a CAN Tx frame, from the various elements, is summarized 
graphically in Figure 3-18.

-�.�����!�8��#����6�4�**�����(.��*�����(��������.�(�
���*�(��+

-�.�����!�9��
�������������*�(�
���*�(���*�����(���������

……

Data Byte 2

Data Byte 1

DLC bytes

Data Byte DLC
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Once a Tx object has been prepared to transmit, as outlined above, the object must be 
enabled by setting its OBJ_EN bit, in MnCTL[4], to ‘1’. Once enabled, the object will 
participate in the Tx pre-arbitration process, which is the subject of the following section.
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If two or more Tx message objects are enabled to transmit at any given time, then a 
process called Tx pre-arbitration takes place, in order to prioritize the messages for 
presentation to the CAN Core, and onto the CAN bus.

The are two Tx pre-arbitration policies available for the XA-C3 device as a whole, and 
the choice is made by configuring the Pre_Arb bit in GCTL[2]. Recall that GCTL is the 
Global Control register, whose parameters apply to all 32 message objects.

• Pre_Arb = 0: Pre-arbitration is based on CAN ID, with object number a tie-breaker.
In this policy, internal priority is assigned to enabled Tx message objects based on 
their CAN Identifiers, as programmed in their MnMIDH and MnMIDL registers. The 
criteria used are the same as those used for determining priority on the CAN bus itself. 
Each time Tx pre-arbitration begins, the enabled Tx object with the highest priority 
CAN Identifier will be selected for transmission. In case two or more enabled Tx 
objects have the same CAN Identifier, then the internal priority will be assigned based 
on XA-C3 object number, with lower object numbers having higher priorities, exactly 
as in the case Pre_Arb = 1 described below.

• Pre_Arb = 1: Pre-arbitration is based on object number only.
In this policy, internal priority is based only on XA-C3 object number. The lower the 
object number, the higher its Tx pre-arbitration priority. Therefore, if Message Object 
0 is an enabled Tx object under this policy, it will always be selected first whenever Tx 
pre-arbitration begins. Similarly, Message Object 31 will always be selected last, if it 
is an enabled Tx object under this policy.

It is important to keep in mind that Tx pre-arbitration only affects the order in which 
enabled Tx messages are presented to the CAN Core, and onto the CAN bus. It has no 
effect whatever on the CAN bus arbitration process with other competing nodes in the 
system. When an XA-C3 object, which has won the pre-arbitration process, subsequently 
loses CAN bus arbitration to another transmitting node, the object will be reentered in the 
pre-arbitration process, which will start over (similarly, upon the successful transmission 
of a message, pre-arbitration will start over). This is to allow higher priority Tx objects to 
gain access to the CAN bus before lower priority objects, even if they were enabled later.

A Tx message, which is currently in pre-arbitration, can be cancelled by clearing that 
message object’s OBJ_EN bit. However, once an object has won the pre-arbitration 
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process and gained access to the CAN Core, the XA-C3 hardware will prevent the CPU 
from clearing the object’s OBJ_EN bit.

If there is only one Tx message object which is enabled, it will obviously be selected 
regardless of the current Tx pre-arbitration policy.

�+ +8 ���#���(.��
�������

The Message Complete condition for Tx objects is generated at the end of every 
successfully transmitted frame. A Tx Message Complete condition is accompanied by the 
following actions:

• The object’s Message Complete Status Flag is set to ‘1’, generating a CPU interrupt, if 
enabled. For details on this interrupt, please see Section 3.8.1.1.

• The object’s OBJ_EN bit, in MnCTL[4], is cleared to ‘0’. Subsequently, when the 
object has been prepared to transmit the next frame, OBJ_EN must be reenabled by the 
CPU.

• If there are more than one enabled Tx objects remaining, the Tx pre-arbitration process 
starts over.

Typically, the user application would wait for the Message Complete interrupt for a 
particular Tx object before attempting to write the next frame’s data to the object’s 
message buffer. Alternatively, the object’s OBJ_EN bit can be polled by the CPU.

�+ +9 ��(��������.�(�-�(.�������#���(.�

It is possible to set-up a Fragmented Transmit buffer by using the form of Tx 
Pre-Arbitration that secondarily arbitrates by Object number (Pre_Arb = 0,  GCTL[2]).  
Simply assign the same CAN-ID (MnMIDH/L) for each such Fragment and store them in 
monotonically increasing Objects (Object numbers).  If you then allow only the "Last" 
Fragment to generate an Interrupt, via it's INT_EN bit  (MnCTL[3]), you will generate a 
Tx interrupt after the last byte of the Last Fragment is transmitted.

�+8 5(�����.�����-�(���

A device acting as a receiver for a particular data set can initiate the transmission of that 
data by its source node. This is accomplished when the receiver transmits an RTR 
(Remote Transmit Request) frame.

Any XA-C3 message object is made into an RTR object by setting the RTR_EN bit in 
MnCTL[0].
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To transmit an RTR frame, a transmit message object is configured in the normal manner, 
but with the RTR_EN bit, in bit [0] of the object’s MnCTL register, set to ‘1’. When the 
object is enabled by setting its OBJ_EN bit, and after it has won the Tx pre-arbitration 
process (if any), the RTR frame will be driven onto the CAN bus with a ‘1’ in the RTR 
bit position.

No Data Field bytes are transmitted in an RTR frame, regardless of the DLC value stored 
in MnMSKH[3:0]. The number of CAN Data Field bytes, which the sender of the RTR 
requires in the response to the RTR, are typically specified in the DLC. In any case, the 
value of DLC for an RTR frame should never be outside the range 0 �� DLC ��	


Following the successful transmission of the RTR frame, the object’s OBJ_EN bit is 
cleared, and its Message Complete Status Flag is set, generating a Tx Message Complete 
interrupt if enabled.

It is possible for an incoming RTR frame, with CAN ID identical to that of the 
transmitting RTR object, to be received while the Tx object is in pre-arbitration, or even 
during transmission. If this occurs, the OBJ_EN bit of the transmitting RTR object will be 
cleared to ‘0’, disabling the object.

�+8+% �����/��.�(������-�(��

To receive an RTR frame, a receive message object is configured in the normal manner, 
but with the RTR_EN bit in MnCTL[0] set ‘1’. An RTR frame whose screener (CAN ID 
+ IDE) matches the receive object’s match ID field will be routed to that object. When 
the RTR frame has been received, the object’s Message Complete Status Flag will be set, 
generating a CPU interrupt if enabled.

Typically, the CPU would already have a transmit message object, with the same CAN 
ID, configured and ready to respond.

�+9 #���(.��5(����������������

There are four distinct XA event interrupts which are presented to the XA Interrupt 
Controller by the Message Handler circuitry. These are: Rx Message Complete, Tx 
Message Complete, Rx Buffer Full, and Message Error. Details of the four Message 
Handler interrupts are presented in the sections that follow.

�+9+� ���(������#���(.��
�������

For any message object, the message complete interrupt is enabled by setting the object’s 
INT_EN bit in MnCTL[3].
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There are two 16-bit registers, MCPLH and MCPLL, which contain the message 
complete status flags for all 32 message objects. When a message complete (Tx or Rx) 
condition occurs for a particular message object, the corresponding bit in MCPLH or 
MCPLL will be set to ‘1’ by hardware. This will occur for each object independently, 
regardless of the state of an object’s INT_EN bit. 

An Rx Message Complete condition will occur for an object only after the last data byte 
has been written to the object’s message buffer by the DMA engine. For an Rx object 
with FRAG = 0, the message complete status flag will be set following storage of the 
final data byte of the CAN frame. For an Rx object with FRAG = 1, the message 
complete status flag will be set following storage of the final data byte of the specially 
encoded ‘last frame’. Note that the preceding statement is only true for DeviceNet and 
CANopen fragmented messages, both of which provide a special ‘last frame’ encoding. 
OSEK does not provide such an encoding, hence there will be no message complete 
status flag generated in an OSEK system. Also, if the system protocol is CAN/generic, 
there will be no message complete status flag generated. Please see Chapter 4, “XA-C3 
CAN and CTL Support,” for details.

A message complete condition will occur for a Tx object, and the object’s message 
complete status flag will be set, only after successful transmission of the object’s frame 
by the CAN Core. Also, recall that the Tx object’s OBJ_EN bit will be cleared at this 
time.

For all objects, a message complete condition can only be removed by clearing the 
object’s message complete status flag. Message complete status flags are cleared by 
writing ‘1’ to their bit positions.

�+9+�+% #���(.��
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There is one Tx Message Complete Interrupt Flag (TMCIF) and one Rx Message 
Complete Interrupt Flag (RMCIF) which generate the actual event interrupt requests to 
the XA Interrupt Controller. As with all other XA event interrupts, both have an 
associated enable bit in the Interrupt Enable SFRs. Additionally, each message object has 
its own interrupt enable, INT_EN, in bit [3] of its MnCTL register. 

If an object’s message complete interrupt is enabled (INT_EN = 1), then when a message 
complete condition occurs for that object, either the TMCIF or the RMCIF interrupt flag 
will be set, depending on whether the object is a Tx or an Rx object. If the message 
complete interrupt flag is already set, the new message complete condition will have no 
effect on the interrupt flag. The message complete interrupt logic is depicted graphically 
in Figure 3-19.
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Message complete interrupts should always be removed by following the procedure 
below:

1. Message complete status flags for all interrupt enabled objects of that type (Tx or 
Rx) are cleared by writing ‘1’ to their bit positions.

2. The Tx or Rx Message Complete Interrupt Flag itself is then cleared by writing ‘1’ to 
its bit position.

�+9+�+� ��������(��#���(.��
����������*��E�����#
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Since multiple objects can have message complete conditions pending at the same time, 
there is an additional register, called the Message Complete Info Register (MCIR), which 
stores information about objects with pending message complete conditions. The MCIR 
register is shown below.

Message Complete Info Register (MCIR)

At any given time, the Object Number field will contain the lowest object number (0 - 
31) of all objects, whose INT_EN bits are set to ‘1’, that currently have message 
complete conditions (i.e., MCSF = 1).

At any given time, the 1orMore bit will be set to ‘1’ only if there are one or more objects, 
whose INT_EN bits are set to ‘1’, that currently have message complete conditions (i.e., 
MCSF = 1).

If no interrupt enabled objects have message complete conditions, then both the 1orMore 
bit and the Object Number field will contain zeros. This is true even if some interrupt 
disabled objects have message complete conditions. Message complete information is 
depicted in Figure 3-20.

Warning: Message complete interrupt flags may be cleared before all message complete 
status flags for interrupt enabled objects of that type (Rx or Tx) are removed. However, the 
interrupt flag will not be reset to ‘1’ by hardware, unless a new message complete condition 
occurs for some other interrupt enabled object. Therefore, it is strongly recommended that 
message complete interrupt flags be cleared …

(a) …only after removing all message complete status flags for interrupt enabled objects of 
the same type, and 

(b) …at the end of the interrupt service routine.

8  3 ) � % � &
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• Tx Message Complete Interrupt Flag: TMCIF in CANINTFLG[1]

• Rx Message Complete Interrupt Flag: RMCIF in CANINTFLG[0]

• Tx Message Complete event interrupt enable bit: EMTI in IEH[5] (SFR)

• Rx Message Complete event interrupt enable bit: EMRI in IEH[4] (SFR)

• Message Object n interrupt enable bit: INT_EN in MnCTL[3]

• Message Complete Status Flags for objects 31 - 16: MCPLH[15:0]

• Message Complete Status Flags for objects 15 - 0: MCPLL[15:0]

• Message Complete Information Register: MCIR

-�.�����!�:��#���(.��
��������������������.��

EMRI

Interrupt To CPU

Message Handler XA Interrupt
Controller

...
...

...

Obj0_Complete
Obj0 INT_EN

Obj15_Complete
Obj15 INT_EN

Obj16_Complete
Obj16 INT_EN

Obj31_Complete
Obj31 INT_EN

M15CTL[2]

M0CTL[2]

M31CTL[2]

M16CTL[2]

EMTI

Interrupt To CPU

0

1

0

1

0

1

0

1

...

RMCIF

CANINTFLG
Register

TMCIF

… …

… …




�(������0���!
��#���(.��5(�����. 67

#���(.��5(����������������

�

-�.�����!%&��#���(.��
����������*���(�����(���(�����(������.��

�+9+% ���4�**���-�������������

There is one Rx Buffer Full Interrupt Flag (RBFIF), in CANINTFLG[2], which generates 
the Rx Buffer Full event interrupt request to the XA Interrupt Controller. The RBFIF flag 
bit is set when any receive message object has an Rx Buffer Full condition. The Rx 
Buffer Full interrupt cannot be disabled for individual message objects. However, as with 
all other XA event interrupts, the Rx Buffer Full interrupt can be disabled by clearing its 
enable bit in the Interrupt Enable SFRs.

The Rx Buffer Full condition is defined differently depending on the system protocol 
currently selected, but will never occur for an Rx message object with FRAG = 0. For 
complete details on Rx Buffer Full conditions, please see Section 3.5.5, beginning on 
Page 54.

The RBFIF flag bit is cleared by writing ‘1’ to its bit position.

�+9+%+� ��������(�����4�**���-����>(���#���(.�������?���*�

The object number of the object encountering the Rx Buffer Full condition will be stored 
in bits [4:0] of the MEIR register. In addition, the RBFULL bit in MEIR[5] will be set to 
‘1’. The MEIR register is shared with the Message Error interrupt. Therefore, the object 
reported in MEIR[4:0] will always be that with the most recent Rx Buffer Full or 
Message Error condition. Please see Section 3.8.3.3, “Additional Message Error (and Rx 
Buffer Full) Information.”

Obj0_Complete

Obj15_Complete
1orMore

Obj0 INT_EN

Obj31 INT_EN

Object Number

Lowest object number
of all objects having

INT_EN = 1 & MCSF = 1

OR…

MCIR
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……

……

Obj16_Complete

Obj31_Complete
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• Rx Buffer Full Interrupt Flag: RBFIF in CANINTFLG[2]

• Rx Buffer Full event interrupt enable bit: EBUFF in IEL[5] (SFR)

• Additional Rx Buffer Full (and Message Error) information: MEIR

�+9+� #���(.������������������

For any message object, either a Transmit Buffer Underflow, or a Fragmentation Error 
condition will cause a Message Error interrupt. 

There is one Message Error Interrupt Flag bit (MERIF) which generates the actual event 
interrupt request to the XA Interrupt Controller. The interrupt flag is set to ‘1’ when any 
Tx message object has a Tx Buffer Underflow condition, or when any Rx message object 
has a Fragmentation Error condition. The Message Error interrupt cannot be disabled for 
individual message objects, but like all other XA event interrupts, the Message Error 
event interrupt itself can be disabled in the Interrupt Enable SFRs.

The MERIF flag bit is cleared by writing ‘1’ to its bit position.

�+9+�+� ���4�**��������*��$

A Tx Buffer Underflow condition occurs when the transmit engine in the CAN Core is 
starved due to the inability of DMA to gain access to the data bus. This condition is 
primarily for the purposes of system debugging, and should not occur during normal 
operation. However, the condition could occur if an external device were to assert WAIT 
for an extended period.

�+9+�+% -�(.����(����������

Please see Section 3.5.6 for a complete discussion of Fragmentation Error conditions.

�+9+�+� ��������(��#���(.��������>(������4�**���-���?���*���(����

Whenever a Message Error or Rx Buffer Full condition exists, the Message Error Info 
Register will be updated to reflect the number of the object with the condition, and the 
specific type of condition encountered. If multiple objects have Message Errors and/or 
Rx Buffer Full conditions at the same time, the MEIR register will report the object with 
the most recent condition. The bit format for the MEIR register is shown below.

Message Error Information Register (MEIR)

8  3 ) � % � &
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Only one of the bits TBU, FRAGERR, or RBFULL will be set at any given time, 
indicating the type of condition: Tx Buffer Underflow, Fragmentation Error, or Rx Buffer 
Full, respectively. The Object Number field will contain the message object’s number, 
from 0 - 31. At any time when there are no objects with Message Error or Rx Buffer Full 
conditions, the MEIR register will contain the value 00h.

�+9+�+) ��.������74����*���#���(.������������������

• Message Error Interrupt Flag: MERIF in CANINTFLG[3] 

• Message Error event interrupt enable bit: EMER in IEH[6] (SFR)

• Additional Message Error (and Rx Buffer Full) information: MEIR
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• MMR offset n0h

• Reset value xxxxh

MnMIDH

The upper 16 bits of the screener (for Rx) or CAN ID (for Tx) are stored in the MnMIDH 
register. This register can only be accessed as a 16-bit word.
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• MMR offset n2h

• Reset value x...x00b

MnMIDL
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The lower portion of the screener (for Rx) or CAN ID + IDE bit (for Tx) are stored in the 
MnMIDL register. This register can only be accessed as a 16-bit word. Unused bits are 
always read as zeros.

�+:+�+� #�#�D5�>#���(.����#(�=�5�.��$���?

• MMR offset n4h

• Reset value xxxxh

MnMSKH

For Rx, the upper 16 bits of the mask are stored in the MnMSKH register. For Tx, the 
4-bit Data Length Code is stored in MnMSKH[3:0]. This register can only be accessed as 
a 16-bit word.

�+:+�+) #�#�D,�>#���(.����#(�=�,�$�$���?

• MMR offset n6h

• Reset value x…x000b

MnMSKL

For Rx, the lower portion of the mask is stored in the MnMSKL register. For Tx, the 
register has no function. This register can only be accessed as a 16-bit word. Unused bits 
are always read as zeros.
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• MMR offset n8h

• Reset value 00000xxxb

MnCTL

The MnCTL register contains control bits for Message Object n.
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OBJ_EN (Object Enable)

INT_EN (Interrupt Enable)

Tx/Rx (Transmit or Receive)

FRAG (Hardware Fragmentation Assembly Enable)

RTR_EN (Remote Transmit Request Enable)

�+:+�+ #�4,��>#���(.����4�**���,��(�������.�����?

• MMR offset nAh

• Reset value xxxxh

MnBLR

The MnBLR register holds the low order 16 bits of object n’s message buffer base 
address. The high order 8 bits of the 24-bit address, for all message objects, are specified 
by the contents of the MBXSR register. Please see Section 3.3.2 for important constraints 
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placed on buffer base addresses based on their sizes. This register can only be accessed as 
a 16-bit word.

�+:+�+8 #�4�F�>#���(.����4�**�����<����.�����?

• MMR offset nCh

• Reset value 00000xxxb

MnBSZ

The MnBSZ register contains the 3-bit field used to configure the size of object n’s 
message buffer, as shown in Table 3-1 which is reprinted below.
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• MMR offset nEh

• Reset value 00xxxxxxb

MnFCR

Except for when preparing to receive a fragmented message with CANopen or OSEK as 
the system protocol, an object’s MnFCR register need not be configured by the user 
application. MnFCR register details for CANopen can be found in Chapter 4, Section 4.5, 
and for OSEK in Section 4.6.
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• MMR offset 228h

• Reset value 00h

CANINTFLG

This register contains the event interrupt flags for the Message Handler, and is a shared 
register with the CAN Core. A bit description for the FERIF bit in CANINTFLG[4] can 
be found in Chapter 2, “The CAN Core,” in Section 2.7.1.4.

MERIF (Message Error Interrupt Flag)

RBFIF (Rx Buffer Full Interrupt Flag)

TMCIF (Tx Message Complete Interrupt Flag)

RMCIF (Rx Message Complete Interrupt Flag)
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• MMR offset 22Ah

• Reset value 00h

MEIR (Message Error Information Register)

This register contains information about the most recent object to have either a Message 
Error condition, or a Receiver Buffer Full condition. If there are no objects with these 
conditions, the MEIR register will contain 00h.

[TBU FRAGERR RBFULL]

Object Number

�+:+�+�� #
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• MMR offset 226h

• Reset value 0000h

MCPLH

Sixteen (16) Message Complete Status Flag(s) are reported in MCPLH. This register 
contains the Message Complete status flags for Message Objects 16 - 31. A bit in this 
register is set when the corresponding object has a Message Complete condition. Bits are 
cleared by writing ‘1’ to their positions.
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• MMR offset 224h

• Reset value 0000h

MCPLL

Sixteen (16) Message Complete Status Flag(s) are reported in MCPLL. This register 
contains the Message Complete status flags for Message Objects 0 - 15. A bit in this 
register is set when the corresponding object has a Message Complete condition. Bits are 
cleared by writing ‘1’ to their positions.
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• MMR offset 229h

• Reset value 00h

MCIR

The Message Complete Information Register stores additional message complete 
information.

1orMore

Object Number

�3 �) �� �% �� �& : 9 8  3 ) � % � &

1"2�3 1"2�) 1"2�� 1"2�% 1"2�� 1"2�& 1"2: 1"29 1"28 1"2 1"23 1"2) 1"2� 1"2% 1"2� 1"2&

8  3 ) � % � &

! ! ���#��� 1"2�������"��

G(��� #�(���.

& ����"2�����$��������O���"����(���������������6��(/��(�����(.��������������������+

� 1������������"2�����$��������O���"����(���������������6��(/��(�����(.�����������
���������+

G(��� #�(���.

&�!��� �����3!"���*�������������������$�����"2�������"����*�(����"2�����$��������O���"����(�������
(���$�����������6��(/��(�����(.��������������������+��*�������(������������"2�����>�+�+C�
���#����@�&?C�����������*�����$����"��&&&&&+




�(������0���!
��#���(.��5(�����. 77

#���(.��5(��������.������	�����������

�

�+:+�+�) #4����>#���(.��4�**���(������#���.�������.�����?

• MMR offset 291h

• Reset value FFh

MBXSR

The Message Buffer and XRAM Segment Register (MBXSR) is shared by the Message 
Handler and Memory Interface blocks of the XA-C3. The contents of MBXSR specify 
the uppermost eight bits (bits a23 - a16) of all message buffer base addresses, and of the 
on-board XRAM base address.

In other words, the unique 64K byte segment of data memory space in which all message 
buffers reside, and to which the XRAM is mapped, is specified in the MBXSR register.
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• MMR offset 27Eh

• Reset value 00h

GCTL

System-wide control bits, which apply to all 32 message objects globally, reside in the 
GCTL register.

Auto_Ack (Auto Acknowledge Enable)
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Pre_Arb (Tx Pre-Arbitration Mode Select)

Prtcl1 Prtcl0 (System Protocol Select)

The two-bit field [Prtcl1 Prtcl0] specifies the higher-level protocol for the system, if any. 
The XA-C3 hardware requires that [Prtcl1 Prtcl0] be configured correctly, by the user, 
when automatic assembly of fragmented messages is enabled for any object.

If the system protocol is DeviceNet, then hardware fragmentation assembly can be used 
only if the received messages are DeviceNet I/O Messages. Fragmented DeviceNet 
Explicit Messages must be treated as a series of single-frame, non-fragmented messages, 
and assembled by software.

If the system protocol is CANopen, then hardware fragmentation assembly can be used 
only for receiving CMS Download Domain Segment messages. NMT Download 
Configuration Segment messages must be treated as a series of single-frame, 
non-fragmented messages, and assembled by software.

If the system protocol is CAN/generic, then successively received CAN frames will be 
buffered in a circular manner by objects whose FRAG bits are set to ‘1’, but with the 
DMA pointer wrapping around to buffer location ‘1’ instead of buffer location ‘0’.
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The XA-C3 supports the CAN Specification, Version 2.0, Parts A and B. In addition, 
there is built-in hardware support for automatic fragmented message assembly in three 
common higher-level protocols (DeviceNet, CANopen, and OSEK), and in a user-defined 
CAN/generic protocol. In a system with no higher-level protocol, CAN frames may be 
handled individually, or multiple CAN frames may be buffered, by XA-C3 receive 
objects. In this chapter we discuss the transmission and reception of individual CAN 
frames, multiple-frame messages in each of the four system protocols, and the buffering 
of multiple CAN frames.

Throughout the chapter we show memory images for receiving and transmitting 
important representative message types within the various protocols. Rx memory images 
depict an Rx object’s message buffer after an Rx Message Complete condition for that 
message type (for details on Rx Message Complete conditions, please see Chapter 3, 
Section 3.5). Tx memory images show how a Tx object’s message buffer should be 
loaded in order to transmit a message of that type.

It should be noted that the DeviceNet, CANopen, and OSEK protocols are subject to 
change without notice, and therefore the memory images shown in this chapter should be 
treated as illustrative examples only.

)+�+� 1�.(��<(������*������
�(����

In Section 4.2 we review the Standard and Extended Frame Format bit streams of the 
CAN 2.0 Specification. In Section 4.3 we describe how to receive and transmit CAN 
frames.

The subject of Section 4.4 is fragmented messages in DeviceNet, and Section 4.5 
describes segmented CANopen messages. In Section 4.6 we discuss multiple-frame 
messages in OSEK, and large messages with CAN/generic as the system protocol in 
Section 4.7.
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Part B of the CAN 2.0 specification defines two frame formats which differ primarily in 
the length of the CAN ID. The Standard and Extended Frame Formats are presented 
below.

)+%+� ��(��(���(������������-�(���-���(��

The CAN 2.0B Standard Frame has an 11-bit identifier, whose bits are numbered ID28 - 
ID18, with ID18 being the least significant bit. The identifier immediately follows the 
Start Of Frame (SOF) bit, and is transmitted most significant bit first.

The CAN 2.0B Extended Frame has a 29-bit identifier, whose bits are numbered ID28 - 
ID0, with ID0 being the least significant bit. The identifier consists of two sections:

• 11-bit Base ID
The Base ID is equivalent in form and transmitted bit order to the Standard Frame 
Identifier. It consists of bits ID28 - ID18, and directly follows the SOF bit.

• 18-bit Extended ID
The Extended ID consists of bits ID17 - ID0, and is separated from the Base ID by the 
SRR and IDE bits. The Extended ID is also transmitted most significant bit first.

The Standard and Extended Frame Formats are shown in Figure 4-1.
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In order to receive a single CAN frame, a receive message object is configured in the 
following manner:

• A message buffer is setup for the object as described in Chapter 3, Section 3.3.

• The appropriate identifier and IDE bit values are written to the MnMIDH and 
MnMIDL registers, as described in Chapter 3, Section 3.5.2.3.

• The mask field is configured as described in Chapter 3, Section 3.5.2.4.

• The appropriate RTR bit value is written to the RTR_EN bit in MnCTL[0].

• The remaining bits in the MnCTL register are configured as follows:

– FRAG = 0, mandatory for receiving single frames.

– Tx/Rx = 1, makes the object a receive message object.

– INT_EN = 1, enables the message complete interrupt for the object, if desired.

– OBJ_EN = 1, enables the object for reception.

Any CAN frame whose identifier matches that which was programmed in the MnMIDH 
and MnMIDL registers (subject to bit masking, if any) will be stored by DMA in the 
object’s message buffer, as shown in the Rx image of Figure 4-2. The frame’s CAN ID 
will then be written by hardware back into the MnMIDH/MnMIDL registers.

)+�+% ���4�**����.��*�#��������
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In order to receive and buffer multiple CAN frames, CAN/generic must be the system 
protocol. The receive message object is configured in the following manner:

• The system protocol is CAN/generic, i.e., [Prtcl1 Prtcl0] = 00.

• A message buffer is setup for the object as described in Chapter 3, Section 3.3. In 
order to efficiently utilize the circular buffering functionality of the receive object’s 
message buffer, the user may wish to initialize the MnBLR register to byte offset ‘1’ in 
the logical buffer space. For more information, please see Chapter 3, Section 3.5.5.2.

• The appropriate identifier and IDE bit values are written to the MnMIDH and 
MnMIDL registers, as described in Chapter 3, Section 3.5.2.3.

• The mask field is configured as described in Chapter 3, Section 3.5.2.4.

• The appropriate RTR bit value is written to the RTR_EN bit in MnCTL[0].

• If desired, the Rx Buffer Full interrupt is enabled by writing ‘1’ to the EBUFF bit in 
SFR IEL[5], and the EA bit in SFR IEL[7].

• The remaining bits in the MnCTL register are configured as follows:

– FRAG = 1, enables multiple CAN frame buffering for this object.
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– Tx/Rx = 1, makes the object a receive message object.

– INT_EN = 0, disables the message complete interrupt for the object. In actuality, 
there will be no message complete status flag or interrupt for Rx objects doing 
CAN frame buffering, as discussed in Chapter 3, Section 3.5.4.3. However, good 
programming practice dictates that this unused interrupt be disabled.

– OBJ_EN = 1, enables the object for reception.

CAN frames whose identifiers match that which was programmed in the MnMIDH and 
MnMIDL registers (subject to bit masking, if any) will be stored by DMA in the object’s 
message buffer, as shown in Figure 4-3.

)+�+� ��(��������.�(�
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Transmitting a CAN frame requires the following actions:

• A message buffer is setup for the object as described in Chapter 3, Section 3.3.

• The appropriate identifier and IDE bit values are written to the MnMIDH and 
MnMIDL registers, as described in Chapter 3, Section 3.6.3.

• The Data Length Code (DLC) is written to the MnMSKH register, as described in 
Chapter 3, Section 3.6.4.

• The Data Field bytes for the frame are stored in the message buffer as shown in the Tx 
image of Figure 4-2.

• The appropriate RTR bit value is written to the RTR_EN bit in MnCTL[0].

• The remaining bits in the MnCTL register are configured as follows:

– FRAG = 0, unless doing hardware Auto-Acknowledge in CANopen (see Section 
4.5.2).

– Tx/Rx = 0, makes the object a Tx message object.

– INT_EN = 1, enables the message complete interrupt for the object, if desired.

– OBJ_EN = 1, enables the object for participation in Tx Pre-Arbitration and 
subsequent access to the CAN Core for transmission.

Once the object has won Tx pre-arbitration (if any) and gained access to the CAN Core, 
the message will compete for the CAN bus with any other transmitting nodes in the 
system.
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The DeviceNet protocol has a special encoding for both First Fragment and Last 
Fragment of a fragmented message, and reception of either causes the XA-C3 Message 
Handler hardware to take certain actions with regard to the associated Rx message object.

During fragmented message assembly with DeviceNet as the system protocol, the DMA 
engine writes to buffer location ‘0’ twice, once when the First Fragment is received, and 
again when the Last Fragment is received. This is only true if the current system protocol 
is DeviceNet. If the system protocol is CANopen, OSEK, or CAN/generic, the DMA 
mechanism functions differently, and details can be found in Sections 4.5, 4.6, and 4.7 
respectively.

Under DeviceNet, when the First Fragment indicator is decoded, the DMA engine writes 
00h into buffer location ‘0’, and data byte storage begins at offset ‘1’. Once the ‘Last 
Fragment’ has been decoded, and its data bytes have been stored in the buffer, the DMA 
engine writes the final byte count into location ‘0’.

This mechanism can be exploited by the user application as a 2-state semaphore. After 
having read the message buffer contents following an Rx Message Complete, the CPU 
can check the value of location ‘0’. If it finds that the previous byte count has been 
replaced by 00h, then the DMA has begun writing a new message to the buffer during the 
time when the CPU reads were occurring, and the data read by the CPU could be corrupt.

…

Data Byte 2

Data Byte 1

DLC3IDE RTR — —

Data Byte DLC3

DLC1 bytes

FrameInfo1 Buffer Base Address

DLC2 bytes

FrameInfo2

DLC3 bytes

FrameInfo3

…

7 6 5 4 3 2 1 0

01234567
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It should be noted that if a new First Fragment is received for an object, while the XA-C3 
is in the process of assembling a message for that object, the value 00h will immediately 
be written into buffer location ‘0’, and assembly of the new message will begin, starting 
at location ‘1’. Previous data in the message buffer will be overwritten, and no error 
condition or interrupt flag will be generated.

In DeviceNet, reception of a First Fragment automatically initializes the receive object’s 
MnFCR register to 00h, which matches the Fragment Count for the First Fragment, as 
defined by DeviceNet. Unlike OSEK and CANopen, for DeviceNet systems software 
need not initialize the MnFCR register.

In each successive frame of a DeviceNet fragmented message, the value of the Fragment 
Count field increases by one, and may eventually wrap around from 63 to 0. Any frame in 
the sequence whose Fragment Count is not one greater than the previous frame’s will 
generate a Fragmentation Error, setting both the MERIF interrupt flag and the FRAGERR 
status flag, and causing the receive object’s number to be stored in the Object Number 
field of the MEIR register (MEIR[4:0]).

)+)+% 	�/����������������(����71�#���(.��

In DeviceNet 2.0, both Explicit Messages and I/O Messages can be either fragmented or 
non-fragmented. DeviceNet I/O Message fragments, which are not flow-controlled by the 
receiver, must be assembled as rapidly as they arrive. On the other hand, DeviceNet 
Explicit Message fragments are flow controlled by the receiver, using frame-by-frame 
acknowledgments, conserving CAN bus bandwidth for time-critical I/O Messages.

As such, hardware fragmentation assembly by the XA-C3, with DeviceNet as the system 
protocol, is designed specifically for fragmented I/O Messages. It will not work with 
fragmented Explicit Messages, due to differences in the DeviceNet defined information 
carried in the CAN Data Field. All DeviceNet Explicit Messages, whether fragmented or 
not, must be treated as single-frame CAN messages by the receive message object. A 
fragmented DeviceNet Explicit Message must be assembled by software. 

)+)+� ������.����(�����1"2����*���(�-�(.��������71�#���(.�

To configure an Rx object for hardware assembly of a DeviceNet fragmented I/O 
Message requires the following:

XA-C3 hardware fragmentation assembly under DeviceNet is designed 
specifically for DeviceNet I/O Messaging. DeviceNet Explicit Message 
fragments must be handled as single-frame CAN messages by the receive 
object, and assembled by software.
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• The System Protocol is DeviceNet, i.e., [Prtcl1 Prtcl0] = 01.

• A message buffer is setup for the object as described in Chapter 3, Section 3.3, with 
the MnBLR register initialized to offset ‘0’ in the object’s logical message buffer 
space.

• The appropriate identifier and IDE bit values are written to the MnMIDH and 
MnMIDL registers, as described in Chapter 3, Section 3.5.2.3.

• The mask field is configured as described in Chapter 3, Section 3.5.2.4.

• The fragment count register (MnFCR) need not be initialized by software.

• The appropriate RTR bit value (typically 0) is written to the RTR_EN bit in 
MnCTL[0].

• If desired, the Rx Message Complete interrupt is enabled by writing ‘1’ to the EMRI 
bit in SFR IEH[7], and to the EA bit in SFR IEL[7].

• If desired, the Rx Buffer Full interrupt is enabled by writing ‘1’ to the EBUFF bit in 
SFR IEL[5], and the EA bit in SFR IEL[7].

• The remaining bits in the MnCTL register are configured as follows:

– FRAG = 1, enables hardware fragmentation assembly.

– Tx/Rx = 1, makes the object a receive message object.

– INT_EN = 1, enables the message complete interrupt for the object, if desired.

– OBJ_EN = 1, enables the object for reception.
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In CANopen, the Download Domain protocol is a frame-by-frame acknowledged 
protocol for transferring fragmented, multi-frame messages from a client to a server. It 
begins with an (acknowledged) Initiate Download Domain request from the client, 
followed by multiple (acknowledged) Download Domain Segment requests containing 
the actual data. Please see Figure 4-5.

In Download Domain Segments, bit [4] of Data Byte 1 is a toggle bit, whose value 
toggles on successive Domain Segment frames. A received frame whose toggle bit did 
not toggle will generate a Fragmentation Error condition, setting the MERIF interrupt 
flag, the FRAGERR status flag, and causing the object’s number to be stored in 
MEIR[4:0]. The value of the toggle bit for the first segment is typically 0. However, the 
Initiate Download Domain request does not have a toggle bit defined in the CAN Data 
field and must be treated as a single-frame, non-fragmented message.

In addition, there is no ‘first segment’ indicator defined in the protocol. Since the first 
segment is indistinguishable from intermediate segments from the XA-C3 hardware’s 
perspective, the DMA engine will not write to the buffer base location, to initialize the 
semaphore bits, when the first frame is received. The DMA engine only writes to the 
buffer base location once, that being when it writes the Byte Count at the end of the 
message. It is critical that buffer location ‘0’ remain available for the DMA engine to 
write the Byte Count. Therefore, data storage in the buffer must begin at byte offset ‘1’, 
and not byte offset ‘0’, in the buffer’s logical address space.

Consequently, when the system protocol is CANopen, before receiving the first segment 
of a segmented Domain Download message in which hardware fragmentation assembly 
is being used, the following items MUST be configured by the CPU for the appropriate 
receive message object (please see Figure 4-6):

• The object’s fragment count register, MnFCR, must be initialized such that the toggle 
bit in MnFCR[0] matches the toggle bit of the first segment of the Domain Download 
(typically 0). Hardware will compare MnFCR[0] to the received toggle bit, and 
generate a Fragmentation Error condition if they do not match.

• The object’s buffer location register, MnBLR, must be initialized to offset ‘1’ in the 
designated logical message buffer space, not offset ‘0’.

)+3+�+� ������.����(�����1"2����*���	�$���(��	��(��

To configure an Rx object for hardware fragmentation assembly of a Download Domain 
message sequence requires the following:
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• The system protocol is CANopen, i.e., [Prtcl1 Prtcl0] = 10.

• A message buffer is setup for the object as described in Chapter 3, Section 3.3. 
However, the object’s buffer location register, MnBLR, must be initialized to offset ‘1’ 
in the object’s logical message buffer space, not offset ‘0’.

• The appropriate identifier and IDE bit values are written to the MnMIDH and 
MnMIDL registers, as described in Chapter 3, Section 3.5.2.3.

• The mask field is configured as described in Chapter 3, Section 3.5.2.4.

• The fragment count register (MnFCR) is initialized so that the toggle bit position in 
MnFCR[0] matches the toggle bit of the first segment of the Download Domain. 
Typically, the first segment has a toggle bit value of zero, in which case MnFCR is 
initialized to 00h.

• If hardware Auto-Acknowledge is going to be used, then a Tx object must be 
configured as described in Section 4.5.2.

• The appropriate RTR bit value (typically 0) is written to the RTR_EN bit in 
MnCTL[0].

• If desired, the Rx Message Complete interrupt is enabled by writing ‘1’ to the EMRI 
bit in SFR IEH[7], and to the EA bit in SFR IEL[7].

• If desired, the Rx Buffer Full interrupt is enabled by writing ‘1’ to the EBUFF bit in 
SFR IEL[5], and the EA bit in SFR IEL[7].

• The remaining bits in the MnCTL register are configured as follows:

– FRAG = 1, enables hardware fragmentation assembly.

– Tx/Rx = 1, makes the object a receive message object.

– INT_EN = 1, enables the message complete interrupt for the object, if desired.

– OBJ_EN = 1, enables the object for reception.
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Other Device
(Client)

XA-C3
(Server)

Time

Initiate Download Domain

Download Domain Segment (t = 0, c = 0)

Download Domain Segment (t = 1, c = 0)

Download Domain Segment (t = 0, c = 0)

Download Domain Segment (t = ?, c = 1)

…

Download Domain Protocol

acknowledge

acknowledge

acknowledge

acknowledge

acknowledge

let MnFCR = value of first toggle bit (typically zero)

MBXSR MnBLRa15a23 a16 a0

1

let MnBSZ = size… …

01234567

offset 0

offset 2

offset (size - 1)
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In CANopen/CiA CAL, the Download Domain protocol requires that an 
acknowledgment for each frame be transmitted by the server (see Figure 4-5). The 
XA-C3 Auto-Acknowledge function can be used to transmit Download Domain Segment 
Acknowledge frames automatically, with no CPU intervention. Alternatively, the user 
may choose not to acknowledge at all, or to handle the transmission of acknowledge 
frames in software.

Auto-Acknowledge for CANopen is setup as follows:

• The system protocol must be CANopen, i.e., [Prtcl1 Prtcl0] = 10.

• The Auto_Ack bit in GCTL[3] is set to ‘1’.

• Message Object n is configured as follows:

– Object n is a receive message object (Tx/Rx = 1).

– Hardware fragmentation assembly is enabled (FRAG = 1).

– RTR is typically disabled (RTR_EN = 0).

– Object n is enabled for receive (OBJ_EN = 1).

• Message Object (n + 1) is configured as follows:

– Object (n + 1) is a transmit message object (Tx/Rx = 0) …

– … but, only for this case, it is configured with FRAG = 1.

– RTR is typically disabled (RTR_EN = 0).

– The object’s Message Complete interrupt must be disabled (INT_EN = 0), or else 
the object will interrupt the CPU after every Auto-Acknowledge frame is sent!

– The object is disabled for transmit (OBJ_EN = 0). 

– The correct screener (CAN Identifier plus IDE bit) for the Tx object must be 
programmed into the Mn+1MIDH and Mn+1MIDL registers. For details, see 
Chapter 3, Section 3.6.3.

– The correct Data Length Code (typically 1h) for the ‘Download Segment Response’ 
byte is programmed into bits [3:0] of the Mn+1MSKH register. See Chapter 3, 
Section 3.6.4 for details.

– The correct ‘Download Segment Response’ byte, as required by the protocol 
specification, is written into byte offset 0 of the Tx object’s message buffer. The 
value stored in bit [4], the toggle bit’s position, is a don’t care, because the XA-C3 
hardware will manage the toggle bit.

With this setup, the XA-C3 will automatically transmit a Download Domain Segment 
Response frame upon reception of each frame of the fragmented CANopen message. The 
Auto-Acknowledge Response frame is constructed as follows:

• The CAN Identifier and IDE bit are taken from the Mn+1MIDH and Mn+1MIDL 
registers as usual.
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• The RTR bit is taken from MnCTL[0], and the 4-bit Data Length Code is taken from 
MnMSKH[3:0], as usual.

• CAN Data Field Byte 1 (the ‘Download Segment Response’ byte) is taken from 
location ‘0’ of the Tx object’s buffer, but with the toggle bit from the incoming frame 
inserted in bit position [4].

Auto-Acknowledge for CANopen is depicted graphically in Figure 4-7.
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In CANopen/CiA CAL, the NMT Download Configuration Segment protocol carries the 
fragmentation information in Data Byte 3, which makes it unavailable to the XA-C3 
hardware for interpretation during automatic fragmentation assembly. Therefore, the 

Reserved for Byte Count

MnCTL

Object n Buffer (Rx)GCTL

…
…

0- 11 11--

Mn+1CTL
0- 10 00--

0- 11 x---

Data Byte 2

Data Byte 3

Data Byte 4

0

1

2

3

Data Byte 4

Data Byte 3

Data Byte 2

Object n+1 Buffer (Tx)

scs X x  x  x  x

3

2

1

0
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- -

Mn+1MIDH

ID
E
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NMT Download Configuration protocol must be handled entirely as single-frame, 
non-fragmented messages by the XA-C3, and assembled using software.

The NMT Download Configuration protocol, in CANopen/CiA CAL, must 
be treated as single-frame, nonfragmented messages by the receive message 
object, and assembled by software.
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In an OSEK Multiple Frame message, up to 4095 bytes of user data can be transferred 
from a Sender to a Receiver, with flow control when needed. An OSEK multiple frame 
message sequence is shown in Figure 4-9, and occurs as follows:

• Sender transmits a FirstFrame which includes the 12-bit eXtendedDataLength code. 
The FirstFrame can also contain up to 6 bytes of user-data, but it does not have a 
Fragment Count.

• Receiver responds by transmitting a FlowControl frame, when the connection setup 
has been completed.

• Sender transmits one or more ConsecutiveFrames, stopping when the number of user 
data bytes previously specified in the eXtendedDataLength code have been sent 
(receiver may transmit FlowControl frames whenever necessary, to throttle down the 
incoming data stream). Typically, the first ConsecutiveFrame has SequenceNumber 
00h, and the SequenceNumber is always incremented for each successive 
ConsecutiveFrame1. The SequenceNumber may (or may not) roll-over from FFh to 
00h one or more times during the message. 

• There is no Last Frame, or End Of Message, encoding.

1 An out of sequence frame will generate a Fragmentation Error condition, setting both the MERIF interrupt 
flag and the FRAGERR status flag, and causing the receive object’s number to be stored in MEIR[4:0].
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The FirstFrame, although it may also contain the first few bytes of user data, contains the 
basic information necessary for the XA-C3 to setup a receive channel. In addition, it must 
be acknowledged with a FlowControl frame and it does not have a SequenceNumber. 
Therefore, from the standpoint of the XA-C3, the FirstFrame must be treated as a 
single-frame, non-fragmented message, and not as the first fragment of the fragmented 
message. Upon reception of such a frame, the user will typically setup an Rx object to 
receive and assemble the forthcoming message fragments using hardware fragmentation 
assembly.

Since the total number of user data bytes in the forthcoming message (including any in 
the FirstFrame itself) are encoded in the 12-bit eXtendedDataLength code, the size of the 
required message buffer is known exactly. A receive message object (either the same 
object or a different object) should be configured with the required buffer size, prior to 
sending the “connection setup complete” FlowControl response frame.

Sender Receiver

Time

Extended data length
= [XDL][DL]

FlowControl frame when
connection setup is
complete.

FlowControl frame

FirstFrame

ConsecutiveFrame (SN = 0)
ConsecutiveFrame (SN = 1)
ConsecutiveFrame (SN = 2)

ConsecutiveFrame (SN = i)

FlowControl frame,
to throttle down Sender

End of Multiple Frame
Message, generate Rx
Buffer Full interrupt

FlowControl frame

…

ConsecutiveFrame (SN = i + 1)
ConsecutiveFrame (SN = i + 2)

ConsecutiveFrame (SN = j)

…

Multiple Frame Message
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In addition to the normal object setup requirements (see Chapter 3, Section 3.5), there are 
two extra requirements for setting up this new object.

1. The new object’s fragment count register (MnFCR) must be initialized by the user.

2. Storage of the message data must not begin at location ‘0’ within the object’s logical 
message buffer space.

Specifically, the MnFCR register must be initialized such that it matches the 
SequenceNumber (SN) of the first ConsecutiveFrame (typically 0h). Failure to initialize 
the MnFCR register correctly will result in a Fragmentation Error condition upon 
reception of the first ConsecutiveFrame.

Also, since the first ConsecutiveFrame has no special encoding, from the hardware’s 
perspective it is indistinguishable from any other ConsecutiveFrame. Therefore, the 
hardware will not initialize the semaphore bits in buffer location ‘0’, when message 
assembly begins2. Since location ‘0’ must remain available for the Byte Count, user data 
byte storage must not begin at location ‘0’. In other words, the MnBLR register must be 
initialized to point at some byte other than the lowest byte address in the buffer’s logical 
address space. This could be byte offset ‘1’, or another strategically located offset, as we 
shall see below.

Because there is no ‘End Of Message’ encoded for OSEK, there is no way for the XA-C3 
hardware to distinguish the final frame from any other ConsecutiveFrame. As such, there 
will be no message complete status flag or Rx Message Complete interrupt following 
storage of the last ConsecutiveFrame of a message. However, through careful selection of 
the receive object’s buffer size, and clever initialization of it’s MnBLR register, the 
reception of the final frame of a message can be made to trigger an Rx Buffer Full 
interrupt instead. The mechanism involved is best described with an example.
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Assumptions for this example:

• The System Protocol is OSEK.

• There will be 100 (64h) bytes total of user data.

• The FirstFrame contains 6 bytes of user data.

• The first ConsecutiveFrame has SequenceNumber = 0h.

Initially, a single-frame Rx object would have been configured and enabled as described 
in Section 4.3.1. It would be on this channel that the OSEK FirstFrame message would be 
received. Also, OSEK as the system protocol would have previously been selected by 
writing 11b to the [Prtcl1 Prtcl0] field in GCTL[1:0].

2 However, the semaphore can still be maintained by software, if needed.
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After the FirstFrame has been received and stored in memory, the single-frame Rx 
object’s message buffer will contain the following:

An Rx object (the same, or a different object) for the forthcoming multiple-frame 
message must now be configured with a buffer size of 128 bytes, and with the fragment 
count initialized to 0.

• A message buffer is setup for the object as described in Chapter 3, Section 3.3, with 
MnBSZ = 06h (size 128 bytes).

• The appropriate identifier and IDE bit values are written to the MnMIDH and 
MnMIDL registers, as described in Chapter 3, Section 3.5.2.3.

• The mask field is configured as described in Chapter 3, Section 3.5.2.4.

• The fragment count is initialized to zero by writing MnFCR = 00h.

• The appropriate RTR bit value (typically 0) is written to the RTR_EN bit in 
MnCTL[0].

• The remaining bits in the MnCTL register are configured as follows:

– FRAG = 1, enables hardware fragmentation assembly, because this object is for 
reception of the forthcoming fragmented message.

– Tx/Rx = 1, makes the object a receive message object.

– INT_EN = 0, disables the message complete interrupt for the object. There will be 
no message complete status flag or interrupt, since there is no ‘last frame’ encoding 
in OSEK.

• If it hasn’t already been, the Rx Buffer Full interrupt is enabled by writing ‘1’ to the 
EBUFF bit in SFR IEL[5], and the EA bit in SFR IEL[7].

• 00b is written to the semaphore bits, if needed.

Next, User Data Bytes 1 through 6 are moved by the CPU to the new buffer, starting at 
byte offset 28d. Subsequently, the MnBLR register (which is also the DMA engine’s 
address pointer into the buffer) is configured to point at byte offset 34d, where the storage 
of subsequent fragments will begin. 

The new object’s message buffer now contains the following:
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Finally, the object is enabled by setting its OBJ_EN bit to ‘1’, and the ‘connection setup 
complete’ FlowControl frame is sent.

Fragments of the multi-frame message begin to arrive periodically, and their data gets 
stored in the Rx object’s message buffer in the order received.

After the final byte of user data has been received and stored by DMA in byte offset 127, 
the RBFIF interrupt flag will be set, the receive object’s number will be stored in 
MEIR[4:0], and the RBFULL bit in MEIR[5] will be set. Also, the value 128d will be 
written into the Byte Count location, offset 0 in the buffer. Notice that because the last 
frame of the message has no special encoding, it is interpreted by the XA-C3 hardware as 
‘not last frame’, thus activating the Rx Buffer Full interrupt mechanism and not the Rx 
Message Complete interrupt mechanism. The CPU will use this Rx Buffer Full interrupt 
as an End of Message indicator, in lieu of an Rx Message Complete interrupt.

The final state of the Rx object’s message buffer is shown below.
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It should be noted that although XA-C3 message buffers are at most 256 bytes, entire 
4095-byte Multiple Frame messages can easily be accommodated simply by 
repositioning the message buffer (or flushing the buffer contents) after every Rx Buffer 
Full interrupt. Please see Section 3.5.5.1 in Chapter 3 for details.

)+ +%+� ���������(��/��#�����

It may be possible that Sender (the transmitting node) can be programmed to send a 
single-frame message, to a different XA-C3 message object, after sending the final frame 
of the multiple-frame message. This single-frame ‘message finished’ message will inform 
the CPU that the fragmented message on the first channel is available in the buffer. 
Storage of the single-frame ‘message finished’ message in data memory will trigger an 
Rx Message Complete interrupt.

It should be noted, however, that using this scheme precludes the hardware from writing 
the Byte Count to the base location of the Multiple Frame message’s buffer, since a 
message complete condition will only occur for the single-frame message object. But 
since the total user data byte count is known a priori, writing of the final Byte Count by 
DMA is not critical.
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A receive object with FRAG = 1 can be used to receive multiple-frame fragmented 
messages in a system utilizing a proprietary, or user-defined fragmentation protocol. 
Using this facility, long messages can be received and stored in memory without CPU 
interrupts between frames.

The mechanism involved, as well as the Rx object setup procedure, is identical to that for 
“Rx Buffering of Multiple CAN Frames,” as described in Section 4.3.2 of this chapter. In 
addition, the following important points should be noted, when setting up an object for 
receiving fragmented messages in a CAN/generic system:

• For each frame, the XA-C3 FrameInfo byte plus Data Bytes 1 - DLC, will be stored in 
the message buffer. It is the responsibility of software to strip out each frame’s control 
information, when reassembling the message data.

• There will be no Rx Message Complete status flags or interrupts generated, but Rx 
Buffer Full interrupts can be generated instead. The configuration procedure for 
producing Rx Buffer Full interrupts may be similar to that described in Section 4.6.2 of 
this chapter.

• The Rx Buffer Full condition with CAN/generic as the system protocol is ‘less than 
nine bytes remaining’.

• Hardware will not write 00h to the buffer base location before frame storage begins.

• Hardware will not write the Byte Count to the buffer base location when an Rx Buffer 
Full condition occurs. However, software will always be able to determine the exact 
number of bytes that have been stored, because each frame’s DLC is preserved in the 
buffer itself.

• Fragmentation error checking is disabled, and the MnFCR register is not accessed by 
hardware.

Message buffer images for fragmented messages in CAN/generic systems are identical to 
those shown in Figures 4-2 and 4-3 on pages 84 and 85.
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The XA-C3 memory space is divided into code space and data space. There is internal 
code and data memory which can be extended off chip. The logical address space for 
both code and data is 24 bits wide, spanning the address range 000000h - FFFFFFh.

The XA-C3 Memory Interface, or MIF, provides the flexibility to interface with virtually 
all types of generic memory devices, such as SRAM, FLASH, ROM, EPROM, etc. The 
timing of external memory bus cycles is fully programmable. The MIF also allows the 
user to select the base address for both the memory mapped registers and the on-chip 
XRAM, and arbitrates bus access between the CPU and the DMA engine.

3+�+� 1�.(��<(������*������
�(����

In Section 5.2 we describe the XA-C3 memory spaces in detail. Section 5.3 discusses the 
on-chip block of memory mapped registers. The subject of Section 5.4 is the on-chip 
XRAM. Section 5.5 discusses special function registers, and the particular addressing 
issues of SFR access. Section 5.6 through Section 5.9 discuss issues relating to the 
configuration and use of the external bus.

3+% #����6�1�.(��<(����

The XA-C3 is a Harvard architecture device, with separate code and data memory spaces. 
The total logical memory space, of both code and data, spans 16 megabytes, with all 
memory addresses normally consisting of 24 address bits.

There is, however, a bit in the System Configuration Register (SCR) which allows 
application software to choose Page 0, or Small-Memory, mode. By setting the PZ bit in 
SCR[0] to ‘1’, Page 0 mode is enabled, and all addresses are maintained as 16-bit 
addresses by the XA core.

In applications where 64K bytes of address space is sufficient, the use of Page 0 mode 
saves stack space, and speeds up address push and pop operations on the stack. For more 
information on the SCR register and Page 0 mode, please see Subsection 4, CPU 
Organization, in the XA User Guide, Section 3 of 16-Bit 80C51XA Microcontrollers 
(eXtended Architecture) Data Handbook IC25. 

The reset value of the PZ bit is ‘0’, so the default state is Large-Memory mode. The rest 
of this chapter assumes that the XA is operating in the (default) Large-Memory mode.
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The XA-C3 logical code space is unsegmented and linear, 
starting at address 0 and extending to address FFFFFFh. 

There are 32K bytes of physical internal code memory, which 
populate addresses 0 through 007FFFh. Physical code 
memory can be extended off-chip, in a contiguous manner, 
beginning at address 008000h, as shown in the figure at left. 
If desired, non-contiguous off-chip code memory may begin 
anywhere above 007FFFh. However, since only address lines 
A19 - A0 are provided on package pins, external memory 
above address 0FFFFFh (the 1M byte address limit) may not 
be accessed.

External code memory may be mapped, by external logic, to 
overlap the 32K bytes of internal code memory. In this case, 
internal code memory will always be accessed up to 007FFFh, 

and only the non-overlapping portion of external code memory, starting at 008000h, will 
be accessed.

Alternatively, external code memory may be used exclusively, by holding the EA/WAIT/
VPP pin low during reset. In this case, internal code memory will be ignored, so external 
code memory must begin at address 0. For details, please see Section 5.9.2 in this 
chapter, and also 16-bit 80C51XA Microcontrollers (eXtended Architecture) Data 
Handbook IC25.

3+%+% 	(�(�#����6

The XA-C3 logical data space is a segmented 24-bit space, starting at address 0 and 
extending to address FFFFFFh. The XA-C3 data memory space is shown in Figure 5-1.

There are 1024 bytes of physical internal data memory (also known as Scratch Pad 
memory), populating addresses 0 - 3FFh. For addresses 400h and above, external data 
memory will normally be accessed, unless the access is directed at the on-chip XRAM or 
memory mapped registers.

Note that it is legal for external data memory to be placed by hardware such that it 
overlaps internal data memory. In that case, the following rules apply:

• CPU accesses to addresses 0 - 3FFh, using either Direct Addressing or Indirect 
Addressing, will access internal data memory.

• The CPU can access the overlapping portion (if any) of external data memory only by 
using a form of the MOVX instruction. Please see 16-bit 80C51XA Microcontrollers 
(eXtended Architecture) Data Handbook IC25, for details.

007FFFh

000000h

Code Memory

008000h

0FFFFFh
100000h

FFFFFFh

External

Unavailable

Internal
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The rules for accessing data memory are summarized in Table 5-1.

�("���3!���5�$����(�������(�(������6

Because the XA-C3 only provides address pins A19 - A0 to external devices, the highest 
available memory address for external data memory, is 0FFFFFh. Only the on-chip 
XRAM and memory mapped registers may be configured for addresses above 0FFFFFh.

Finally, it should be noted that the Direct Addressing mode is valid in the low 1K byte of 
every segment in data memory. Therefore, the entire block of internal data memory (the 
low 1K byte of Segment 00) is accessible using Direct Addressing. For details on XA 
addressing modes, please see 16-bit 80C51XA Microcontrollers (eXtended Architecture) 
Data Handbook IC25.
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Segment FF

Segment 11

Segment 10

Segment 0F
0FFFFFh

…
…

…
…

Segment 02

Segment 01

0003FFh

000400h

000000h

Segment 00

Internal Data Memory

Segment 00, starting at
400h, & Segments 01 - 0F
can be used for External
Data Memory and/or
MMRs and/or XRAM. 

Segments 10 - FF can only be
used for XRAM & MMRs.
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The XA-C3 has a 4096-byte logical memory mapped register space, whose base address 
is programmable under software control. Many of the XA-C3’s control and status 
registers are memory mapped registers. Additionally, the 512-byte block of message 
object registers (see Chapter 3, “XA-C3 Message Handling,” for details) constitute the 
bottom of logical MMR space.

All MMRs are addressed by their offset from the MMR base address. The base address is 
chosen by the user, and stored in the two special function registers MRBH and MRBL. 
The base address is always on a 4K byte boundary, but otherwise it may be anywhere in 
data memory space, except at address 000000h. The MMR base address is formed by 
appending 12 zero bits to the concatenation of MRBH with MRBL[7:4], as shown in 
Figure 5-2.

-�.����3!%��-���(������*�����##��"(���(������

Any data memory address asserted by the CPU, whose 12 most significant bits match 
MRBH[7:0] MRBL[7:4], will be routed to the internal MMR bus, enabling MMR access.

Offset FFFh

Logical MMR Space

512 Bytes Object Registers
Offset 1FFh

xy0000h

xyFFFFh

Data Segment xy

MRBH[7:0] = xy
a23 a16

00000000
a7 a0

MRBL[7:4]0000
a15 a8

4096
bytes
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The MRBE bit in MRBL[0] is the global enable bit for all MMR access. If MRBE = 0, 
then all access to MMRs is disabled. The reset values for MRBH and MRBL are 0F and 
F0, respectively. Therefore, after a reset, MMR space is mapped to the uppermost 4K 
bytes of Data Segment 0F (i.e., MMR base address = 0FF000h), but access to MMRs is 
disabled. The mapping of MMR space after a reset is shown in Figure 5-3.

-�.����3!���##���(����.�(*���������

Segment FF

Segment 11

Segment 10

Segment 0F
0FFFFFh

0FF000h = MMR Base

Segment 02

Segment 01

0003FFh

000400h

000000h

Segment 00

Internal Data Memory

…
…

…
…
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There is a 512-byte block of on-chip RAM, or XRAM, whose address is programmable 
under software control. The XRAM may contain some, or all, of the 32 XA-C3 message 
buffers, and/or it may be used for other purposes. The physical XRAM is mapped to a 
block of space in logical data memory, specified by the XRAM base address. The XRAM 
should not be confused with the 1K byte, internal (Scratch-Pad) data memory.

The base address for the XRAM is always on a 512-byte address boundary, and is formed 
by appending 9 zero bits to the concatenation of MBXSR with XRAMB[7:1], as shown 
in Figure 5-4. Any address asserted by the XA core, or the DMA engine, whose high 
order 15 bits match those of the XRAM base address, will be automatically routed to the 
XRAM.

-�.����3!)��-�����.��������#�"(���(������

The XRE bit in XRAMB[0] is the enable bit for the XRAM. XRE must be set to one by 
the CPU in order to enable the XRAM. After a reset, the XRE bit is zero, thus the XRAM 
is disabled.

XRAM base + 512

XRAM

xy0000h

XRAM base address

xyFFFFh

Data Segment xy

MBXSR[7:0] = xy
a23 a16

00h
a7 a0

XRAMB[7:1]
a15 a8

0

512
bytes
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The reset values for the MBXSR and the XRAMB registers are FFh and FEh 
respectively. Therefore, after a reset, the XRAM is disabled and mapped to the very top 
of data memory space, as shown in Figure 5-5.

Note that the MBXSR register specifies the 64K byte data memory segment for both the 
physical XRAM, and the logical message buffers. Therefore, the following points should 
be noted when configuring either of these:

• The XRAM and all 32 message buffers will always be mapped to the same 64K byte 
segment in logical data memory space, even if no message buffers are mapped into the 
XRAM.

• Only if all 32 message buffers are mapped into the XRAM, may the XRAM and the 
message buffers be mapped above the 1M byte address limit (addresses 100000h and 
above).

• If any of the 32 message buffers will be mapped into external data memory, then all 32 
message buffers and the XRAM must be mapped below the 1M byte address limit (i.e., 
mapped into Data Segment 0F or below).

• If there is any external data memory in the system, it must be placed by external 
hardware below the 1M byte address limit (addresses 0FFFFFh and below). However, 
if external data memory will not contain any message buffers, then the XRAM and the 
message buffers may still be mapped above the 1M byte address limit.
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Segment FF
FFFFFFh

FFFE00h = XRAM base

Segment 11

Segment 10

Segment 0F

Segment 02

Segment 01

0003FFh

000400h

000000h

Segment 00

Internal Data Memory

…
…

…
…
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XA core registers, I/O ports, and many control and status bits for XA-C3 peripherals are 
accessed through Special Function Registers. The XA CPU may access SFRs at any time, 
without regard to pointers or segment registers. The unique SFR address is always 
encoded within the instruction itself, as in Direct Addressing. The SFR address space is a 
completely separate logical space, distinct from data memory and code memory.

The logical SFR address space spans 1K byte, from addresses 400 through 7FF. This is 
further divided into two 512-byte blocks, the lower half being assigned to on-chip SFRs, 
while the upper half is reserved. Additionally, the low 64 bytes of on-chip SFR space 
(addresses 400 - 43F) are bit addressable. SFR space is depicted in Figure 5-6. For more 
information on XA Special Function Registers, please see 16-bit 80C51XA 
Microcontrollers (eXtended Architecture) Data Handbook IC25.

-�.����3! ���-��(���������(��
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The following example demonstrates how an SFR bit address is calculated from a given 
SFR byte address.

Example: Calculate the SFR bit address of IE0, the flag bit for INT0.

• The SFR byte address for IE0 is 410[1].

Special Function Registers are accessed through a distinct logical address space, 
independent and separate from code space and data space.

5FF
600

43F

400

bit addressable

7FF

Reserved

On-Chip SFRS
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• The low 3 bits of the 10-bit SFR bit address represent the bit position. In this case 001 
represent ‘[1]’.

• The next 6 bits of the 10-bit SFR bit address represent the least significant six bits of 
the SFR byte address. In this case 010000 represent ‘10’.

• The most significant bit of the 10-bit SFR bit address is always 1.

• The SFR bit address is formed by concatenating these three fields in the following 
manner: 1 010000 001 �� 10 1000 0001 = 281h.

• Each of the following assembly language instructions would clear this bit to zero:
CLR IE0

CLR TCON.1

CLR 281

3+ �����*(���.�$��������������(��4��

The XA-C3 can access external code and data memory through the external bus. The 
width of the external data bus is always16 bits (unlike some other XA family devices.) 
The logic state of the P3.5/T1 pin should be ‘1’ at reset (plus a multiple clock period hold 
time after Reset, see datasheet) in order for the external bus to function properly. 

The XA-C3 provides address lines A19 - A0 on package pins, so the accessible address 
space for external memory is 000000 - 0FFFFF. Thus, all external memory must be 
placed in the lowest 1MB of the address space.

The four lowest address lines, A3 - A0, are not multiplexed, and are driven by the XA-C3 
for the duration of a complete bus cycle. These address lines do not need to be latched by 
an external device. Addresses A19 - A4 appear on multiplexed address/data lines, which 
are shared with data bits D15 - D0. During the address phase of a bus cycle, the portion 
of the 20-bit address appearing on A19 - A4 must be captured by an external address 
latch, in order to be held constant during the subsequent data phase of the bus cycle.

Finally, it should be noted that each address and multiplexed address/data line shares a 
pin with an I/O port bit. Therefore, the I/O port bit will not be available in any system 
with external memory which uses the associated address or multiplexed address/data line. 

Caution ... Even though the I/O port functionality of an external bus pin is not available, 
the driver configuration for that pin, as selected with the PnCFGB and PnCFGA registers, 
is always valid, and the I/O port output latch remains active. Therefore, writing ‘0’ to an 
I/O port bit will override bus operations on that pin, and immediately drive the associated 
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external bus line low. The I/O port output latches have a default value of ‘1’ after reset, 
and should never be written with ‘0’ for any pins used as external bus lines.

In addition to address and address/data lines, the XA-C3 external bus includes the 
following control signals:

• Address Latch Enable (ALE)
A logic high on the ALE output signal coincides with changing address/data lines from 
the XA. The external address latch must close, capturing the new address, when the 
ALE signal goes low.

• Program Store Enable (PSEN)
PSEN is the read strobe for an external code read. PSEN will remain high when an 
external code read is not in progress. PSEN = 0 directs the external code device to 
drive the next instruction onto the bus. PSEN is typically connected to the Output 
Enable (OE) pin of external PROMs or EPROMs.

• Read (RD)
RD is the read strobe for an external data read. RD = 0 directs an external data device 
to drive its data onto the bus for the XA-C3. The XA-C3 samples the data on the 
subsequent rising edge of RD. RD is typically connected to the RD input of the 
external device.

• Write Low (WRL)
WRL is the write strobe for the low byte of an external data write. On the falling edge 
of WRL the XA-C3 drives output data onto the bus. WRL applies only to the even 
addressed, low byte of the data word. During a word write, both WRL and WRH are 
asserted low.

• Write High (WRH)
WRH is the write strobe for the odd addressed, high byte of an external data write. 
WRH is asserted low during word writes, and during high byte writes.

• WAIT
By asserting a logic ‘1’ on the WAIT input after a bus cycle has begun, an external 
device can suspend the bus cycle indefinitely. After the external device releases WAIT, 
the bus cycle will continue to completion.

WARNING! For any pin being used as an external bus line, a ‘0’ in the associated I/
O port bit output latch will override bus operations and force the bus line low.
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Configuration of the external bus is controlled by bits in the special function register 
MIFCNTL. Please note that there is an SFR called BCR which also affects the external 
bus. In the XA-C3, the reset value of BCR is 07h, and this value should never be changed 
by application software.

The MIFCNTL register is shown below, and its functions are explained in the sections 
that follow.

MIFCNTL

3+8+� 	(�(�4���;����������$(6��� �4���

The external data bus is always16 bits wide. There is no 8 bit mode (as there is with 
many other XA Family parts.)

3+8+�+� MIFCNTL[2]������(�$(6��"������������

MIFCNTL[2] must always be a ‘1’; if this bit is a ‘0’, the external bus will not work 
properly. The logic level of the P3.5/T1 pin is copied into MIFCNTL[2] at the end of 
reset by hardware; therefore this pin must either be driven to ‘1’ by external hardware, or 
allowed to pull itself to ‘1’ by the internal pullup resistor. WARNING: The hold time for 
this signal after the rising edge (deassertion) of Reset is several clocks (see datasheet.)

3+8+% ��������4���;����

The number of active address lines for the external bus is controlled by the 2-bit field 
[BC1 BC0] as follows:

[BC1 BC0] = 00 … 12 address lines
[BC1 BC0] = 01 … 16 address lines
[BC1 BC0] = 10 … 20 address lines
[BC1 BC0] = 11 … 24 address lines, not recommended.

The reset state of the [BC1 BC0] field is ‘11’.

Caution: Special function register BCR resets to 07h, and must never be modified!

8  3 ) � % � &
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The external bus can be disabled, when necessary. When executing code near the end of 
on-chip code memory, instruction pre-fetches can cause the external bus to activate 
inadvertently. To prevent this, application software may disable, and subsequently 
reenable, the bus by writing to the BUSD bit as follows:

BUSD = 0 … external bus enabled
BUSD = 1 … external bus disabled

The BUSD bit resets to ‘0’.

3+8+) ;����	��("��

The external WAIT input can be disabled, if desired. When disabled, the XA-C3 will 
ignore the value on the WAIT input. In applications where the WAIT function is not used, 
and all code is executed from internal code memory, the EA/Vpp/WAIT pin can be tied 
high, and WAIT disabled by writing to the WDSBL bit as follows:

WDSBL = 0 … WAIT function enabled
WDSBL = 1 … WAIT function disabled

The WDSBL bit resets to ‘0’.

3+9 ������(��4��������.

The timing parameters for the XA-C3 External Bus are controlled by bits in the memory 
mapped registers MIFBTRH and MIFBTRL. It is important to note that there are two 
special function registers, BTRH and BTRL, which also affect bus timing. In the XA-C3, 
both BTRH and BTRL must be loaded by the user with the value 00h during the boot-up 
code sequence, after a reset. These registers should never be written with any other values 
at any time.

The registers MIFBTRH and MIFBTRL are described below. Clearly, their functionality 
replaces that of BTRH and BTRL as described in 16-bit 80C51XA Microcontrollers 
(eXtended Architecture) Data Handbook IC25.

MIFBTRH

Caution: Special function registers BTRH and BTRL must be initialized by software 
to 00h after a reset. No other values should be written to these registers at any time.

8  3 ) � % � &
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MIFBTRL

3+9+� #�-4��5A80 B����������$(6��"����"

The reset state of MIFBTRH[7:6] is 11b (these bits are also called [DW1 DW0]). These 
bits should always be written as 11b, when writing to the MIFBTRH register.

3+9+% 	(�(�;�����
6����$�����,�

The 2-bit field [DWA1 DWA0] in MIFBTRH[5:4] determines the duration of the write 
cycle, measured from ALE to the end of the write strobe, for an external data write. 
Please see Figure 5-7. The strobe’s length is configured as follows:

[DWA1 DWA0] = 00 … 2 clocks
[DWA1 DWA0] = 01 … 3 clocks
[DWA1 DWA0] = 10 … 4 clocks
[DWA1 DWA0] = 11 … 5 clocks

The reset state of [DWA1 DWA0] is 11.

3+9+� #�-4��5A�0%B����������$(6��"����"

The 2-bit field [DR1 DR0] in MIFBTRH[3:2] must always be written as 11b. The reset 
state of [DR1 DR0] is 11.

3+9+) 	(�(���(��
6����$�����,�

The 2-bit field [DRA1 DRA0] in MIFBTRH[1:0] determines the duration of the read 
cycle, measured from ALE to the end of the read strobe, for an external data read. Please 
see Figure 5-9.

[DRA1 DRA0] = 00 … 2 clocks
[DRA1 DRA0] = 01 … 3 clocks
[DRA1 DRA0] = 10 … 4 clocks
[DRA1 DRA0] = 11 … 5 clocks

The reset state of [DRA1 DRA0] is 11.

8  3 ) � % � &
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The WM1 bit in MIFBTRL[7] determines the duration of the write strobe, measured from 
the falling edge to the rising edge of WRL and/or WRH, as follows (please see Figure 
5-8) :

WM1 = 0 … 1 clock
WM1 = 1 … 2 clocks

The reset state of [WM1] is 1.

3+9+ 	(�(�5��������

The WM0 bit in MIFBTRL[6] determines the data hold time, measured from the end of 
the write strobe, as follows (please see Figure 5-8):

WM0 = 0 … No extra clocks
WM0 = 1 … One extra clock

The reset state of [WM0] is 1.

3+9+8 �,��
�����;����

The ALEW bit in MIFBTRL[5] determines the ALE pulse width, measured from the 
rising edge to the falling edge, as follows (please see Figure 5-8):

ALEW = 0 … 1/2 clock
ALEW = 1 … 3/2 clocks

The reset state of [ALEW] is 1.

3+9+9 
������(������"��$��������,�

The 2-bit field [CR1 CR0] in MIFBTRL[3:2] determines the duration of code read cycles 
which do not begin with ALE. This is applicable to all bytes of the burst read except the 
first. In this case, the duration of the cycle is measured from address change to address 
change, as follows (please see Figure 5-10):

[CR1 CR0] = 00 … 1 clock
[CR1 CR0] = 01 … 2 clocks
[CR1 CR0] = 10 … 3 clocks
[CR1 CR0] = 11 … 4 clocks

The reset state of [CR1 CR0] is 11.
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The 2-bit field [CRA1 CRA0] in MIFBTRL[1:0] determines the duration of code read 
cycles which begin with ALE. This is applicable only to the first word of the burst read. 
In this case, the duration of the cycle is measured from the start of ALE to the end of 
PSEN as follows (please see Figure 5-10):

[CRA1 CRA0] = 00 … 2 clocks
[CRA1 CRA0] = 01 … 3 clocks
[CRA1 CRA0] = 10 … 4 clocks
[CRA1 CRA0] = 11 … 5 clocks

The reset state of [CRA1 CRA0] is 11.

3+9+�& ���(��<���������(��4���
6���������.�	�(.�(��

The timing diagrams that follow depict ‘ideal’ XA-C3 External Bus memory cycles. No 
reference to AC timing parameters is shown in the diagrams, and the diagrams are only 
meant to demonstrate the effects of bits in the MIFBTRH and MIFBTRL registers. It is 
important to note that strobes do not, in general, begin and end exactly coincidentally 
with transitions of the XA core (or system) clock, CClk, in the manner they are shown 
here. Propagation delays, and other sources of skew and delay usually push strobes back 
in time, later than the CClk edge to which they are associated. Please see AC timing 
parameters, in the XA-C3 Data Sheet, for details. 

Please keep in mind that CClk is an internal clock only, is not provided on an output pin, 
and cannot be observed. It is the master on-chip clock to which all synchronous events 
are referenced, and its frequency is equal to that of XTAL1.

-�.����3!8��;�����4���
6���������.

CClk 1 2 3

Address/Data Bus

ALE

WRL/WRH

A3-A0

address

DWA1 DWA0 = 00

data out
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CClk 1 2 3 4 5 6

Address/Data Bus

ALE

WRL/WRH

A3-A0

data outaddress

WM1 = 1ALEW = 1

DWA1 DWA0 = 11

WM0 = 1

CClk 1 2 3 4 5

Address/Data Bus

ALE

RD

A3-A0

data inaddress

DRA1 DRA0 = 01

CClk 1 2 3 4 5 6 7

Address/Data Bus

ALE

PSEN

A3-A0

instruction instruction instructionaddress

CR1 CR0 = 01 CR1 CR0 = 01CRA1 CRA0 = 00
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The WAIT input allows wait states to be inserted into any external bus operation. 
Assuming WAIT has been enabled by clearing the WDSBL bit to zero, then if WAIT is 
asserted (high) after a bus control strobe (PSEN, RD, WRL, or WRH) is driven by the 
XA, that bus operation is stretched, and the control strobe remains low until WAIT is 
removed. It is important to note that external circuitry must generate the WAIT signal at 
appropriate times, so AC timing parameters in the XA-C3 Data Sheet should be consulted 
accordingly.

The following constraints apply to the use of external WAIT:

• Normally, WAIT should be asserted after the bus control strobe (PSEN, RD, WRL, or 
WRH), but it may be asserted any time after the beginning of ALE.

• The bus strobe must be 2 or more clocks in duration.

3+:+�+� �6���(����(����0�;�������(��������(���(�(���(�

A typical external (data) read cycle with external WAIT is shown in Figure 5-11. For this 
example, the RD strobe has been configured to be 2 clocks in duration (i.e., [DRA1 
DRA0] = 00). The bus cycle proceeds as follows, with reference to the numbered arrows 
in Figure 5-11:

1. After the falling edge of RD, the external device asynchronously asserts WAIT, and 
it begins driving its data onto the bus.

2. The XA-C3 samples the EA/Vpp/WAIT input = 1 (on the rising edge of CClk), and 
inserts one WAIT state. If WAIT had been sampled low, the bus cycle would have 
ended here.

3. Valid data from the external device is available on the bus, so the device removes the 
WAIT signal.

4. The XA-C3 samples the EA/Vpp/WAIT input = 0, and will terminate the bus cycle 
on the 3rd rising edge of CClk after WAIT goes low.

5. The XA removes the RD strobe, ending the bus cycle.
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The logic state of the EA/Vpp/WAIT input, when RESET goes high, determines from 
which portions of physical memory code will be executed. The logic level of the EA 
input is latched when RESET goes high, so whichever mode is selected remains valid 
until the next RESET. 

If EA is low as RESET goes high, then External Access has been selected, and the CPU 
will begin executing code from external code memory. All subsequent code will be 
fetched from external code memory, and the internal code memory will be unused.

If EA is high as RESET goes high, then External Access has not been selected, and the 
CPU will begin executing code from internal code memory. In this case, please keep in 
mind that even though External Access has not been selected, the CPU will still attempt 
to fetch code from external code memory, for addresses above 007FFFh.

CClk 1 2 3 4 5 6 7

Address/Data Bus

ALE

RD

A3-A0

WAIT

data inaddress

2 3 4 51
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• SFR address 440h

• Reset value 00h

SCR

The System Configuration Register controls global operating modes for the XA, and is 
intended to be written once during system initialization and left alone thereafter. For 
details, including descriptions of the PT1, PT0, and CM bits, please see Subsection 4, 
CPU Organization, in the XA User Guide, Section 3 of 16-Bit 80C51XA 
Microcontrollers (eXtended Architecture) Data Handbook IC25.
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• SFR address 46Ah

• Reset value 07h

The reset value of the BCR register in the XA-C3 is 07h, and it should never be written 
with any other value.

3+�&+�+� 4��5�>4��������.���.������5�.�?

• SFR address 469h

• Reset value FF

In the XA-C3, the reset value of the BTRH register is FFh. After a reset, BTRH must be 
loaded by the user with the value 00h during the boot-up code sequence. BTRH must 
never be written with any other value at any time.

3+�&+�+) 4��,�>4��������.���.������,�$?

• SFR address 468h

• Reset value EFh

In the XA-C3, the reset value of the BTRL register is EFh. BTRL must be loaded by the 
user with the value 00h during the boot-up code sequence after a reset. BTRL must never 
be written with any other value at any time.

3+�&+�+3 #�-
��,�>#����6������*(���
������?

• SFR address 495h

• Reset value 00000r11, where bit [2] is determined by the logic state of the P3.5/T1 pin 
at reset. WARNING: MIFCNTL[2] must be ‘1’ BEFORE using the external bus, and 
never cleared to ‘0’ thereafter. The best way to accomplish this is by making sure that 
the P3.5/T1 pin is high as the XA-C3 comes out of Reset. Alternatively, if the chip is 
booting from Internal Code, this bit can be set to ‘1’ by software before the external 
bus is used.

MIFCNTL

G(��� #�(���.
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� �������(�������
(.��&C������(��!#����6�����C�����.�� !"���(��������+

8  3 ) � % � &

! ! ! ;	�4, 4��	 #����"��� 4
� 4
&



128 
�(�����30�#����6�1�.(��<(�����(���#����6������*(���>#�-?

��.�������*���#����6�
��*�.��(����

The MIFCNTL register controls the configuration of the external bus. MIFCNTL register 
bits have the following functions:

WDSBL

BUSD

MIFCNTL[2]

BC1 BC0

3+�&+�+ #�45�>##��4(�����������5�.��"6��?

• SFR address 497h

• Reset value 0Fh

MRBH

The contents of MRBH specify the uppermost 8 bits of the 24-bit MMR base address. 
The MMR base address is formed by the following concatenation:
N ##��4(�����������@�#�45A80&B�#�4,A80)B�A&&&�B

G(��� #�(���.

& ����;����*�������������("���+

� ����;����*��������������("���+

G(��� #�(���.

& ����������(��"��������("���+

� ����������(��"���������("���+

G(��� #�(���.

& �,,���,Q������"���������,;�P��"��I�J��������*�����/��������*�������!
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�+37�������.������C�����
�+37��?

G(��� #�(���.

&& ���������%�(���/��(�������������*�������������(��"��+

&� ��������� �(���/��(�������������*�������������(��"��+
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• SFR address 496h

• Reset value F0h

MRBL

The contents of MRBL[7:4] specify address bits a15 - a12 of the 24-bit MMR base 
address, as shown above. The MRBE bit in MRBL[0] has the following function:

MRBE

3+�&+% #����6�#(�������.�������*���#����6�
��*�.��(����

3+�&+%+� ���#4�>���#�4(�����.�����?

• MMR offset 290h

• Reset value FEh

XRAMB

The contents of XRAMB[7:1] specify address bits a15 - a9 of the 24-bit XRAM base 
address. The full XRAM base address is formed by the following concatenation:

• ���#�4(�����������@�#4���A80&B����#4A80�BA&B�A&&�B

The XRE bit has the following function:

XRE

8  3 ) � % � &
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G(��� #�(���.

& ����������#����6�#(�������.����������("���+

� ����������#����6�#(�������.���������("���+

8  3 ) � % � &

(�3 (�) (�� (�% (�� (�& (: ���

G(��� #�(���.

& �����������������#�������("���+

� �����������������#������("���+
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• MMR offset 291h

• Reset value FFh

MBXSR

The contents of MBXSR specify address bits a23 - a16 (the 64K byte segment) of both 
the XRAM base address (as shown above), and all message object buffers.

3+�&+%+� #�-4��5�>#����6������*(���4��������.���.������5�.�?

• MMR offset 293h

• Reset value FFh

MIFBTRH

The contents of the MIFBTRH register specify various timing parameters for the external 
bus, as follows:

DW1 DW0

DWA1 DWA0

8  3 ) � % � &

(%� (%% (%� (%& (�: (�9 (�8 (� 

8  3 ) � % � &

	;� 	;& 	;�� 	;�& 	�� 	�& 	��� 	��&

G(��� #�(���.

&& ����.(�����*�����/��������*���!
�

&� ����.(�����*�����/��������*���!
�

�& ����.(�����*�����/��������*���!
�

�� ,�.(�C�(�$(6��$�������"���������%�"���*����

G(��� #�(���.

&& 	(�(�$���������"�C�$�����,�C����%�����=��������(����+

&� 	(�(�$���������"�C�$�����,�C����������=��������(����+

�& 	(�(�$���������"�C�$�����,�C����)�����=��������(����+

�� 	(�(�$���������"�C�$�����,�C����3�����=��������(����+
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DR1 DR0

DRA1 DRA0

3+�&+%+) #�-4��,�>#����6������*(���4��������.���.������,�$?

• MMR offset 292h

• Reset value EFh

MIFBTRL

The contents of the MIFBTRL register specify various other timing parameters for the 
external bus, as follows:

WM1

WM0

G(��� #�(���.

&& ����.(�����*�����/��������*���!
�

&� ����.(�����*�����/��������*���!
�

�& ����.(�����*�����/��������*���!
�

�� ,�.(�C�(�$(6��$�������"���������%�"���*����

G(��� #�(���.

&& 	(�(���(������"�C�$�����,�C����%�����=��������(����+

&� 	(�(���(������"�C�$�����,�C����������=��������(����+

�& 	(�(���(������"�C�$�����,�C����)�����=��������(����+

�� 	(�(���(������"�C�$�����,�C����3�����=��������(����+

8  3 ) � % � &

;#� ;#& �,�; ! 
�� 
�& 
��� 
��&

G(��� #�(���.

& ;���������"�����������=�������(����+

� ;���������"�����%�����=��������(����+

G(��� #�(���.

& 	(�(����������������������>�������(�����=��(����?+

� 1�������(�����=��6����(���������(�(����������+
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ALEW

CR1 CR0

CRA1 CRA0

G(��� #�(���.

& �,��������$���������7%�����=+

� �,��������$���������7%�����=�+

G(��� #�(���.

&& 
������(������"�C�$��������,�C����������=��������(����+

&� 
������(������"�C�$��������,�C����%�����=��������(����+

�& 
������(������"�C�$��������,�C����������=��������(����+

�� 
������(������"�C�$��������,�C����)�����=��������(����+

G(��� #�(���.

&& 
������(������"�C�$�����,�C����%�����=��������(����+

&� 
������(������"�C�$�����,�C����������=��������(����+

�& 
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The purpose of this chapter is to provide general information about the on-chip CPU and 
peripherals in the XA-C3. For the XA-C3 programmer who is already familiar with the 
XA Core and its standard peripherals, this chapter contains the information necessary to 
start programming, including current register addresses and any operational differences or 
enhancements.

Programmers who are new to one or more of the peripherals will want to begin by 
reading the relevant sections in 16-bit 80C51XA Microcontrollers (eXtended 
Architecture) Data Handbook IC25, as referenced by the citations in this chapter, in order 
to gain a detailed operational understanding of the device(s).

The newest peripheral in the XA family, the SPI Port, is described in full detail in 
Appendix D.

 +�+� 1�.(��<(������*������
�(����

The on-chip CPU, and in particular the use of its two power reduction modes, is the 
subject of Section 6.2. The SPI Port is discussed in Section 6.3. I/O Ports and the general 
use of multifunction pins are the subject of Section 6.4. XA-C3 Timer/Counters are 
discussed in Section 6.5. The Watchdog Timer subsystem is the subject of Section 6.6. 
Section 6.7 discusses the XA-C3’s serial port, UART 0.
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The on-chip CPU in the XA-C3 is an 80C51XA. Detailed information on the standard 
XA Core is available in 16-bit 80C51XA Microcontrollers (eXtended Architecture) Data 
Handbook IC25.

Specific features of the on-chip XA CPU

• 16-bit fully static CPU with 24-bit program and data memory spaces.

• 32K bytes of on-chip EPROM code memory.

• 1024 bytes of on-chip RAM data memory.

• Eight 16-bit CPU registers each capable of performing all arithmetic and logic 
operations as well as acting as memory pointers. Operations may also be performed 
directly to memory.

• Both 8-bit and 16-bit CPU registers, each capable of performing all arithmetic and 
logic operations.

• Enhanced instruction set that includes bit intensive logic operations and fast signed or 
unsigned 16 �  16 multiply and 32 / 16 divide.

• Instruction set tailored for high-level language support.

• Multi-tasking and real-time executives that include 13 Event interrupts, 7 Software 
interrupts, 8 Exception interrupts, 16 Trap interrupts, segmented data memory, and 
banked registers to support context switching.

• Upward compatibility with the 80C51 architecture

• Low power operation that includes Power-Down and Idle modes, which are the subject 
of the following section.

 +%+� 
�$�������������#����

The two standard XA power reduction modes, Power-Down mode and Idle mode, are 
both available in the XA-C3. For informational background and additional details on 
these modes, please see Subsection 4, CPU Organization, in the XA User Guide, Section 
3 of 16-Bit 80C51XA Microcontrollers (eXtended Architecture) Data Handbook IC25.

Because the CAN bus remains active, and messages for the XA-C3 may arrive while the 
chip is in a power reduction mode, the use of these modes in the XA-C3 requires special 
handling, and is discussed in the following sections.

 +%+�+� �����#���

Idle mode is initiated by setting the IDL bit in SFR PCON[0]. In Idle mode, the on-chip 
oscillator and internal clocks are kept running, but gated off from the XA CPU. Hence, 
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code execution by the CPU is halted. However, clocks are supplied to the on-chip 
peripherals, which remain active and may cause interrupts that can terminate Idle mode.

Normally, the following on-chip peripherals remain active during Idle mode:

• SPI Port

• Timer/Counters 0, 1, and 2

• Watchdog Timer

• Serial Port 0

• CAN Core and Message Handler

Since the oscillator and clocks are already running, Idle mode is terminated immediately 
when any enabled interrupt occurs. Code execution resumes either with the interrupt 
service routine (if its priority is higher than that of currently executing code) or with the 
instruction following that which put the part into Idle mode.

As an added power saving feature of the XA-C3, the CAN Core together with the 
Message Handler circuits can be included in Idle mode along with the XA CPU, by 
setting the SLPEN bit in CANCMR[3]. This mode, called Sleep mode, is discussed in 
Chapter 2, “The CAN Core.” If the CAN Core and Message Handler are in Sleep mode, 
activity on the CAN RxD pin will awaken these circuits only, and not the CPU. Not until 
an enabled interrupt from the CAN Core or Message Handler (or some other enabled 
interrupt) occurs will Idle mode for the CPU be terminated.

 +%+�+% 
�$��!	�$��#���

Power-Down mode is initiated by setting the PD bit in SFR PCON[1]. In Power-Down 
mode, the on-chip oscillator is shut down and there is no chip activity of any kind. The 
contents of all internal registers and data memory is preserved, and I/O port pins retain 
their configurations and output latch values (unless Power-Down mode is terminated by a 
reset).

There are two conditions, with regard to CAN and CTL message handling, which must be 
met prior to setting the PD bit and entering Power-Down mode:

A. There is no activity on the CAN bus

B. No interrupts from the CAN Core are pending

When conditions A and B are true, hardware will set the SLPOK bit in CANSTR[2], for 
the benefit of the CPU. Before putting the XA-C3 into Power-Down mode, software 
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should check the state of the SLPOK bit. Only if SLPOK = 1 should Power-Down mode 
be initiated.

Power-Down mode can be terminated by any of the following events:

• Reset
If Power-Down mode is terminated by a hardware reset, as with any other system 
reset, all internal registers, RAM, and I/O port configurations will assume their reset 
values. All previous information will be lost.

• External Interrupts 0 or 1
In order for an external interrupt to terminate Power-Down mode, the interrupt must be 
enabled and configured for level-triggered mode. When a logic ‘0’ is detected on the 
external interrupt input, the on-chip oscillator will start up, and an internal counter will 
count 9,892 oscillator cycles to allow the oscillator enough time to stabilize. When 
terminal count is reached, code execution will continue either with the interrupt service 
routine (if it has higher priority than currently executing code) or with the instruction 
following that which put the part into Power-Down mode.

Upon termination of Power-Down mode due to an external interrupt, all previous 
register, RAM, and I/O port information will be retained.

• Any transition on the CAN RxD input
When the XA-C3 is in Power-Down mode, a state transition of the CAN RxD input 
will initiate a wake-up in the following manner:

– The on-chip oscillator is restarted. An internal counter will count 9,892 oscillator 
cycles to allow the oscillator enough time to stabilize.

– The XA CPU will then revert to Idle mode, in which internal clocks and on-chip 
peripherals are active, but the CPU is not executing code.

– The activity on CAN RxD will have also awakened the CAN Core and Message 
Handler, which will receive and process the impending message, as described in 
Chapter 2, Section 2.2.2.3.

– Any enabled Message Handler or CAN Core interrupt (or any other enabled 
interrupt) will terminate Idle mode for the CPU, and code execution will 
immediately resume either with the interrupt service routine (if its priority is higher 
than the priority of currently executing code) or with the instruction following that 
which put the part into Power-Down mode. Note that aside from the 9,892 cycle 
delay, wake up from Power-Down mode, due to CAN RxD activity, is identical to 
wake up from Sleep mode as described in Chapter 2.

Before putting the XA-C3 into Power-Down mode, software should check the state of 
the SLPOK bit in CANSTR[2]. Entering Power-Down mode should be delayed until 
SLPOK = 1.
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The SPI port is a full-duplex, serial communication bus, which performs simultaneous 
bidirectional synchronous transfers. The XA SPI Port is an SPI master only device, which 
supports SPI modes 1 and 3. SPI modes 2 and 4 are not supported. 

XA-C3 I/O port pins are used to provide SPI enables (CS) to slave devices, and so the 
number of supportable slave devices is limited only by the number of available port pins. 
For an application which uses only one SPI slave device, it is not usually necessary to 
provide a CS, if the slave device’s enable can be hard-wired active.

The SPI port provides selectable inverted or non-inverted clock polarities, and a 
selectable bit rate. Data frames can be from one to eight bits in length, and the SPI port 
will generate an interrupt, if enabled, upon completion of an SPI bus cycle (one to eight 
bit times, full duplex).

A complete functional description of the XA SPI port can be found in Appendix D.
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Relevant addresses for the XA-C3 SPI port’s MMRs are given in Table 6-3.
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ESPI, the enable bit for the SPI port interrupt, is in SFR IEH[3]. The byte address of 
ESPI is 427[3] and the bit address is 33B. The SPI port interrupt is summarized in Table 
6-4.
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The logic associated with the P1.6/T2/SPICLK multifunction pin is shown in Figure 6-1. 
The SPI clock output (SPICLK) must idle in the logic ‘1’ state in order to enable the 
AND driver for the Timer 2 and P1[6] output functions. The default state from reset is 
inverted polarity SPICLK, which provides the necessary logic ‘1’ idle. If the SPI port is 
used with a non-inverted (normal polarity) clock, then SPICLK will idle in the logic ‘0’ 
state. Subsequently, if either the Timer 2 or the P1[6] output functions are desired, then 
inverted SPICLK must first be reselected.

Logic associated with P1.5/SPITx and P1.4/SPIRx is shown in Figure 6-2 and Figure 6-3 
respectively. Since the SPITx output function shares a multifunction pin with P1[5], and 
the SPIRx input function shares one with P1[4], these ports must be configured 
appropriately in order to use the associated SPI or I/O port functions.
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P1.6/T2/SPICLK

To P1[6] DataIn

P1[6] Output Latch

P1CFGB[6]
P1CFGA[6]

Timer/Counter2_In

Border of
XA-C3 Chip

I/O Port Pin Logic
SPI 

Timer/Counter 2

External Clock In

Programmable Clock Out

SPICLK

SPITx

P1CFGB[5]
P1CFGA[5]

P1[5] Output LatchP1.5/SPITx

Border of
XA-C3 Chip

I/O Port Pin Logic SPI

To P1[5] DataIn
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P1.4/SPIRx

To P1[4] DataIn

P1[4] Output Latch

P1CFGB[4]
P1CFGA[4]

Border of
XA-C3 Chip

I/O Port Pin Logic SPI

SPIRx
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The XA-C3 implements the standard complement of four 8-bit wide I/O ports, Ports 0, 1, 
2, and 3. Each individual I/O port bit is accessed through a bit addressable SFR, and can 
be read, written, and tested independently. XA-C3 I/O port functions are summarized in 
the following paragraphs. For a more detailed functional description, please see XA-G3 
CMOS single-chip 16-bit microcontroller, in Section 4 of 16-Bit 80C51XA 
Microcontrollers (eXtended Architecture) Data Handbook IC25.

There are two logic values associated with every I/O port bit: The contents of the port 
latch, and the logic level of the actual port pin. These values will often be different. When 
data are written to a port bit, they are stored in the port latch. When the port bit is 
explicitly read by the CPU, the value of the port pin is returned. Certain arithmetical, 
logical, and branch instructions implicitly read an I/O port before performing an 
operation on the data, and writing a result back to the port. Such operations, called 
Read-Modify-Write operations, read the value of the port latch, not the port pin. The 
reading of I/O ports is summarized in Table 6-5.

�("��� !3����(���.��71�
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Each I/O port bit driver can be independently configured as open drain, 
quasi-bidirectional, high impedance, or push-pull. There are two SFRs, for each 8-bit 
wide I/O port, where the individual port bit driver configurations are specified. For Port 
0, these SFRs are P0CFGB and P0CFGA, for Port 1 they are P1CFGB and P1CFGA, etc. 
The configuration of bit [i] in Port n (Pn.i, where n = 0 … 3 and i = 0 … 7) is specified 
according to Table 6-6.
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Every I/O port bit shares a pin with at least one other function, and there are two 
additional multifunction pins not related to I/O ports. Multifunction pin output stages are 
implemented using the standard XA ‘AND’ driver logic. Any output function on a shared 
pin which asserts a logic ‘0’ at any time will pull the pin low. Therefore, all unused 
output functions should always output logic ‘1’ so that the AND driver will be enabled 
for the active function on that pin. For pins configured as inputs, data on the physical pin 
are always available to all input functions sharing that pin. The P1.6/T2/SPICLK pin, 
depicted in Figure 6-1, is a good example of both concepts.

It is important to note that the port bit configurations given in Table 6-6 are always valid, 
even on pins which are only being used for the external bus. Thus, all port latches for 
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external bus pins should always contain the value ‘1’ (which is the default state from 
reset). Writing ‘0’ to any port latch will override bus operations on that pin, and force the 
corresponding address/data line low. This would be a bad thing.

The following functions share multifunction pins in the XA-C3:

 +3 �����7
�������

The XA-C3 has three16-bit enhanced timer/counters, Timer 0, Timer 1, and Timer 2. All 
timer/counters can perform the following functions:

• Measure time intervals/pulse durations

• Count external events

• Generate interrupt requests

• Generate PWM or timed output waveforms

Each timer/counter may be individually programmed to operate either as a timer or as an 
event counter, and may be dynamically read during operation.

There is one internal clock, called TCLK, which drives all the timers (including the 
Watchdog Timer). The frequency of TCLK, as a fraction of the system clock frequency, is 
programmable by user software.

The available functions of the XA-C3 timer/counters are summarized below. All timers 
operate identically to their counterparts in the XA-G3, and complete operational details 
can be found in XA-G3 CMOS single-chip 16-bit microcontroller, in Section 4 of 16-Bit 
80C51XA Microcontrollers (eXtended Architecture) Data Handbook IC25.

For any pin being used as an external bus line, a ‘0’ in the associated I/O port bit 
output latch will override bus operations and force the bus line low.
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The Timer 1 overflow rate (in modes 1 or 3) can be used as the baud rate generator for 
the serial port/UART. Both Timer 0 and Timer 1 can operate in any one of the following 
four modes:

• Mode 0: 16-bit auto reload

• Mode 1: 16-bit non-auto reload

• Mode 2: 8-bit counter with auto reload

• Mode 3: Timer 0 becomes two separate 8-bit counters, and Timer 1 can be used for 
anything not requiring an interrupt.

 +3+% ������%

Timer 2 can be operated in any one of the following three modes:

• Auto Reload (up or down counting)

• Capture

• Baud Rate Generator for Serial Port
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The Watchdog Timer subsystem can protect an XA system from infinite loops, or other 
unintentional code execution states, by causing an internal Reset. The Watchdog Timer 
will be running after any type of reset, and will periodically reset the chip unless it is 
either “fed” or disabled by user software. Specifically, as long as user software continues 
to “feed” a running watchdog timer, it will not underflow. If user software becomes stuck, 
and neglects to feed the Watchdog Timer, the timer will underflow and reset the chip. 

The same internal clock that is used to drive the timer/counters (TCLK) also drives the 
Watchdog Timer. The frequency of TCLK, as a fraction of the system clock frequency, is 
programmable by user software.

The XA-C3 Watchdog Timer subsystem is the same as that found in the XA-G3, and 
complete operational details can be found in XA-G3 CMOS single-chip 16-bit 
microcontroller, in Section 4 of 16-Bit 80C51XA Microcontrollers (eXtended 
Architecture) Data Handbook IC25.
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There is one serial port/UART in the XA-C3, UART 0.

The BAUD rate for UART 0 can be specified either as a fixed fraction of the system 
clock rate, or by the Timer 1 or Timer 2 overflow rates. In addition, there are four 
available operating modes for the UART:

• Mode 0: Serial I/O Expansion mode.

• Mode 1: Standard 8-bit UART mode.

• Mode 2: Fixed rate 9-bit UART mode.

• Mode 3: Standard 9-bit UART mode.
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The XA-C3 serial port/UART functions identically to its counterpart in the XA-G3, and 
complete operational details can be found in XA-G3 CMOS single-chip 16-bit 
microcontroller, in Section 4 of 16-Bit 80C51XA Microcontrollers (eXtended 
Architecture) Data Handbook IC25.
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Interrupts in the XA-C3 are implemented using a standard XA Interrupt Controller. A 
detailed discussion of the XA Interrupt Controller can be found in 16-bit 80C51XA 
Microcontrollers (eXtended Architecture) Data Handbook IC25. The interrupt controller 
accepts and prioritizes both internal and external interrupt requests, and generates a 
vector number in the interrupt vector table during the CPU interrupt acknowledge cycle. 
Interrupt nesting is provided, so that a lower priority interrupt may be suspended by a 
higher priority interrupt.

XA interrupts are processed according to the following procedure:

• Interrupt requests are collected by the interrupt controller.

• Priority is determined, and the highest priority request is presented to the CPU.

• If the priority level of the interrupt is higher than that of the currently executing code, 
the CPU responds with an interrupt acknowledge cycle, after execution of the current 
instruction is complete.

• The current value of the PC, which is the address of the next instruction after returning 
from interrupt, is pushed onto the system stack, followed by the current value of the 
PSW.

• The new PC and PSW are fetched from the interrupt vector table in the bottom of code 
memory.

• Instruction execution resumes at the new PC address (the beginning of the interrupt 
service routine), with the new PSW replacing the old.

• A return from interrupt is normally initiated by the execution of an RETI instruction, 
which pops the old PSW and PC from the system stack.

• Instruction execution resumes at the address specified by the restored PC, with the 
context of the restored PSW.

8+�+� 1�.(��<(������*������
�(����

A review of the four native XA interrupt types appears in Section 7.2, while the rest of 
the chapter covers XA-C3 event interrupts in detail.
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The XA family architecture defines four types of interrupts: exception interrupts, event 
interrupts, software interrupts, and trap interrupts.

8+%+� ��������������������

Exception interrupts reflect events of overriding importance, and are always serviced 
immediately when they occur, regardless of the priority level of currently executing code. 
Exceptions defined in the XA-C3 are: Reset (External Reset, Watch Dog Reset, Reset 
Instruction), RETI executed in User mode, Divide-By-Zero, Stack Overflow, Trace, and 
Breakpoint. In addition, NMI is handled by the XA Core in the same manner as 
exceptions, and factors into the precedence order of exception processing. Furthermore, 
there are nine reserved exception interrupts.

Any exception occurring during the execution of another exception’s interrupt service 
routine will be serviced immediately. In the event that multiple exceptions are triggered 
simultaneously, there is a fixed service precedence ranking that determines which 
exception will be taken first. Exception interrupts are listed in Table 7-1. For more details 
on exception interrupts, see 16-bit 80C51XA Microcontrollers (eXtended Architecture) 
Data Handbook IC25.

�("���8!�����������������������
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Event interrupts (discussed in this chapter) reflect hardware events which are less critical, 
and are associated with both on-chip peripheral devices and external interrupt inputs. 
Event interrupts may be globally enabled and disabled using the EA bit, and individually 
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enabled and disabled using specific bits in the IEL and IEH registers. If the event 
interrupt for a peripheral is disabled, but the peripheral continues to operate and sets its 
interrupt flag, an interrupt will occur when it is subsequently reenabled in the IEL or IEH 
registers.

An event interrupt is serviced only when it becomes the highest priority interrupt 
pending, and its priority is higher than that of currently executing code. Each event 
interrupt is assigned a priority level using an associated field in the interrupt priority 
registers IPA0 - IPA7. For the XA-C3, the priority level can be any value from 9 - 15. If 
multiple event interrupts occur simultaneously, the one with the highest priority will be 
serviced first. If multiple event interrupts with identical priorities are pending 
simultaneously, there is a fixed arbitration ranking that determines which is serviced first. 
In this case, the event interrupt with the lowest arbitration rank will be serviced first. 
XA-C3 event interrupts are summarized in Table 7-4, and are discussed beginning in 
Section 7.3.

For additional details on XA event interrupts see 16-bit 80C51XA Microcontrollers 
(eXtended Architecture) Data Handbook IC25.

8+%+� ��*�$(�������������

Software interrupts function essentially like event interrupts, but they are generated when 
software sets an interrupt request bit in the SWR register. If the corresponding enable bit 
in the SWE register is also set, then the software interrupt will be serviced when it 
becomes the highest priority pending interrupt, and its priority is higher than that of 
currently executing code. Each software interrupt has a fixed priority between 1 and 7, 
and these are shown in Table 7-2.

For further detail on Software Interrupts, including an important discussion of priority 
inversion, see 16-bit 80C51XA Microcontrollers (eXtended Architecture) Data Handbook 
IC25.
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Trap interrupts are generated by the execution of the Trap instruction. There are 16 Traps 
available, Trap 0 - Trap 15. Trap interrupts are provided to support application specific 
requirements, as a convenient mechanism for entering routines which are used globally, 
and for allowing transitions between User mode and System mode. A Trap interrupt will 
occur if and only if the Trap instruction is executed, so there is no precedence scheme for 
simultaneous Traps. Trap interrupts are enumerated in Table 7-3. For additional details on 
Trap Interrupts, see 16-bit 80C51XA Microcontrollers (eXtended Architecture) Data 
Handbook IC25.
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The XA-C3 implements the following event interrupts:

• Rx Message Complete

• Tx Message Complete

• Message Error

• Frame Error

• SPI Port

• Serial Port 0 Transmit

• Serial Port 0 Receive

• Rx Buffer Full

• Timer 2

• External Interrupts 0 and 1

• Timers 0 and 1

Event interrupts must be globally enabled by setting the EA bit to one. The EA bit is in 
special function register IEL[7], with SFR byte address 426[7], and bit address 337. 
Clearing the EA bit to zero globally disables all event interrupts.

The interrupt priority registers, IPA0 through IPA7, are non-bit addressable SFRs. The 
priority of each event interrupt is selected by writing to the associated 3-bit field in the 
interrupt priority registers. Priorities are assigned in the following manner:

IPAx[6:4] or IPAx[2:0] = 111 … Priority 15 (highest priority)
IPAx[6:4] or IPAx[2:0] = 110 … Priority 14
IPAx[6:4] or IPAx[2:0] = 101 … Priority 13
IPAx[6:4] or IPAx[2:0] = 100 … Priority 12
IPAx[6:4] or IPAx[2:0] = 011 … Priority 11
IPAx[6:4] or IPAx[2:0] = 010 … Priority 10
IPAx[6:4] or IPAx[2:0] = 001 … Priority 9
IPAx[6:4] or IPAx[2:0] = 000 … Priority 0, effectively disables the interrupt

The Arbitration Ranking determines which interrupt is serviced first, if more than one 
interrupt with the same priority occurs simultaneously. ArbRank 0 will be serviced first, 
and ArbRank 17 will be serviced last. XA-C3 event interrupts are summarized in Table 
7-4.
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The portion of Table 7-4 relating to the Rx and Tx Message Complete interrupts is 
reproduced above. The Rx Message Complete Interrupt Flag (RMCIF) in 
CANINTFLG[0] is set when any receive message object, whose interrupt is enabled with 
OBJ_EN = 1, has a message complete condition. Similarly, the Tx Message Complete 
Interrupt Flag (TMCIF) in CANINTFLG[1] is set when any transmit object, whose 
interrupt is enabled with OBJ_EN = 1, has a message complete condition. Message 
complete conditions are discussed in Chapter 3, Section 3.5.

The message complete interrupt flags should always be cleared using the following 
two-step process:

1. Message complete status flags, for all interrupt enabled objects of similar type (Rx or 
Tx), are first cleared by writing ‘1’ to their bit positions.

2. The Message Complete Interrupt Flag itself is then cleared by writing ‘1’ to its bit 
position.

Caution: The message complete interrupt flags may be cleared before all message 
complete status flags, for interrupt enabled objects of that type, are removed. However, 
the interrupt flag will not be reset to ‘1’ by hardware, unless a new message complete 
condition occurs for some other interrupt enabled object. Therefore, it is strongly 
recommended that message complete interrupt flags be cleared only after clearing the 
status flags for all interrupt enabled objects of similar type, and at the end of the interrupt 
service routine.

The logic for message complete status flags and interrupt flags is depicted graphically in 
Figure 7-2. There is an additional register, the Message Complete Information Register, 
which is involved in message complete interrupt processing. Operational details 
regarding the MCIR register can be found in Chapter 3, Section 3.8.1.3.
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The portion of Table 7-4 relating to the Message Error interrupt is reproduced above. The 
Message Error Interrupt Flag (MERIF) in CANINTFLG[3] is set when any Tx object has 
a Tx Buffer Underflow condition, or when any Rx object has a Fragmentation Error 
condition. Tx Buffer Underflow and Fragmentation Error are discussed in Chapter 3, 
Section 3.8.3.1 and Section 3.5.6, respectively. 
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The Message Error interrupt cannot be disabled for individual message objects. The 
Message Error Interrupt Flag is cleared by writing ‘1’ to the MERIF bit’s position in 
CANINTFLG[3].

The Message Error Information Register is also involved in Message Error (and Rx 
Buffer Full) interrupt processing. Detailed information on its use can be found in Chapter 
3, Section 3.8.3.3.

8+ -�(������������������

The portion of Table 7-4 relating to the Frame Error interrupt is reproduced above. There 
are six conditions generated from within the CAN core, any of which can cause the 
Frame Error Interrupt Flag to be set. The six conditions are:

• Bus Error

• Pre-Buffer Overflow

• Arbitration Lost

• Error Warning

• Error Passive

• Bus-Off

Each condition has a corresponding status flag in the Frame Error Status Register 
(FESTR), which will be set when that condition occurs. Each frame error status flag can 
be independently enabled or disabled as a source of Frame Error interrupts, by setting or 
clearing the corresponding bit in the Frame Error Enable Register (FEENR). 

The Frame Error Interrupt Flag bit is cleared using a two-step process:

1. The six individual frame error status flags in the FESTR register must first be 
cleared. Details on clearing these flags can be found in Chapter 2, Section 2.6.

2. The FERIF bit can then be cleared by writing ‘1’ to the flag’s bit position in 
CANINTFLG[4].
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The portion of Table 7-4 relating to the SPI port interrupt is reproduced above. Details on 
the SPI port and its interrupt can be found in Appendix D.

The SPI port interrupt flag bit, SPFG, is cleared by writing ‘1’ to its position in SPICS[3].
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The portion of Table 7-4 relating to the Serial Port/UART 0 Rx and Tx interrupts is 
reproduced above. For details on the use of Serial Port/UART 0 and its interrupts, see 
16-bit 80C51XA Microcontrollers (eXtended Architecture) Data Handbook IC25.

The RI_0 and TI_0 interrupt flag bits are cleared by writing ‘0’ to their bit positions in 
the S0CON special function register.

8+: ���4�**���-�������������

The portion of Table 7-4 relating to the Rx Buffer Full interrupt is reproduced above. 

The Rx Buffer Full Interrupt Flag (RBFIF) in CANINTFLG[2] is set when any receive 
message object has an Rx Buffer Full condition. For complete details on the Rx Buffer 
Full condition, see Section 3.5.5 in Chapter 3.
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The Rx Buffer Full interrupt cannot be independently disabled for individual message 
objects. The RBFIF interrupt flag is cleared by writing ‘1’ to its position in 
CANINTFLG[2].

The Message Error Information Register is also involved in Rx Buffer Full (and Message 
Error) interrupt processing. Information on its use can be found in Chapter 3, Section 
3.8.3.3.

8+�& ������(�������������&�(����C�(����������&C��C�(���%

The portion of Table 7-4 relating to the INT0, INT1, Timer 0, Timer 1, and Timer 2 
interrupts is reproduced above. For details on the use of these interrupts, see 16-bit 
80C51XA Microcontrollers (eXtended Architecture) Data Handbook IC25.

The IE0, TF0, IE1, TF1, TF2, and EXF2 interrupt flags are cleared by writing ‘0’ to their 
bit positions in the TCON or T2CON special function registers.
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Appendix A

SFR and MMR Addresses A
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#����6�#(�������.�������>##�?

�

�+% #����6�#(�������.�������>##�?

Possible Operations: R/W = Read and Write RO = Read Only, RC = Read then Clear via service 
routine, W* = Writeable only while CAN Core is in Reset Mode,  x = Undefined after Reset.                                            

Notes: 

1. SLPEN (Sleep Enable), CANCMR[3], writeable only when the CAN Core is in Normal Mode.
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Appendix B

Pin Outs and Signal Descriptions B


�������

4+�����.�(�� ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ �8%

4+%��
���
��*�.��(�����+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ �83



172 ���������40�
���1����(�����.�(��	�����������

��.�(��

4+� ��.�(��


����1+

#��#1��
 ,R-
 ,

 �P
� ��#����	�-��
��1�

�,�7
�1� %8 �� �71 ��������,(������("�������.�����������������,������
��.�(���������(����������6�����(��������(����������������*�����
������������(������7�(�(�"��+�������������,������������6�
$����������������������(��������(��"����6���+

��.�(��
���� �	����.��
�1#����.�(����.C�������������
�����(���������.�(�������������+


�����  �% � 
��������/��
�������(�������/����������������
���
���+


����� %9 �) 1 
�����(������
�������(����(�������������*��������
���

���+

�� 7;���7G 

 %: �3 � ������(�������� ������� ������������������$�������
������(�����.�(�������6���������*�����������������+�����
�� ���������(������(������������(���������������������(���+�
;�����(������(��(�I&JC�������(�����.�(�������6���������
�������/��6+�;�����(������(��(�I�JC�������(�����.�(��
�����6�$����"����������������������+�������(�����.�(��
�����6���������("�/����(�������+�
;�����*�����������������(���C����������"�����������
������(��"���;���������+��*�;�������(����������.�������.�
(�6�������(��"���(�����C���(���6����$����"�����������������
;�����������(���+�������(�����/��(��������(��������.�
��������(��������.(����.�����;����*�������+�
��(�������

�(�����3����������(��(�C�(����
���������(��
�(�(�����������
���������!
���(�(������C�*������(���+

��.�(����.������6�G���(.��	����.��
�1#�
���.�(����.C�������������(�����������.�(����.������6�
/���(.�������+


��� % �% 1 
��.�(����������("�� �������(������"��*���������(��
���.�(�������6+�;��������

��(��������������(��
���.�(�������6C�
��� �������/�����$���������������("���
�����6���/����+�
��� �������6�(���/��$����������(�������
(��������(������*�����+


&+&�!�
&+8 �8�!��& )��!�� �71 
����&�
����&����(��9!"����71������$������������*�.���������+�

����&��(�������(/���J��$���������������(���(������*�.�����
�������R�(��!4����������(������������.������+���������(�����
�*�
����&������(������������������������������������������
���*�.��(�������������+��(������������������*�.�����
������������6+���*������
�(����� ����������(��(�C�(���
��������8+)��*������������������C�*������(���+

;��������������(��
��.�(�7	����"����������C�
����&�
"�������������������������$�	���7������������46���(���
��������������)������.����+



���������40�
���1����(�����.�(��	����������� 173

��.�(��

4


�+&�!�
�+8 )&�!�))�
L

��!��

%�!�: �71 
������
���������(��9!"����71������$������������*�.���������+�

�������(�������(/���J��$���������������(���(������*�.�����
�������R�(��!4����������(������������.������+�����
����(������*�
�����������(���������������������������������
������������*�.��(�������������+��(������������������*�.�����
������������6+���*������
�(����� ����������(��(�C�(���
��������8+)��*������������������C�*������(���+�


������(�������/�����/(�����������(��*��������C�(��������"���
"���$+


�+&7;�5 )& % 1 ;�5 �;��������������(��"���������*�.�����*���� !"���$����C�
���������"�������������.��"6���$���������"�+��*�����������(��
"��������������C�����������(��"�������*����
�1+�
;������0�����*�����/��������*�������!
��������1��
��������9!"���$����������(���(�("��+�


�+�7�� )� � 1 �����������"������*�����������(��"��+


�+%7�% )% ) 1 �%���������"���%��*�����������(��"��+


�+�7�� )� 3 1 �����������"������*�����������(��"��+


�+)7�
��� ))  � �
���������/�������(���������*��
��
���+


�+37�
��� � 8 1 �
������(�������������(����������*��
��
���+


�+ 7�%7�
�
,D % 9 �71 �%������7
�������%������7������+
�
�
,D��
��
���=�������+��������(���
�
,D������"��
���*�.����������������������.���I�J���(��������������������������
�����%����
�+ ��������*��������+���������������*(������(���
*���������+


�+87�%�� � : � �%��������7
�������%�����(�7
(�����7	���������
������+


%+&�!�
%+8 �9�!�%3 %)�!��� �71 
����%�
����%����(��9!"����71������$������������*�.���������+�

����%��(�������(/���J��$���������������(���(������*�.�����
�������R�(��!4����������(������������.������+�����
����(������*�
����%������(���������������������������������
������������*�.��(�������������+��(������������������*�.�����
������������6+���*������
�(����� ����������(��(�C�(���
��������8+)��*������������������C�*������(���+

;��������������(��"��������������� !"�������C�
����%�
"�������������������������.���(�(7������������"6���(���
(��������������%������.���:+�;������0�������������
������(��"���9!"���������������*�����/��������*�������!
�+


����1+

#��#1��
 ,R-
 ,

 �P
� ��#����	�-��
��1�



174 ���������40�
���1����(�����.�(��	�����������

��.�(��


�+&�!�
�+8 3
L

8�!�%

��
L

���!��:

�71 
������
���������(��9!"����71������$������������*�.��("�������+�

�������(�������(/���J��$���������������(���(������*�.�����
�������R�(��!4����������(������������.������+�����
����(������*�
�����������(���������������������������������
������������*�.��(�������������+��(������������������*�.�����
������������6+���*������
�(����� ����������(��(�C�(���
��������8+)��*������������������C�*������(���+


������(�������/�����/(�����������(��*���������(��������"���
"���$+


�+&7��	& 3 �� � ��	&������/�������(���������*������&+


�+�7��	& 8 �� 1 ��	&���(�������������(����������*������&+


�+%7���& 9 �) � ���& �������(������������&������+


�+�7���� : �3 � ���� �������(�������������������+

�+)7�& �& � �71 �&������7��������&������7������+


�+37��74��; �� �8 �71 �� ������7
��������������7������+

4��;�����4��;�*���������(������������.�����/�����������
���������#�-
��,A%B�(������>������(�?����������������
����(����>��������������?C�(��������������������*(����
������(���(�(�"���$�����>��.���I�J����� !"���?+�;������0���
����*�����/��������*�������!
�C����6�� �"���$����������(��
�(�("���������������������>������������(���(�("��?Q����
���������������������"����.��(�����������*������C����
#�-
��,A%B������"��$�������"6���*�$(������I�J�"�*��������
������(��"����������+���I&J����#�-
��,A%B�$�����(����
�(�*���������*�����������(��"���$��������������+


�+ 7;�, �% �9 1 ;�, �������(���(�(������6�$���������"��>��$�"6��?+


�+87�	 �� �: 1 �	 �������(���(�(������6���(������"�+

��� ) �& � ����� �������(��������������*���������!
������+

G		 �8C��9 %�C�)) � 
�$��������6���������������$��������6�/���(.��*�������(�C�
�����(�����$�����$������(����+

G�� � C��: �C�%% � �������&G���*������+

���,� �3 %� � 
�6��(�������������������/�����.�(����*����������������
������(������������(����������������������(������=�.����(����
��������+

���,% �) %& 1 
�6��(��%�1������*��������������(����(����*���+


����1+

#��#1��
 ,R-
 ,

 �P
� ��#����	�-��
��1�



���������40�
���1����(�����.�(��	����������� 175


���
��*�.��(�����

4

4+% 
���
��*�.��(�����

44-Pin PLCC Package

6 5 4 3 2 1 44 43 42 41 40

29

30

31

32

33

34

35

36

37

38

39

17

16

15

14

13

12

11

10

9

8

7

18 19 20 21 22 23 24 25 26 27 28

PLCC

VDD 

P2.0/A12D8
P2.1/A13D9
P2.2/A14D10
P2.3/A15D11
P2.4/A16D12
P2.5/A17D13
P2.6/A18D14
P2.7/A19D15
PSEN
ALE/PROG
CAN Tx
EA/VPP/WAIT
P0.7/A11D7
P0.6/A10D6
P0.5/A9D5
P0.4/A8D4
P0.3/A7D3
P0.2/A6D2
P0.1/A5D1
P0.0/A4D0
VDD

VSS 

P1.0/A0/WRH
P1.1/A1
P1.2/A2
P1.3/A3
P1.4/SPIRx
P1.5/SPITx
P1.6/T2/SPICLK
P1.7/T2EX
RST
P3.0/RxD0
CAN Rx
P3.1/TxD0
P3.2/INT0
P3.3/INT1
P3.4/T0
P3.5/T1/BUSW
P3.6/WRL
P3.7/RD
XTAL2
XTAL1
VSS

PIN

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

FUNCTION PIN

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

FUNCTION
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44-Pin LQFP Package

12 13 14 15 16 17 18 19 20 21 22

44 43 42 41 40 39 38 37 36 35 34

1
2
3
4
5
6
7
8
9

10
11

33
32
31
30
29
28
27
26
25
24
23

LQFP

P1.5/SPITx
P1.6/T2/SPICLK
P1.7/T2EX
RST
P3.0/RxD0
CAN Rx
P3.1/TxD0
P3.2/INT0
P3.3/INT1
P3.4/T0
P3.5/T1/BUSW
P3.6/WRL
P3.7/RD
XTAL2
XTAL1
VSS

VDD

P2.0/A12D8
P2.1/A13D9
P2.2/A14D10
P2.3/A15D11
P2.4/A16D12

PIN

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

FUNCTION

P2.5/A17D13
P2.6/A18D14
P2.7/A19D15
PSEN
ALE/PROG
CAN Tx
EA/VPP/WAIT
P0.7/A11D7
P0.6/A10D6
P0.5/A9D5
P0.4/A8D4
P0.3/A7D3
P0.2/A6D2
P0.1/A5D1
P0.0/A4D0
VDD

VSS

P1.0/A0/WRH
P1.1/A1
P1.2/A2
P1.3/A3
P1.4/SPIRx

PIN

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

FUNCTION
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Appendix C

Timing Analyses C
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The analyses in this appendix are provided as a courtesy to the XA-C3 system designer. 
They are intended to teach the designer how to calculate the various time periods and 
clock cycles necessary for the XA-C3 hardware to complete certain tasks. Using this 
information, a system may be designed which will run more rapidly than the worst-case, 
shortest possible time interval between CAN frames. 

The analyses are general enough so that the concepts they demonstrate can easily be 
applied to a wide range of systems. These analyses should provide the tools needed to 
design both software and hardware which satisfy the speed requirements of a specific 
application.
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Internal to the CAN Core is a 13-byte receive pre-buffer, in which an Rx frame is stored 
during CRC error-checking and Rx acceptance filtering. If the frame passes 
error-checking and acceptance filtering, it is stored by the message handler’s DMA 
engine in data memory.

Under certain conditions, in systems using external memory with long access times, it is 
possible that DMA will not complete the storage of one frame before the next frame 
arrives. In this case, the CAN Core will ignore the incoming frame, and data will be lost. 
Recall from Chapter 2 that this condition, called Pre-Buffer Overflow, will set the PBO 
status flag in FESTR[5], generating a Frame Error interrupt if enabled. 

The purpose of this analysis is to quantify the effects of various timing parameters on 
system performance, so that a system may be designed in which the Pre-Buffer Overflow 
condition is precluded.


+%+% �����������*������(�(�6���

We begin the analysis by computing tPBO, which represents the worst-case, shortest 
possible time interval between the successful reception of frame n, and the occurrence of 
a Pre-Buffer Overflow condition due to frame n�� . This will be the time period during 
which DMA storage of frame n must complete.

Next, we will delineate the XA-C3 states which occur between the successful reception 
of frame n by the CAN Core, and the completion of frame n storage by DMA. We will 
then quantify these states in terms of system clock (CClk) cycles for two hypothetical 
‘worst case’ systems with long external memory access times.

Finally, we will calculate tDMA for each of these systems running both at fosc = 16 Mhz 
and fosc = 30 Mhz, where tDMA represents the time, in microseconds, between the 
successful reception of frame n, and the completion of frame n storage in memory. For 
any system in which tDMA is greater than or equal to tPBO, Pre-Buffer Overflow is not 
precluded, and may occur under some conditions.


+%+� ������������*��������(�(�6���

We make several assumptions for this analysis which are consistent with a worst-case 
scenario. Most importantly, we assume that the XA-C3 system under consideration uses 
the external bus for both code and data memory, so the CPU and the DMA engine are 
always competing for access to the external bus. If either code fetch or message storage is 
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internal, and there is no competition for the external bus, then the likelihood of 
Pre-Buffer Overflow becomes insignificant, and will not be considered. It should be 
noted, however, that in any XA-C3 system employing the external WAIT input, 
Pre-Buffer Overflow will eventually occur if WAIT is held high for an unreasonably long 
period of time.

We also assume that CAN frames arrive as rapidly as possible, that each frame carries the 
maximum number (8) of data bytes which must be stored by DMA, and that there is the 
maximum amount of competition for the external bus between code fetch, Rx DMA 
message storage, and Tx DMA message retrieval.

Specifically, the following are assumed:

• The CAN network is using Standard Format frames.

• The CAN bit rate is 1 Mbps.

• Zero time is spent for Bus Idle.

• The XA-C3 system fetches code from external program memory, and stores CAN 
messages in external data memory.

• Every CPU access to the external bus is an 8-word, burst code fetch. Shorter duration 
burst code fetches and CPU data accesses are not considered.

• There is at least one enabled Tx object, so Tx DMA also competes for the external bus.
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The earliest time at which a CAN frame may be deemed valid is at the end of the ACK 
DEL slot, at which time XA-C3 acceptance filtering and pre-arbitration begin1. Also, due 
to specifics of the XA-C3 hardware, the first item that can be overwritten in the receive 
pre-buffer, by a new frame, is Data Byte 1. In other words, the current data in the Rx 
pre-buffer (that of frame n) will be safe until all 8 bits of Data Byte 1 from the next frame 
(frame n��
� have been received by the CAN Core. This is the point at which a Pre-Buffer 
Overflow condition would occur.

1 DMA will not begin to store a frame in memory until the 7-bit End Of Frame has completed. If an error 
occurs during EOF, then the frame will be discarded.

ACK
DEL 

frame n frame n + 1

4-bit DLC Data Byte 1SOF RTR IDE11 bit IdentifierEnd Of Frame
7 bits

START HERE

Intermission
3 bitsACK

END HERE

r0 Data Byte 2 etc.
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Therefore, we compute tPBO by counting the number of CAN bit slots between the end of 
ACK DEL for frame n and the end of Data Byte 1 for frame n�� , as shown below and in 
Figure C-1.

Assuming zero time is spent for Bus Idle, we have:

• End Of Frame 7 bits
• Intermission 3 bits
• SOF 1 bit
• CAN ID, RTR 12 bits

• IDE, r0, DLC 6 bits
• Data Byte 1 8 bits

The total is 37 bits, which, at 1 Mbps, corresponds to a time of tPBO �� 37�� sec. 
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Next, we will write down the XA-C3 states, in the order they occur, for Rx DMA storage 
of frame n to complete. Before doing so we note the following:

1. Rx DMA requires that 10 bytes be written to memory in order to store an 8-data-byte 
CAN frame, as follows:

– (1) write the FrameInfo byte into buffer location 0

– (2-9) write the 8 data bytes into buffer locations 1 - 8

– (10) update the semaphore bits in location 0

2. A recessive ACK DEL bit initiates the Tx pre-arbitration and Rx acceptance filtering 
processes, so our starting point is the end of the ACK DEL slot, as before. 

3. Since there is at least one Tx message pending, Tx DMA will fill the CAN Core’s 
4-byte transmit buffer before Rx DMA begins.

4. CPU and DMA bus access is granted by the MIF on an alternating basis. To be 
consistent with a worst case scenario, we assume that the first bus access after the 
ACK DEL slot is given to the CPU, which will further delay the beginning of Rx 
DMA.

We can now write down the states required to complete Rx frame storage. This is an 
actual sequence of events:
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• Tx pre-arbitration and Rx acceptance filtering
• Burst code fetch (8 words)
• Tx DMA (Data Bytes 1, 2)
• Burst code fetch (8 words)
• Tx DMA (Data Bytes 3, 4)
• Burst code fetch (8 words)
• Rx DMA (FrameInfo byte)
• Burst code fetch (8 words)
• Rx DMA (Data Bytes 1, 2)
• Burst code fetch (8 words)
• Rx DMA (Data Bytes 3, 4)
• Burst code fetch (8 words)
• Rx DMA (Data Bytes 5, 6)
• Burst code fetch (8 words)
• Rx DMA (Data Bytes 7, 8)
• Burst code fetch (8 words)
• Rx DMA (update semaphore bits)

We can group these states as follows: 

• 1 TxPA/RxAF processing time

• 8 burst code fetches

• 2 Tx DMA data reads

• 6 Rx DMA data writes.


+%+ 
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Now we can count the number of clocks cycles required for the above process, for two 
hypothetical systems with slow external bus timing requirements, and calculate tDMA for 
each system at two different oscillator frequencies. We then use this result to calculate 
margin, which we define as (100%)�(tPBO - tDMA) ��(tPBO).


+%+ +� �6������0���(���("���;����!
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• 1 Mbps CAN bit rate

• 16-bit data bus

• 2 clock ALE (actual ALE pulse width = 1∫ CClks)

• 3 clock code fetch (without an ALE)

• 3 clock data write (not including the ALE time) + 1 clock data hold time

• 3 clock data read

1 TxPA/RxAF = 70 clocks (fixed)
8 burst code fetches = 8�� (bytes)�[2(ALE) + 8�3(code) + 1(between cycles)] = 216 clocks
2 Tx DMA data reads = 2�[2(ALE) + 3(data) + 1(between cycles)] = 12 clocks
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6 Rx DMA data writes = 6�[2(ALE) + 4(data) + 1(between cycles)] = 42 clocks

Total number of clocks = 340.

Calculate tDMA for a 16 MHz system:

If fosc �� 16 Mhz, then 340 clocks �  21.25 � sec �  tDMA. 

Between CAN frames there would be (tPBO - tDMA) �  (37 - 21.25) �  15.75 � sec, which 
corresponds to a margin of 43%.

Calculate tDMA for a 30 MHz system:

If fosc �  30 Mhz, then 340 clocks �  11.33 � sec �� tDMA. 

Between CAN frames there would be (tPBO - tDMA) �� (37 - 11.33) �  25.67 � sec, which 
corresponds to a margin of 69%.
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• 1 Mbps CAN bit rate

• 8-bit data bus (Note: The first version of the XA-C3 is faster than this worst case 
analysis because it supports a 16-bit external data bus, and not 8-bit.)

• Code fetch requires 4 clocks (not including ALE)

• Data write requires 3 clocks (not including ALE)

• Data read requires 3 clocks (not including ALE)

1 TxPA/RxAF = 70 clocks (fixed)
8 burst code fetches = 16[2(ALE) + 8�4(code) + 1(between cycles)] = 560 clocks
2 Tx DMA data reads = 2[2(ALE) + 2�3(data read) + 1(between cycles)] = 18 clocks
6 Rx DMA data writes = 6[2(ALE) + 2�3(data write) + 1(between cycles)] = 54 clocks

Total number of clocks = 702.

Calculate tDMA for a 16 MHz system:

If fosc �  16 Mhz, then 702 clocks �  43.88 � sec �� tDMA, which is greater than tPBO.

In this case, the system would not be immune to Pre-Buffer Overflow conditions.

Calculate tDMA for a 30 MHz system:

If fosc �  30 Mhz, then 702 clocks �  23.40 � sec �� tDMA. 

Between CAN frames there would be (tPBO - tDMA) �  (37 - 23.40) �  13.6 � sec, which 
corresponds to a margin of 37%.
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A received frame which passes error-checking and acceptance filtering will be stored in 
data memory by the DMA engine, and the MCIF interrupt flag bit will be set when 
storage is complete. When the next frame intended for that object is stored, any data 
remaining in the object’s message buffer will be overwritten. Therefore, message 
complete interrupt servicing for a frame needs to take place before the next frame is 
written to the message buffer by DMA, in order for data not to be lost.

In this analysis we show how to compute the available time, under reasonable worst case 
conditions, for a message complete interrupt service routine (ISR) to complete the 
processing of a received frame, by flushing the receive message buffer.


+�+% �����������*������(�(�6���

We will first compute the (worst case) total time available between the reception of a 
valid CAN frame (frame n) and the beginning of the Rx DMA storage cycle for the 
subsequent frame (frame n� 1). We call this total time tTOT.

In order to arrive at the available time to process the message complete interrupt for 
frame n, we need to subtract two quantities from tTOT. First, we must subtract the time 
from valid reception of frame n to the setting of the MCIF interrupt flag for frame n, 
which we will call tDMA. Second, we must subtract the inherent interrupt latency of the 
XA, which is the worst case time between the interrupt flag and execution of the first 
instruction of the ISR. We will call this time tLAT.

The MCIF interrupt flag is set when DMA frame storage in data memory is complete, so 
the tDMA computation for systems using external code and message buffers is identical to 
that done in Section C.2 "CAN Core Pre-Buffer Timing Analysis". In this analysis, 
however, we also consider systems which use internal memory.

The time available for the ISR to process the data of frame n, before it is overwritten with 
the data of frame n� 1, we will call tAVAIL, where tAVAIL = tTOT - tDMA - tLAT.


+�+� �����������

We make the following assumptions for this analysis, which are consistent with a 
worst-case scenario:

• The messages being received are either single-frame CAN messages, or a user-defined 
fragmented messaging scheme running under the CAN/generic system protocol. For 
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DeviceNet, CANopen, or OSEK fragmented messages, we can add 2 bytes worth of 
CAN bit time (16 bits at 1 Mbps = 16 � sec) to tTOT and hence to tAVAIL.

• The CAN network is using Standard Format frames (the second frame arrives as 
rapidly as possible).

• The CAN bit rate is 1 Mbps.

• Zero time is spent for Bus Idle.

• The second frame (frame n� 1) arrives as rapidly as possible, so it must be as short as 
possible, and therefore has zero data bytes.

• There is at least one enabled Tx object, so Tx DMA also competes for bus access.

• On average, an XA instruction takes 4 clocks to execute.
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As shown in Figure C-2 , we begin at the end of the ACK DEL slot for frame n, which 
triggers the XA-C3 to commence acceptance filtering and pre-arbitration. We will count 
the number of CAN bit slots until the end of EOF for frame n� 1, which is when receive 
DMA for frame n� 1 begins. Assuming that zero time is spent in Bus Idle, and frame n� 1 
carries no data bytes we have …

• EOF (frame n) 7 bits
• Intermission 3 bits
• SOF (frame n� 1) 1 bit
• CAN ID, RTR 12 bits
• IDE, r0, DLC 6 bits
• Data Field 0 bits
• CRC, CRC DEL 16 bits
• ACK, ACK DEL 2 bits
• EOF 7 bits

The total is 54 CAN bits, which corresponds to 54 � sec at a CAN bit rate of 1 Mbps. 

ACK
DEL 

CRC
DEL 

ACK
DEL 

End Of Frame
7 bits

frame n frame n + 1

4-bit DLC11-bit Identifier RTR IDEEnd Of Frame
7 bits

START HERE

Intermission
3 bitsACK SOF

END HERE

r0 0 bytes data 15-bit CRC etc.ACK
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Next, we compute the elapsed time from the end of ACK DEL for frame n, to the setting 
of the MCIF interrupt flag bit, at the completion of Rx DMA storage of frame n. We will 
do the computation for 3 different hypothetical systems: System A which has external 
code memory and message buffers in external data memory, System B which has internal 
code memory and external message buffers, and System C which only uses internal 
memory.

System A: External code and message buffers 

For details, please see Section C.2 "CAN Core Pre-Buffer Timing Analysis".

• 1 Mbps CAN bit rate

• 16-bit data bus

• 2 clock ALE (actual ALE pulse width = 1∫ CClks)

• 3 clock code fetch

• 3 clock data write + 1 clock data hold time

• 3 clock data read

• Every CPU access to the external bus is an 8-word, burst-mode, code fetch. The 
shorter duration non-burst code fetches and CPU data accesses are not considered.

• The first bus access after the ACK DEL slot is given to the CPU.

1 TxPA/RxAF = 70 clocks (fixed)
8 burst code fetches = 8�(2(ALE) + 8�3(code fetch) + 1(between cycles)) = 216 clocks
2 Tx DMA reads = 2��� (ALE) + 3(data read) + 1(between cycles)) = 12 clocks
6 Rx DMA writes = 6��� (ALE) + (3(data write) + 1(hold)) + 1(between)) = 42 clocks
Total = 340 clocks 

Therefore, tDMA = 21.25� sec @ 16 MHz, or 11.33� sec @ 30 MHz.

System B: Internal code, external message buffers

In this case, there is no competition from code fetch, for the external bus. Therefore, 
the TxPA/RxAF and Tx DMA processes will be completed before the end of EOF, so 
they do not add any delay to the setting of the MCIF flag bit. Since the delay is due to 
Rx DMA only, we have …

6 Rx DMA writes = 6��� (ALE) + (3(data write) + 1(hold)) + 1(between)) = 42 clocks

Therefore, tDMA = 2.63 � sec @ 16 MHz, or 1.4 � sec @ 30 MHz.
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System C: Internal code and message buffers

As in the previous case, both TxPA/RxAF and Tx DMA are completed before the end 
of EOF, so we only need to compute the delay due to Rx DMA. Assuming a 1 clock 
(1/2 CClk) ALE and a 2 clock write strobe with a 1 clock data hold yields …

6 Rx DMA writes = 6��� (ALE) + (2(data write) + 1(hold)) + 1(between)) = 30 clocks

Therefore, tDMA = 1.88 � sec @ 16 MHz, or 1.0 � sec @ 30 MHz.
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Finally, we must take into account the interrupt latency inherent to the XA. The interrupt 
mechanism saves the PC (1 or 2 words, depending on the Page0 mode flag PZ) and the 
PSW (1 word) on the stack. Saving all 3 words takes 23 clocks, and prefetching the 
service routine takes an additional 3 clocks.

The current instruction in progress always executes to completion, prior to servicing the 
interrupt. The longest instruction is the 32 �  16 divide instruction, which takes 24 clocks.

Therefore, worst case XA interrupt latency = 23 + 3 + 24 = 50 clocks, which yields … 

tLAT = 3.125 � sec @ 16 MHz, or 1.67 � sec @ 30 MHz.
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We can now compute the total time available for the message complete ISR to process 
frame n, before it is overwritten in data memory by frame n+1. We will calculate tAVAIL 
for each of the three typical systems, running at both 16 and 30 MHz. We assume that, on 
average, an XA instruction requires 4 clocks to execute.

For 16 MHz systems

• System A: tAVAIL �  (54 - 21.25 - 3.125) = 29.625 � sec �  118 instructions.

• System B: tAVAIL �  (54 - 2.63 - 3.125) = 48.245 � sec �  192 instructions.

• System C: tAVAIL �  (54 - 1.88 - 3.125) = 48.995 � sec �  195 instructions.

For 30 MHz systems 

• System A: tAVAIL �  (54 - 11.33 - 1.67) = 41.0 � sec �  308 instructions.

• System B: tAVAIL �  (54 - 1.4 - 1.67) = 50.93 � sec �  382 instructions.

• System C: tAVAIL �  (54 - 1.0 - 1.67) = 51.33 � sec �  385 instructions.
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In systems using external memory for both code and message buffers, CPU code fetch, 
Tx DMA, and Rx DMA all compete for the external bus. The purpose of this analysis is 
to determine the worst-case loading on the external bus which can be caused by Rx 
DMA.

This analysis is only applicable if both program code and message buffers are in external 
memory. If code is executing from internal memory, then DMA access to the external bus 
has a minimal effect on performance. 
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Rx DMA of a CAN frame will occur every time a frame passes error-checking and 
acceptance filtering. If we assume that each frame is intended for an XA-C3 message 
object, then we can calculate the worst-case time between frames, which we will call 
tframe.

Then, we will calculate the total time spent in the receive DMA process for each frame, 
which we will call tDMA.

Finally, we will calculate the Rx DMA loading of the external bus as a percentage of the 
available time between frames.
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In the analysis, we assume that no Tx DMA is happening, and that arriving CAN frames 
are consistent with a worst-case scenario from the XA-C3’s perspective. That is, frames 
arrive as rapidly as possible, and each frame carries the maximum number of data bytes 
(8) which must be stored by Rx DMA.

Specifically, the following are assumed:

• The CAN network is using Standard Format frames.

• The CAN bit rate is 1 Mbps.

• Each frame carries 8 data bytes.

• Zero time is spent for Bus Idle.

• The XA-C3 system fetches code from external program memory, and stores CAN 
messages in external data memory.

• There are no enabled Tx objects.
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Rx DMA will begin at the end of EOF for each incoming frame, so we will compute 
tframe by counting the CAN bit slots from the end of EOF for frame n to the end of EOF 
for frame n� 1, as shown below and in figure Figure C-3. 

• Intermission 3 bits
• SOF 1 bit
• CAN ID, RTR 12 bits
• IDE, r0, DLC 6 bits
• Data Field 64 bits
• CRC, CRC DEL 16 bits
• ACK, ACK DEL 2 bits
• EOF 7 bits

Total = 111 CAN bit periods, which yields

tframe = 111 � sec at a CAN bit rate of 1 Mbps.
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10 byte-wide writes are required for DMA to transfer an 8-data-byte CAN frame to 
memory:

• (1) The FrameInfo byte is written into buffer location 0.

• (2 - 9) The data bytes are written into buffer locations 1 - 8.

• (10) The semaphore bits in location 0 are updated.

On a 16-bit bus, these writes are accomplished with 6 DMA bus cycles, as follows:

• (1) Write the FrameInfo byte.

• (2) Write Data Bytes 1, 2.

• (3) Write Data Bytes 3, 4.

• (4) Write Data Bytes 5, 6.

• (5) Write Data Bytes 7, 8.

• (6) Update the semaphore bits.

We assume the following conservative parameters for each write cycle:

ACK
DEL 

frame n frame n + 1

DLC Data Bytes 1-8SOF RTR IDECAN IDEnd Of Frame
7 bits

START HERE

Intermission
3 bitsACK

END HERE

r0 CRC End Of Frame
7 bitsACK etc.CRC

DEL
ACK
DEL



190 ���������
0������.���(�6���

	#��,�(���.��������������(��4��

• 2 clock ALE (ALE pulse width = 1∫ CClks)

• 2 clock data write strobe

• 1 clock data hold time

• 1 clock between bus cycles

Thus, 6 clocks are required per write cycle, so the total time required for Rx DMA is 36 
clocks per CAN frame. 36 clocks yields the following for tDMA …

tDMA = 2.25 � sec @ 16 MHz, or 1.2 � sec @ 30 MHz. 
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Now, we can compute the external bus loading due to Rx DMA, as a percentage of the 
total time available between CAN frames, as follows:

For 16 Mhz systems:

Rx DMA loading = (tDMA �  tframe) �� (100%) = (2.25 �� 111) �� (100%) = 2.02%

For 30 MHz systems:

Rx DMA loading = (tDMA �  tframe) �� (100%) = (1.2 �� 111) �� (100%) = 1.08%
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The SPI Port D
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SPI
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Machine
SPFG

ESPI

SPI Shift
Register

To Event
Interrupts
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The SPI port is a three-wire, full duplex, serial communication bus, which provides 
simultaneous bidirectional synchronous data transfers between the XA and one or more 
SPI slave devices. Standard XA I/O port pins are used as SPI enable outputs (CS) to slave 
devices, and so the number of supportable slaves is limited only by the number of 
available I/O port pins.

The SPI port provides selectable clock polarities, selectable SPITx idle states, and a 
selectable bit rate. Data frames can be from one to eight bits in length, and the SPI port 
will generate an interrupt, if enabled, upon completion of an SPI bus cycle.

The SPI port always drives the MSb of output data onto the SPITx pin on the first clock 
transition of an SPI bus cycle (rising or falling edge, depending on the clock polarity 
selected), and always samples the MSb of input data from the SPIRx pin on the second 
clock edge. This order, sometimes known as “SPI Clock Format 1,” is true for both clock 
polarities. “SPI Clock Format 0,” in which SPIRx is sampled on the first clock edge, is 
not available in the XA SPI Port. Any SPI slaves in an XA system must drive output data 
on the first, and subsequent odd-numbered clocks, and sample input data on the second, 
and subsequent even numbered clocks. Please see Figure D-1.

The SPI port (as shown on page 191) consists of a state machine, a clock generator, and 
an 8-bit (left-shifting) shift register. The CPU has access to the SPI port via three memory 
mapped registers, as shown below. 
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The actions of the state machine (and thus SPI bus cycles) are controlled by bits in the 
SPICS register. The state machine is started by writing ‘1’ to the SPSTT bit in SPICS[7]. 
While the state machine is running, SPSTT will remain set, and will be cleared to zero by 
hardware when the state machine stops. 

The number of bits to be shifted in an SPI bus cycle is selected using the three-bit field in 
SPICS[6:4]. The number of bits is given by the binary value stored in this field, plus one. 
The SPI shift register shifts left, most significant bit first. Therefore, if fewer than eight 
bits are selected, Tx data written to the SPIDATA register must be left justified, and Rx 
data read from the SPIDATA register will be right justified.

The state of the SPITx pin, before and after the SPI bus cycle, is selected using the 
SPIDL bit in SPICS[0]. Notice that the SPITx idle state is not necessarily the same as the 
SPICLK idle state, which is selected with the SPCP bit in SPICFG[7].

Warning: No writes to any SPI registers should be made while the state machine is 
running. The SPSTT bit can be polled, if desired. At the completion of the SPI bus 
cycle, on the falling edge of SPSTT, the SPFG bit will be set, generating an event 
interrupt, if enabled.
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The frequency of SPICLK determines the rate at which data bits are shifted into and out 
of the SPI port, and is selected using the 4-bit field in SPICFG[3:0]. Writing a value of 
zero (0000b) is not permitted in this field, thus the fastest bit rate allowed is CClk/8.

The frequencies of SPICLK and CClk (the XA Core’s system clock) have the following 
relationship:

	+�+% �����*6��.��������(���6��*��
�
,D

The polarity of SPICLK is selected using the SPCP bit in SPICFG[7]. SPCP = 1 selects 
“normal” SPICLK, and SPCP = 0 selects “inverted” SPICLK.

Please note that the XA SPI port always drives output data on the 1st, 3rd, etc. SPICLK 
edge, and always samples input data on the 2nd, 4th, etc. SPICLK edge, regardless of the 
polarity chosen. The XA SPI port does not support “SPI Clock Format 0” in which the 
first input datum is sampled on the first SPICLK transition.

Normal and inverted SPICLK polarities are described below.
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When SPCP = 1, the idle state of SPICLK is logic ‘0’. Transmit data bits are driven onto 
SPITx on rising edges of SPICLK, and receive data bits are sampled from SPIRx on 
falling edges of SPICLK.
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When SPCP = 0, the idle state of SPICLK is logic ‘1’. Transmit data bits are driven onto 
SPITx on falling edges of SPICLK, and receive data bits are sampled from SPIRx on 
rising edges of SPICLK.

	+�+� 	������������*�(���
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A typical 8-bit SPI bus cycle is shown in Figure D-1, and described below. The numbers 
in the list refer to the numbered pointers in the figure.

SPICLK (Hz.)
CClk

4 SPICFG 3:0� � 1+� 

----------------------------------------------------   (Hz.)=
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Before the sequence begins, SPICLK is in the idle state determined by the value of the 
SPCP bit, and SPITx is in the idle state determined by the value of the SPIDL bit. The 
state of SPIRx is a don’t care. An eight-bit bus cycle has been previously selected by 
writing 111 to the three-bit field SPICS[6:4].

1. CS is asserted to the slave device by writing ‘0’ to the appropriate I/O port pin. Many 
SPI slave devices will respond by driving data-bit 7 onto the wire we are calling 
SPIRx, although to the XA, the state of SPIRx is still a don’t care.

2. The bus cycle is started by writing ‘1’ to the SPSTT bit, and data-bit 7 (from 
SPIDATA[7]) is immediately driven onto the SPITx pin.

3. After 8 CClk cycles, the first transmit edge of SPICLK occurs (the rising edge if 
SPCP = 1, the falling edge if SPCP = 0). If the slave is not already driving data-bit 7 
onto the wire that we call SPIRx, it must do so in response to this first transmit edge.

4. The next transition of SPICLK is the first receive edge, and data-bit 7 is sampled 
from the SPIRx pin. The receive edge is the falling edge if SPCP = 1, and the rising 
edge if SPCP = 0.

5. This sequence continues, with SPITx being updated on every transmit edge, and a 
new bit being shifted in on every receive edge, until all 8 bits have been transferred 
in each direction. All slave devices should transmit on the transmit edge, and receive 
on the receive edge. 

6. After the least significant data-bit has been sampled from SPIRx into the SPIDATA 
shift register, the SPI port hardware clears the SPSTT bit to ‘0’, and sets the SPFG 
flag bit to ‘1’. SPITx reverts to the state of the SPIDL bit, and the state of SPIRx is 
again a don’t care.

7. CS is removed from the slave device by writing ‘1’ to the appropriate I/O port pin.

Warning about A/C timing: The slave device must not try to sample on the transmit 
edge, because hold time is only guaranteed in relation to the receive edge. SPITx may 
switch several nanoseconds BEFORE the SPICLK transmit edge.
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7 6 5 4 3 2 1 0 SPIDLSPIDL

SPICLK

XA I/O port pin
(enable to slave)

SPITx

SPIRx

NOTE: For SPCP = 1, SPITx is updated on the rising edge of SPICLK, and SPIRx is sampled on the falling edge.

SPCP = 1 (normal polarity SPICLK)

SPCP = 0 (inverted polarity SPICLK)

NOTE: For SPCP = 0, SPITx is updated on the falling edge of SPICLK, and SPIRx is sampled on the rising edge.

7 6 5 4 3 2 1 0 XX

1 2 4 53 6 7

7 6 5 4 3 2 1 0 SPIDLSPIDL

1

SPICLK

 XA I/O port pin
(enable to slave)

SPITx

SPIRx 7 6 5 4 3 2 1 0 XX

2 4 53 6 7
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The SPI port has one interrupt, the SPFG bit in SPICS[3], which gets set by hardware on 
the falling edge of SPSTT, at the completion of a bus cycle. This interrupt appears to the 
XA system as a maskable event interrupt, which must be enabled by setting the ESPI bit 
in the interrupt enable SFRs. For the exact location of the ESPI bit in a particular 
derivative, please see the appropriate data sheet or user manual.

The SPFG interrupt flag is cleared by writing ‘1’ to the flag’s bit position. Writing ‘0’ has 
no effect.
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SPCP (SPICLK Polarity)

SPC3 - SPC0
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This is both the transmit and receive data register for the SPI port. During an SPI bus 
cycle, the data in this register will be left shifted, most significant bit first, onto SPITx. 
Simultaneously, data bits from SPIRx are left shifted into the SPIDATA register, and are 
available to be read by the processor when the cycle is complete. If a data-byte length of 
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SPICLK (Hz.)
CClk

4 SPCFG3:0� � 1+� 

--------------------------------------------------   (Hz.)=
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less than eight bits is selected, then write data must be stored left justified in SPIDATA, 
and read data will arrive right justified.

For example:

• The SPIDATA register is written with 05h

• A 4-bit SPI bus cycle is performed, and the value 1000b is received (MSb first) on 
SPIRx

• The resultant value in SPIDATA will be 58h
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SPSTT (SPI Start)

SPB2 - SPB0 (number of data bits)

SPFG (SPI interrupt flag)

SPIDL (SPITx Idle state)
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Relevant addresses for the XA-C3 SPI port’s MMRs are given in the table below:
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ESPI, the enable bit for the SPI port interrupt, is in SFR IEH[3]. The byte address of 
ESPI is 427[3] and the bit address is 33B. The SPI port interrupt is summarized in the 
table below: 
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The SPI clock output (SPICLK) must idle in the logic ‘1’ state in order to enable the 
AND driver for the Timer 2 and P1.6 output functions. The default state from reset is 
inverted SPICLK, which provides the necessary logic ‘1’ idle. If the SPI port is used with 
a non-inverted clock, and subsequently either the Timer 2 or the P1.6 output functions are 
desired, then the inverted SPICLK must first be reselected. The associated logic is shown 
in Figure D-2.

The SPITx output function shares a pin with P1.5, and the SPIRx input function shares a 
pin with P1.4. Therefore, these ports must be configured appropriately in order to use the 
associated SPI functions or I/O port functions. Logic for P1.5/SPITx is shown in Figure 
D-3, and logic for P1.4/SPIRx is shown in Figure D-4.
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P1.6/T2/SPICLK

To P1[6] DataIn

P1[6] Output Latch

P1CFGB[6]
P1CFGA[6]

Timer/Counter2_In

Border of
XA-C3 Chip

I/O Port Pin Logic
SPI 

Timer/Counter 2

External Clock In

Programmable Clock Out

SPICLK

SPITx

P1CFGB[5]
P1CFGA[5]

P1[5] Output LatchP1.5/SPITx

Border of
XA-C3 Chip

I/O Port Pin Logic SPI

To P1[5] DataIn
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P1.4/SPIRx

To P1[4] DataIn

P1[4] Output Latch

P1CFGB[4]
P1CFGA[4]

Border of
XA-C3 Chip

I/O Port Pin Logic SPI

SPIRx
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Appendix E

Examples E
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In this appendix, we present XA-C3 configuration examples, including several message 
object configuration examples. The first example in Section E.2, “Configure Message 
Object 0,” begins by demonstrating the configuration of the on-chip XRAM, as the 
XRAM will be used to contain the message buffers for all objects in all examples. Also in 
that example, we demonstrate in detail how the contents of the match ID and mask fields 
are determined. Therefore, readers are encouraged to start by reviewing the three message 
object configuration examples in Section E.2 before proceeding to later sections. 

�+�+� 1�.(��<(������*��������������

The examples in Section E.2 demonstrate the configuration of 3 message objects which 
use the Standard Frame format: An Rx object with no bit masking, an Rx object with bit 
masking, and a Tx object.

The examples in Section E.3 show the configuration of 3 objects for Extended Format 
frames: A Tx object, and two Rx objects (one with bit masking).

The examples in Section E.4 show the setup of two objects, one Tx and one Rx, for 
handling RTR frames.

The example in Section E.5 demonstrates the configuration of the CAN Core’s bus timing 
parameters.
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Configure Message Object 0 as follows:

• A receive object which responds only to the 11-bit CAN ID 000 0000 1000

• Receive single-frame CAN messages and interrupt the CPU after each frame

• Let the on-chip XRAM have base address 008000h

• Let the object’s message buffer reside in the on-chip XRAM, with message buffer base 
address 008000h

We begin by mapping the XRAM to 008000h, for use by all message buffers. Recall that 
all 32 message buffers and the XRAM must be mapped to the same 64K byte segment of 
data memory space, since they all share the same segment register, MBXSR. We map 
them all to segment 00h by writing

• MBXSR = 00h.

Recall from Chapter 5 that the base address for the XRAM is always on a 512-byte 
boundary, and is formed by the following concatenation:

MBXSR[7:0] XRAMBASE[7:1][0] [00h].

The least significant bit in the XRAMBASE register enables the XRAM, so we enable 
the XRAM and map its base to address 008000h by writing

• XRAMBASE = 81h.

Recall that the XA-C3 constructs the screener for incoming Standard Format frames as 
shown below.

Since we only want a comparison of the incoming 11-bit CAN ID to ID28 - ID18 of the 
message object, we must mask the bit positions corresponding to D1.7 - D2.0 from the 
CAN data field, in addition to the two unused bit positions to the left of the IDE bit. We 
do this by writing

• M0MSKH = 0000 0000 0001 1111

• M0MSKL = 1111 1111 1111 1000

which yields the following correspondence between bits in the screener and bits in the 
mask registers (bits which are don’t cares are shown in gray boxes).

��" �--��������� ��"
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Even though we have written M0MSKL[2:0] = 000, they are technically don’t cares. 
Recall from Chapter 3 that the IDE bit position in the mask field (MnMSKL[2]) has no 
function, and that the two bits MnMSKL[1:0] have no corresponding bits in the screener, 
and are never included in acceptance filtering. 

Next, we configure the match ID field so that Object 0 responds to the desired 11-bit 
CAN ID. We only need to explicitly program ID28 - ID18 = 000 0000 1000 and MIDE = 
0 (for Standard Format frames), since all the other bit positions have been masked, but 
we choose to write zeros to all other bits as well. Therefore, we write

• M0MIDH = 0000 0001 0000 0000

• M0MIDL = 0000 0000 0000 0000.

The correspondence between the screener, mask, and match ID for acceptance filtering is 
depicted graphically in Figure E-1. Bits which are don’t cares (including bits that we have 
configured to ‘0’), are inside gray boxes.

-�.�����!� 1"2����&��(�����	�(����(�=����*�.��(�����

We can now map the message buffer base address, for Object 0, to 008000h by writing

• M0BLR = 8000h.

We must make the message buffer big enough to contain as many as 8 bytes from the 
CAN data field, plus one for the XA-C3 FrameInfo byte. Therefore, the minimum size we 
can use is 16 bytes. We do this by writing

• M0BSZ = 03h.
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By writing to the GCTL register as follows,

• GCTL = 00h

we have chosen the following parameters for the XA-C3 system as a whole:

• CANopen Auto-Acknowledge disabled

• Pre-Arbitration based on CAN ID, with object number as tie-breaker

• System Protocol is CAN.

Finally, by writing to the Object 0 control register as follows,

• M0CTL = 00011100b

we have configured the following:

• Object 0 is a receive object

• Fragmented message assembly is disabled for Object 0

• The message complete interrupt is enabled for Object 0

• Object 0 is not enabled for receiving RTR frames

• Object 0 is enabled to receive.
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Configure Message Object 1 as follows:

• A receive object which responds to any of the following 11-bit CAN IDs

– 000 0001 0000
– 000 0001 0001
– 000 0001 0010
– 000 0001 0011

• Receive single-frame CAN messages and interrupt the CPU after each frame

• Let the object’s message buffer reside in the on-chip XRAM (whose base address is 
008000h, see “Configure Message Object 0”)

• Let the object’s message buffer base address be 008010h, and buffer size be 16 bytes

As in “Configure Message Object 0” we only want a comparison of the incoming 11-bit 
CAN ID (but not bits from the CAN data field) with the match ID of the object. However, 
we want any incoming values in ID19 - ID18 to yield a match during acceptance filtering. 
We will make ID19 and ID18 don’t cares by writing ‘1’ to their bit positions in the 
M1MSKH register. Therefore we can write

• M1MSKH = 0000 0000 0111 1111

• M1MSKL = 1111 1111 1111 1000

• M1MIDH = 0000 0010 0000 0000

• M1MIDL = 0000 0000 0000 0000
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which yields the correspondence between screener, mask, and match ID shown in Figure 
E-2.
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Since the data memory segment for the XRAM and the message buffers has already been 
selected (see “Configure Message Object 0”) we now map the Object 1 message buffer 
into the XRAM, with base address 008010h, by writing

• M1BLR = 8010h.

The smallest possible buffer size for single-frame messages, with 8 data-bytes per frame, 
is 16 bytes (8 bytes data plus 1 byte XA-C3 FrameInfo), so we choose 16 bytes by 
writing

• M1BSZ = 03h.

Finally, we write to the Object 1 Control register as follows,

• M1CTL = 000111100

which enables Object 1 as a receive object, with message complete interrupt enabled, and 
with fragmented message assembly and RTR reception disabled.
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Configure Message Object 2 as follows

• A transmit object with 11-bit CAN ID 000 1000 0000

• The CAN frame to be transmitted will have 8 data bytes

• Transmit buffer mapped into the on-chip XRAM, with base address 008030h

• Message complete interrupt disabled … the object’s message complete status flag will 
be polled by the CPU.

Recall from Chapter 3 that the XA-C3 constructs a transmit frame using elements from 
several sources, as shown in Figure E-3.
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We first assign the object’s CAN ID by writing to its match ID registers as follows:

• M2MIDH = 0001 0000 0000 0000

• M2MIDL = 0000 0000 0000 0000.

There is no need to write to the M2MSKL register, since MnMSKL has no function for 
Tx objects. In order to program the Data Length Code (DLC) to 8 we write 

• M2MSKH = 0008h.

We select an 8-byte buffer size, and a base address of 008030h, by writing

• M2BSZ = 02h

• M2BLR = 8030h.

The OBJ_EN bit in M2CTL[4] will be set later, after the data bytes have been written to 
the Tx buffer, but for the time being we write to the M2CTL register as follows:

• M2CTL = 00h.

This selects the object as a (disabled) Tx object, with message complete interrupt 
disabled. The object is not enabled for CANopen Auto-Acknowledge, and the RTR bit 
position in transmitted CAN frames will contain ‘0’.
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Configure Message Object 3 as follows

• A transmit object with the Extended Format, 29-bit CAN ID shown below:
0100 1000 0001 0010 0011 0000 0010 0

• Transmits a frame with 8 data bytes

• Interrupts the CPU after transmitting a frame

• Message buffer mapped into the on-chip XRAM, with base address 008028h.

A transmit frame is constructed in the manner shown by Figure E-3. We first assign the 
29-bit Extended Format CAN ID to the object by writing to its match ID registers as 
follows:

• M3MIDH = 0100 1000 0001 0010

• M3MIDL = 0011 0000 0010 0100.

Notice that we have set the MIDE bit to ‘1’ for the Extended Format. Next, we program 
the object to transmit 8 data bytes in the CAN data field by setting the DLC to 8 as 
follows:

• M3MSKH = 0008h.

We set the object’s buffer base address, and select an 8-byte buffer by writing

• M3BLR = 8028h

• M3BSZ = 02h.

We now make the object a Tx object, enable its message complete interrupt, disable it for 
CANopen Auto-Acknowledge, and put a zero in the RTR bit position with the following 
write to the object’s control register:

• M3CTL = 00001000b.

Notice that the object is not yet enabled. After the data bytes have been written to the 
object’s message buffer, the OBJ_EN bit in M3CTL[4] must be set, in order to enable the 
object for transmission.
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Configure Object 4 as follows:

• A receive object which responds to the Extended Format CAN ID shown below:
0100 1000 0001 0010 0011 0000 0010 0

• Receives single-frame messages, and interrupts the CPU after each frame
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• Message buffer resides in the on-chip XRAM, with base address 008030h.

Recall that the XA-C3 constructs the screener for incoming Extended Format frames as 
shown below.

We first configure the mask registers, so that the object responds to one and only one 
29-bit CAN ID:

• M4MSKH = 0000 0000 0000 0000

• M4MSKL = 0000 0000 0000 0000.

Now we assign the object’s CAN ID by writing to its match ID registers:

• M4MIDH = 0100 1000 0001 0010

• M4MIDL = 0011 0000 0010 0100

Notice that we have set the MIDE bit to ‘1’ for Extended Format frames.

The correspondence between the screener, mask, and match ID fields is shown in Figure 
E-4.
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We now choose a 16-byte buffer, and map its base address to 008030h

• M4BSZ = 03h

• M4BLR = 8030h.

Finally, we write to the control register to enable the object as an Rx object, with message 
complete interrupt enabled, fragmented message assembly and RTR reception disabled:

• M4CTL = 00011100b.
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Configure Message Object 5 as follows:

• A receive object which responds to any of the following 29-bit CAN IDs:

– 0100 1000 0001 0010 0011 0000 xxxx x

• The object will receive single-frame messages, and interrupt the CPU after each frame

• Let the message buffer reside in the on-chip XRAM, with base address 8040h.

We first write to the mask registers so that ID4 - ID0 are don’t cares:

• M5MSKH = 0000 0000 0000 0000

• M5MSKL = 0000 0000 1111 1000.

We now assign the object a CAN ID within the acceptable range:

• M5MIDH = 0100 1000 0001 0010

• M5MIDL = 0011 0000 0000 0100.

Notice that the MIDE bit is set to ‘1’ for the Extended Frame format. Figure E-5 
demonstrates the correspondence between the screener, match, and mask fields for Object 
5.
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We now make a 16-byte buffer, and map it to 8040h:

• M5BSZ = 03h

• M5BLR = 8040h.

Writing to the object’s control register, we enable this Rx object, with message complete 
interrupt enabled, but fragmented message assembly and RTR reception disabled.

• M5CTL = 00011100b.
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Configure Object 6 as follows:

• A receive object which responds to an RTR frame with the following 11-bit CAN ID:

– 001 0000 0011.

• Let the object’s message buffer reside in the on-chip XRAM beginning at address 
008050h.

• The object will interrupt the CPU upon reception of each RTR frame.

We first configure the mask registers so that the object responds to one unique 11-bit 
CAN ID:

• M6MSKH = 0000 0000 0001 1111

• M6MSKL = 1111 1111 1111 1000.

Next, we assign the CAN ID of interest to the object, by writing to its match ID registers 
as follows (notice that we write MIDE = 0 for the Standard Frame format):

• M6MIDH = 0010 0000 0110 0000

• M6MIDL = 0000 0000 0000 0000.

We next configure the object’s buffer size to 16 bytes, and its base address to 008050h:

• M6BSZ = 3h

• M6BLR = 8050h.

Finally, we write to the object’s control register as follows:

• M6CTL = 00011101b.

This has configured the object as an Rx object, which will only respond to a CAN frame 
with ID 001 0000 0011 and with the RTR bit set. The message complete interrupt is 
enabled and fragmented message assembly is disabled.
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Configure Object 7 as follows:

• A transmit object which will send an RTR frame with the following 11-bit CAN ID:

– 001 0000 0011.

• The transmitted DLC will contain the value ‘8’.

• The object will interrupt the CPU after transmitting each frame.

We first assign the object’s CAN ID by writing to its match ID registers:

• M7MIDH = 0010 0000 0110 0000
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• M7MIDL = 0000 0000 0000 0000 (notice MIDE = 0)

Next, we write to the object’s MSKH register in order to configure the DLC:

• M7MSKH = 0008h.

There is no need to configure the MSKL register since it has no function for Tx objects. 
Notice also that there is no need to configure a message buffer for this object, since no 
data bytes will be transmitted in an RTR frame.

Finally, we set the RTR_EN bit so that the transmitted frame has a ‘1’ in the RTR bit 
position. At the same time, we enable the object to transmit, with interrupt enabled and 
CANopen Auto-Acknowledge disabled (FRAG = 0):

• M7CTL = 00011001b.
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For this example, assume that the XA-C3 is running with a 20 Mhz oscillator. The 
desired CAN bus timing parameters are given below:

• The CAN bit-rate is 2usec/bit (500 kbps.)

• The Synchronization Jump Width will be 1 CANClk cycle.

• The duration of Time Segment 1 will be 6 CANClk cycles.

• The duration of Time Segment 2 will be 3 CANClk cycles.

• The CAN bus will be sampled once per bit.

• A dominant bit will be a logic ‘0’.

• The CAN TxD output driver will be configured for push-pull.

Recall from Chapter 2 that a CAN bit period is constructed as shown in Figure E-6.

-�.�����! ����������*�(�
���"����������>����������*����
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Since the duration of the Synchronization Segment is fixed at one CANClk cycle, the 
total number of CANClks in one bit period will be 1 + 6 + 3 = 10. Since the CAN bit-rate 
is 500kbps, this gives us a CANClk rate of (10)(500,000) = 5 Mhz. In other words 
tCANClk = 4 tCClk. We can then calculate the following:

tCANClk

tCClk

tSyncSeg

Sync
Segment Phase Segment 1

Sample Points
for SAM = 1

Sample Point
for SAM = 0

Phase Segment 2 Sync
Segment

tSEG2 = 3tCANClk

BRP

CClk

CANClk

For this example:
BRP = 1

SEG1 = 5
SEG2 = 2

One bit period
tSEG1 = 6tCANClk



216 ����������0���(�����


���4��������.�
��*�.��(����

tCANClk = (2)(tCClk)(BRP + 1)
BRP = {(tCANClk) / (2)(tCClk)} - 1
BRP = 1
�� CANBTR[5:0] = 000001

Since we want the Synchronization Jump Width to be one CANClk cycle, we have
tSJW = (tCANClk)(SJW + 1)
SJW = 1
�� CANBTR[7:6] = 01.

We want Time Segment 1 to be 6 CANClks, so
tSEG1 = (tCANClk)(SEG1 + 1)
SEG1 = 5d
�� CANBTR[11:8] = 0101.

We want Time Segment 2 to be 3 CANClks, so
tSEG2 = (tCANClk)(SEG2 + 1)
SEG2 = 2
�� CANBTR[14:12] = 010.

For one sample per bit we need
SAM = 0
�  CANBTR[15] = 0.

The CANCMR register will be configured as follows:

• RXP = CANCMR[7] = 0 … Dominant is logic ‘low’

• ST = CANCMR[6] = 0 … Self Test mode off

• LO = CANCMR[5] = 0 … Listen Only mode off

• CANCMR[4] = 0 … Reserved bit, must be ‘0’ at all times!

• SLPEN = CANCMR[3] = 0 … Sleep Mode off

• OC1 = CANCMR[2] = 0 … Push-Pull for CAN TxD output driver

• CANCMR[1] = 0 … Reserved bit, write 0

• RR = CANCMR[0] = 0 … Clear RR bit, puts the CAN Core into Normal mode.

In summary, the CAN Core is configured with the following two writes:

• CANBTR = 2541h

• CANCMR = 00h.
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Appendix F

Proposed 8 Bit Bus Mode Device F

WARNING: This appendix documents the PROPOSED 

( the 16-Bit External Data Bus Only Version is the current version.)

As of this writing (Dec 1999), the 8-Bit Bus Mode Device is only in the 

planning stage, and MAY NEVER BE IMPLEMENTED.

8-Bit Bus Mode, which is NOT SUPPORTED on the current XA-C3;
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WARNING: This appendix only pertains for a possible future derivative of the XA-C3. 

-+�+� -���(���*��������������

This appendix pertains to a version of the XA-C3 that may not be released. The appendix 
is basically a rewrite of the pertinent sections of the Memory Interface Chapter, with the 
proposed 8-bit External Bus Mode features added. For information on whether this 
derivative will be made available to the market, please contact Philips Semiconductor 
MCO Marketing. For the current XA-C3, use the Memory Interface Chapter.
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The XA-C3 can access external code and data memory through the external bus. The data 
width of the external bus can be (proposed 8-bit ) or 16-bit. The logic state of the 
P3.5/T1/BUSW pin at reset determines the initial bus width. Subsequently, software can 
change the bus width by writing to the (proposed) 8/or16 bit in the MIFCNTL register, 
prior to the first external bus access.

The XA-C3 provides address lines A19 - A0 on package pins, so the accessible address 
space for external memory is 00000 - FFFFF. All external memory must be placed by 
hardware entirely below the 1M byte address limit.

The four lowest address lines, A3 - A0, are not multiplexed, and are driven by the XA-C3 
for the duration of a complete bus cycle. These address lines do not need to be latched by 
an external device. Addresses A19 - A4 appear on multiplexed address/data lines, which 
are shared with data bits D15 - D0. During the address phase of a bus cycle, the portion 
of the 20-bit address appearing on A19 - A4 must be captured by an external address 
latch, in order to be held constant during the subsequent data phase of the bus cycle.

Finally, it should be noted that each address and multiplexed address/data line shares a 
pin with an I/O port bit. Therefore, the I/O port bit will not be available in any system 
with external memory which uses the associated address or multiplexed address/data line. 

Caution ... Even though the I/O port functionality of an external bus pin is not available, 
the driver configuration for that pin, as selected with the PnCFGB and PnCFGA registers, 
is always valid, and the I/O port output latch remains active. Therefore, writing ‘0’ to an 
I/O port bit will override bus operations on that pin, and immediately drive the associated 
external bus line low. The I/O port output latches have a default value of ‘1’ after reset, 
and should never be written with ‘0’ for any pins used as external bus lines.

In addition to address and address/data lines, the XA-C3 external bus includes the 
following control signals:

• Address Latch Enable (ALE)
A logic high on the ALE output signal coincides with changing address/data lines from 
the XA. The external address latch must close, capturing the new address, when the 
ALE signal goes low.

• Program Store Enable (PSEN)
PSEN is the read strobe for an external code read. PSEN will remain high when an 
external code read is not in progress. PSEN = 0 directs the external code device to 

WARNING! For any pin being used as an external bus line, a ‘0’ in the associated I/
O port bit output latch will override bus operations and force the bus line low.
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drive the next instruction onto the bus. PSEN is typically connected to the Output 
Enable (OE) pin of external PROMs or EPROMs.

• Read (RD)
RD is the read strobe for an external data read. RD = 0 directs an external data device 
to drive its data onto the bus for the XA-C3. The XA-C3 samples the data on the 
subsequent rising edge of RD. RD is typically connected to the RD input of the 
external device.

• Write Low (WRL)
WRL is the write strobe for the low byte of an external data write. On the falling edge 
of WRL the XA-C3 drives output data onto the bus. For a (proposed 8-bit ) data bus, 
WRL is the only write strobe. For a 16-bit data bus, WRL applies only to the even 
addressed, low byte of the data word.

• Write High (WRH)
WRH is the write strobe for the odd addressed, high byte of an external data write on a 
16-bit bus. For an 8-bit data bus, the WRH function is not used.

• WAIT
By asserting a logic ‘1’ on the WAIT input after a bus cycle has begun, an external 
device can suspend the bus cycle indefinitely. After the external device releases WAIT, 
the bus cycle will continue to completion.
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Configuration of the external bus is controlled by bits in the special function register 
MIFCNTL. Please note that there is an SFR called BCR which also affects the external 
bus. In the XA-C3, the reset value of BCR is 07h, and this value should never be changed 
by application software.

The MIFCNTL register is shown below, and its functions are explained in the sections 
that follow.

MIFCNTL

-+�+� 	(�(�4���;����

The external bus can be configured for (proposed 8-bit ) or 16-bit wide data. The BUSW 
function allows the bus width to be selected at reset, and the 8/or16 bit allows the bus 
width to be reconfigured by application software.

-+�+�+� ����4��;�-�������

The initial bus width is determined by the logic state of the P3.5/T1/BUSW pin during 
reset. Logic low selects a (proposed 8-bit ) data bus, and logic high selects a 16-bit data 
bus. There is an on-chip weak pull-up on BUSW which yields a default bus width of 
16-bits.

-+�+�+% 
�(�.��.�����4���;���������.�����97��� �4��

Assuming that the XA-C3 is executing boot code from on-chip code memory, then before 
the first external bus access, application software may change the data-bus width by 
writing to the 8/or16 bit in MIFCNTL[2] as follows:

8/or16 = 0 … (proposed 8-bit ) data bus
8/or16 = 1 … 16-bit data bus

The 8/or16 bit resets to ‘1’.

Caution: Special function register BCR resets to 07h, and must never be modified!

8  3 ) � % � &
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The number of active address lines for the external bus is controlled by the 2-bit field 
[BC1 BC0] as follows:

[BC1 BC0] = 00 … 12 address lines
[BC1 BC0] = 01 … 16 address lines
[BC1 BC0] = 10 … 20 address lines
[BC1 BC0] = 11 … 24 address lines, not recommended.

The reset state of the [BC1 BC0] field is ‘11’.

-+�+� 4���	��("��

The external bus can be disabled, when necessary. When executing code near the end of 
on-chip code memory, instruction pre-fetches can cause the external bus to activate 
inadvertently. To prevent this, application software may disable, and subsequently 
reenable, the bus by writing to the BUSD bit as follows:

BUSD = 0 … external bus enabled
BUSD = 1 … external bus disabled

The BUSD bit resets to ‘0’.

-+�+) ;����	��("��

The external WAIT input can be disabled, if desired. When disabled, the XA-C3 will 
ignore the value on the WAIT input. In applications where the WAIT function is not used, 
and all code is executed from internal code memory, the EA/Vpp/WAIT pin can be tied 
high, and WAIT disabled by writing to the WDSBL bit as follows:

WDSBL = 0 … WAIT function enabled
WDSBL = 1 … WAIT function disabled

The WDSBL bit resets to ‘0’.
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The timing parameters for the XA-C3 External Bus are controlled by bits in the memory 
mapped registers MIFBTRH and MIFBTRL. It is important to note that there are two 
special function registers, BTRH and BTRL, which also affect bus timing. In the XA-C3, 
both BTRH and BTRL must be loaded by the user with the value 00h during the boot-up 
code sequence, after a reset. These registers should never be written with any other values 
at any time.

The registers MIFBTRH and MIFBTRL are described below. Clearly, their functionality 
replaces that of BTRH and BTRL as described in 16-bit 80C51XA Microcontrollers 
(eXtended Architecture) Data Handbook IC25.

MIFBTRH

MIFBTRL

-+)+� 	(�(�;���������"��$��������,�

The 2-bit field [DW1 DW0] in MIFBTRH[7:6] determines the duration of the write 
strobe, for the odd-addressed byte only, during a 16-bit data write on a (proposed 8-bit ) 
bus, measured from the even-odd address change to the end of WRH. Please see Figure 
F-2. The write strobe duration is configured as follows:

[DW1 DW0] = 00 … 2 clocks
[DW1 DW0] = 01 … 3 clocks
[DW1 DW0] = 10 … 4 clocks
[DW1 DW0] = 11 … 5 clocks

The reset state of [DW1 DW0] is 11.

-+)+% 	(�(�;�����
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The 2-bit field [DWA1 DWA0] in MIFBTRH[5:4] determines the duration of the write 
cycle, measured from ALE to the end of the write strobe, for an external data write. For a 

Caution: Special function registers BTRH and BTRL must be initialized by software 
to 00h after a reset. No other values should be written to these registers at any time.
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word write on a (proposed 8-bit ) bus, this applies to the even-addressed byte only. Please 
see Figures F-1 and F-2. The strobe’s length is configured as follows:

[DWA1 DWA0] = 00 … 2 clocks
[DWA1 DWA0] = 01 … 3 clocks
[DWA1 DWA0] = 10 … 4 clocks
[DWA1 DWA0] = 11 … 5 clocks

The reset state of [DWA1 DWA0] is 11.

-+)+� 	(�(���(������"��$��������,�

The 2-bit field [DR1 DR0] in MIFBTRH[3:2] determines the duration of the read strobe, 
for the odd-addressed byte only, during a word read on an (proposed 8-bit ) data bus, 
measured from the even-odd address change to the end of RD. Please see Figure F-5. The 
length of the strobe is configured as follows:

[DR1 DR0] = 00 … 1 clock
[DR1 DR0] = 01 … 2 clocks
[DR1 DR0] = 10 … 3 clocks
[DR1 DR0] = 11 … 4 clocks

The reset state of [DR1 DR0] is 11.

-+)+) 	(�(���(��
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The 2-bit field [DRA1 DRA0] in MIFBTRH[1:0] determines the duration of the read 
cycle, measured from ALE to the end of the read strobe, for an external data read. For a 
word read on a (proposed 8-bit ) bus, this applies to the even-addressed byte only. Please 
see Figures F-4 and F-5.

[DRA1 DRA0] = 00 … 2 clocks
[DRA1 DRA0] = 01 … 3 clocks
[DRA1 DRA0] = 10 … 4 clocks
[DRA1 DRA0] = 11 … 5 clocks

The reset state of [DRA1 DRA0] is 11.

-+)+3 ;�����
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The WM1 bit in MIFBTRL[7] determines the duration of the write strobe, measured from 
the falling edge to the rising edge of WRL and/or WRH, as follows (please see Figure 
E-9):

WM1 = 0 … 1 clock
WM1 = 1 … 2 clocks
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The reset state of [WM1] is 1.
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The WM0 bit in MIFBTRL[6] determines the data hold time, measured from the end of 
the write strobe, as follows (please see Figure F-3):

WM0 = 0 … No extra clocks
WM0 = 1 … One extra clock

The reset state of [WM0] is 1.

-+)+8 �,��
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The ALEW bit in MIFBTRL[5] determines the ALE pulse width, measured from the 
rising edge to the falling edge, as follows (please see Figure F-3):

ALEW = 0 … 1/2 clock
ALEW = 1 … 3/2 clocks

The reset state of [ALEW] is 1.

-+)+9 
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The 2-bit field [CR1 CR0] in MIFBTRL[3:2] determines the duration of code read cycles 
which do not begin with ALE. This is applicable to all bytes of the burst read except the 
first. In this case, the duration of the cycle is measured from address change to address 
change, as follows (please see Figure F-6):

[CR1 CR0] = 00 … 1 clock
[CR1 CR0] = 01 … 2 clocks
[CR1 CR0] = 10 … 3 clocks
[CR1 CR0] = 11 … 4 clocks

The reset state of [CR1 CR0] is 11.
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The 2-bit field [CRA1 CRA0] in MIFBTRL[1:0] determines the duration of code read 
cycles which begin with ALE. This is applicable only to the first byte of the burst read. In 
this case, the duration of the cycle is measured from the start of ALE to the end of PSEN 
as follows (please see Figure F-6):

[CRA1 CRA0] = 00 … 2 clocks
[CRA1 CRA0] = 01 … 3 clocks
[CRA1 CRA0] = 10 … 4 clocks
[CRA1 CRA0] = 11 … 5 clocks
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The reset state of [CRA1 CRA0] is 11.
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The timing diagrams that follow depict ‘ideal’ XA-C3 External Bus memory cycles. No 
reference to AC timing parameters is shown in the diagrams, and the diagrams are only 
meant to demonstrate the effects of bits in the MIFBTRH and MIFBTRL registers. It is 
important to note that strobes do not, in general, begin and end exactly coincidentally 
with transitions of the XA core (or system) clock, CClk, in the manner they are shown 
here. Propagation delays, and other sources of skew and delay usually push strobes back 
in time, later than the CClk edge to which they are associated. Please see AC timing 
parameters, in the XA-C3 Data Sheet, for details. 

Please keep in mind that CClk is an internal clock only, is not provided on an output pin, 
and cannot be observed. It is the master on-chip clock to which all synchronous events 
are referenced, and its frequency is equal to that of XTAL1.
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CClk 1 2 3

Address/Data Bus

ALE

WRL/WRH

A3-A0

address

DWA1 DWA0 = 00

data out

CClk 1 2 3 4 5 6

Address/Data Bus

ALE

WRL

A3-A0

data outdata out

odd addresseven address

address

DWA1 DWA0 = 00 DW1 DW0 = 00
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CClk 1 2 3 4 5 6

Address/Data Bus

ALE

WRL/WRH

A3-A0

data outaddress

WM1 = 1ALEW = 1

DWA1 DWA0 = 11

WM0 = 1

CClk 1 2 3 4 5

Address/Data Bus

ALE

RD

A3-A0

data inaddress

DRA1 DRA0 = 01

CClk 1 2 3 4 5 6

Address/Data Bus

ALE

RD

A3-A0

data in data inaddress

even address odd address

DR1 DR0 = 01DRA1 DRA0 = 01
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CClk 1 2 3 4 5 6 7

Address/Data Bus

ALE

PSEN

A3-A0

instruction instruction instructionaddress

CR1 CR0 = 01 CR1 CR0 = 01CRA1 CRA0 = 00
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The WAIT input allows wait states to be inserted into any external bus operation. 
Assuming WAIT has been enabled by clearing the WDSBL bit to zero, then if WAIT is 
asserted (high) after a bus control strobe (PSEN, RD, WRL, or WRH) is driven by the 
XA, that bus operation is stretched, and the control strobe remains low until WAIT is 
removed. It is important to note that external circuitry must generate the WAIT signal at 
appropriate times, so AC timing parameters in the XA-C3 Data Sheet should be consulted 
accordingly.

The following constraints apply to the use of external WAIT:

• Normally, WAIT should be asserted after the bus control strobe (PSEN, RD, WRL, or 
WRH), but it may be asserted any time after the beginning of ALE.

• The bus strobe must be 2 or more clocks in duration.

-+3+�+� �6���(����(����0�;�������(��������(���(�(���(�

A typical external byte (data) read cycle on an (proposed 8-bit ) bus with external WAIT 
is shown in Figure 6-7. For this example, the RD strobe has been configured to be 2 
clocks in duration (i.e., [DRA1 DRA0] = 00). The bus cycle proceeds as follows, with 
reference to the numbered arrows in Figure 6-7:

1. After the falling edge of RD, the external device asynchronously asserts WAIT, and 
it begins driving its data onto the bus.

2. The XA-C3 samples the EA/Vpp/WAIT input = 1 (on the rising edge of CClk), and 
inserts one WAIT state. If WAIT had been sampled low, the bus cycle would have 
ended here.

3. Valid data from the external device is available on the bus, so the device 
asynchronously removes the WAIT signal.

4. The XA-C3 samples the EA/Vpp/WAIT input = 0, and will terminate the bus cycle 
on the 3rd rising edge of CClk after WAIT goes low.

5. The XA removes the RD strobe, ending the bus cycle.
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The logic state of the EA/Vpp/WAIT input, when RESET goes high, determines from 
which portions of physical memory code will be executed. The logic level of the EA 
input is latched when RESET goes high, so whichever mode is selected remains valid 
until the next RESET. 

If EA is low as RESET goes high, then External Access has been selected, and the CPU 
will begin executing code from external code memory. All subsequent code will be 
fetched from external code memory, and the internal code memory will be unused.

If EA is high as RESET goes high, then External Access has not been selected, and the 
CPU will begin executing code from internal code memory. In this case, please keep in 
mind that even though External Access has not been selected, the CPU will still attempt 
to fetch code from external code memory, for addresses above 007FFFh.

CClk 1 2 3 4 5 6 7

Address/Data Bus

ALE

RD

A3-A0

WAIT

data inaddress

2 3 4 51
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• SFR address 440h

• Reset value 00h

SCR

The System Configuration Register controls global operating modes for the XA, and is 
intended to be written once during system initialization and left alone thereafter. For 
details, including descriptions of the PT1, PT0, and CM bits, please see Subsection 4, 
CPU Organization, in the XA User Guide, Section 3 of 16-Bit 80C51XA 
Microcontrollers (eXtended Architecture) Data Handbook IC25.
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• SFR address 46Ah

• Reset value 07h

The reset value of the BCR register in the XA-C3 is 07h, and it should never be written 
with any other value.

-+ +�+� 4��5�>4��������.���.������5�.�?

• SFR address 469h

• Reset value FF

In the XA-C3, the reset value of the BTRH register is FFh. After a reset, BTRH must be 
loaded by the user with the value 00h during the boot-up code sequence. BTRH must 
never be written with any other value at any time.
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• SFR address 468h

• Reset value EFh

In the XA-C3, the reset value of the BTRL register is EFh. BTRL must be loaded by the 
user with the value 00h during the boot-up code sequence after a reset. BTRL must never 
be written with any other value at any time.
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• SFR address 495h

• Reset value 00000r11, where bit [2] is determined by the logic state of the BUSW pin 
at reset

MIFCNTL

The MIFCNTL register controls the configuration of the external bus. MIFCNTL register 
bits have the following functions:
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WDSBL

BUSD

8/or16

BC1 BC0
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• SFR address 497h

• Reset value 0Fh

MRBH

The contents of MRBH specify the uppermost 8 bits of the 24-bit MMR base address. 
The MMR base address is formed by the following concatenation:
N ##��4(�����������@�#�45A80&B�#�4,A80)B�A&&&�B

G(��� #�(���.

& ����;����*�������������("���+

� ����;����*��������������("���+

G(��� #�(���.

& ����������(��"��������("���+

� ����������(��"���������("���+

G(��� #�(���.
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• SFR address 496h

• Reset value F0h

MRBL

The contents of MRBL[7:4] specify address bits a15 - a12 of the 24-bit MMR base 
address, as shown above. The MRBE bit in MRBL[0] has the following function:

MRBE

-+ +% #����6�#(�������.�������*���#����6�
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• MMR offset 290h

• Reset value FEh

XRAMB

The contents of XRAMB[7:1] specify address bits a15 - a9 of the 24-bit XRAM base 
address. The full XRAM base address is formed by the following concatenation:

• ���#�4(�����������@�#4���A80&B����#4A80�BA&B�A&&�B

The XRE bit has the following function:

XRE
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• MMR offset 291h

• Reset value FFh

MBXSR

The contents of MBXSR specify address bits a23 - a16 (the 64K byte segment) of both 
the XRAM base address (as shown above), and all message object buffers.
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• MMR offset 293h

• Reset value FFh

MIFBTRH

The contents of the MIFBTRH register specify various timing parameters for the external 
bus, as follows:

DW1 DW0

DWA1 DWA0
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DRA1 DRA0
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• MMR offset 292h

• Reset value EFh

MIFBTRL

The contents of the MIFBTRL register specify various other timing parameters for the 
external bus, as follows:

WM1

WM0
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ALEW

CR1 CR0

CRA1 CRA0

G(��� #�(���.
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1orMore ‘One or More objects with messages 
complete and INT_EN = 1’ bit (MCIR[5])

8/16 ‘8 or 16-bit data bus width’ bit (MIFCNTL[2]), 
must be written as ‘1’ on the “16-bit external databus 
only” version of the XA-C3

ACK Acknowledge

ACK DEL Acknowledge Delimiter

ALCR Arbitration Lost Capture Register (MMR)

ALE Address Latch Enable

ALEW Bit for selecting the ALE pulse width 
(MIFBTRL[5])

ARBLST Arbitration Lost Status Flag (FESTR[4])

ARBLSTE Arbitration Lost Enable bit (FEENR[4])

Auto_Ack Auto Acknowledge enable bit (GCTL[3])

Base ID The 11 MSbs of a 29-bit CAN Extended 
Frame Identifier

BC1 - BC0 2-bit field for selecting the address bus 
width (MIFCNTL[1:0])

BERR Bus Error status flag (FESTR[3])

BERRE Bus Error Enable bit (FEENR[3])

BOFF Bus-Off status flag (FESTR[2])

BOFFE Bus-Off enable bit (FEENR[2])

BRP The 6-bit Baud Rate Prescaler of the CAN Core 
(CANBTR[5:0])

BS Bus Status bit (CANSTR[7])

BTRH/BTRL Bus Timing Register High/Low (SFRs)

BUSD Bus Disable bit (MIFCNTL[3])

BUSW The P3.5/T1/BUSW pin’s Bus Width function 
during reset, this function level is copied into 
MIFCNTL[2] at the end of Reset by hardware. 
MIFCNTL[2] must be ‘1’ before the external bus is 
used on the “16 bit external data bus only” version of 
the part, this can be accomplished with a software 
write if needed

CAL CAN Application Layer (please exercise extreme 
caution when using this acronym)

CAN Controller Area Network

CANBTR CAN Bus Timing Register (MMR)

CANClk CAN Core Clock

CANCMR CAN Core Command Register (MMR)

CANopen One of the higher-level CTL protocols 
supported by the XA-C3

CClk The internal system (or core) clock whose 
frequency is determined by the crystal oscillator 
circuit, or the XTAL1 input. CClk does not appear on 
an output pin, and is not available for inspection. 
However, it is the master on-chip clock to which all 
synchronous signals are referenced.

CR1 - CR0 2-bit field for selecting the duration of 
external code read cycles without ALE 
(MIFBTRL[3:2])

CRA1 - CRA0 2-bit field for selecting the duration of 
external code read cycles with ALE (MIFBTRL[1:0])

CRC Cyclic Redundancy Check

CRC DEL Cyclic Redundancy Check Delimiter

CTL CAN Transport Layer

DeviceNet One of the higher-level CTL protocols 
supported by the XA-C3

DLC 4-bit Data Length Code

DMA Direct Memory Access

DR1 - DR0 2-bit field for selecting the duration of 
external data reads without ALE (MIFBTRH[3:2])

DRA1 - DRA0 2-bit field for selecting the duration of 
external data reads with ALE (MIFBTRH[1:0])

DW1 - DW0 2-bit field for selecting the duration of 
external data writes without ALE (MIFBTRH[7:6])

DWA1 - DWA0 2-bit field for selecting the duration of 
external data writes with ALE (MIFBTRH[5:4])

EA Enable All (event interrupts) bit (IEL[7])
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EA The EA/Vpp/WAIT pin’s External Access function

EBUFF Rx Buffer Full Interrupt enable bit (IEL[5])

ECCR Error Code Capture Register (MMR)

ECER Frame Error Interrupt enable bit (IEH[4])

EFF Extended Frame Format

EMER Message Error Interrupt enable bit (IEH[5])

EMRI Rx Message Complete Interrupt enable bit 
(IEH[7])

EMTI Tx Message Complete Interrupt enable bit 
(IEH[6])

EOF End of Frame

EP Error Passive bit (CANSTR[6])

ERI0 Serial Port/UART 0 Receive Interrupt enable bit 
(IEH[0])

ERRP Error Passive status flag (FESTR[0])

ERRPE Error Passive enable bit (FEENR[0])

ERRW Error Warning status flag (FESTR[1])

ERRWE Error Warning enable bit (FEENR[1])

ESPI SPI Port Interrupt enable bit (IEH[3])

ESPN Jive television station

ET0, ET1, and ET2 Timer/Counter 0, 1, and 2 
interrupt enable bits (IEL[1], IEL[3], and IEL[4])

ETI0 Serial Port/UART 0 Transmit Interrupt enable bit 
(IEH[1])

EW Error Warning bit (CANSTR[5])

EWLR Error Warning Limit Register (MMR)

EX0 and EX1 External Interrupt 0 and 1 enable bits 
(IEL[0] and IEL[2])

EXF2 Timer/Counter 2 External Flag (T2CON6)

Extended ID The 18 LSbs of a 29-bit CAN Extended 
Frame Identifier

FEENR Frame Error Enable Register (MMR)

FERIF Frame Error Interrupt flag bit 
(CANINTFLG[4])

FESTR Frame Error Status Register (MMR)

FRAG Fragmented message auto-assembly enable bit 
for each object (MnCTL[1])

FRAGERR Fragmentation Error flag (MEIR[6])

GCTL Global Control register (MMR)

IDE Identifier Extension bit

IDL Idle mode enable bit (PCON[0])

IE0 and IE1 External Interrupt 0 and 1 flag bits 
(TCON[1] and TCON[3])

IFS Interframe Space

INT_EN Message Complete interrupt enable bit for 
each object (MnCTL[3])

IPA0 - IPA7 Interrupt Priority registers 0 - 7 (SFRs)

LO Listen Only mode bit (CANCMR[5])

Mask field Any bit position in an object’s Match ID 
can be excluded from acceptance filtering by writing 
‘1’ to the corresponding bit position in the MnMSKH 
or MnMSKL register.

Match ID field An 11 or 29-bit identifier which is 
assigned to an XA-C3 message object by writing to its 
MnMIDH and MnMIDL registers.

MBXSR Message Buffer and XRAM Segment 
Register (MMR)

MCPLH/MCPLL Message Complete High and Low 
registers (MMRs)

MCIR Message Complete Info Register (MMR)

MEIR Message Error Info Register (MMR)

MERIF Message Error Interrupt Flag bit 
(CANINTFLG[3])

MIDE Match IDE bit for each object (MnMIDL[2])

MIF Memory Interface

MIFBTRH/MIFBTRL Memory Interface Bus Timing 
High and Low Registers (MMRs)

MMR Memory Mapped Register

MnBLR Message n Buffer Location Register (MMR)

MnBSZ Message n Buffer Size register (MMR)

MnCTL Message n Control register (MMR)

MnFCR Message n Fragment Count Register (MMR)

MnMIDH/MnMIDL Message n Match ID High and 
Low words (MMRs)

MnMSKH/MnMSKL Message n Mask High and Low 
words (MMRs)

MRBE Memory Mapped Register Enable bit 
(MRBL[0])
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MRBH Memory Mapped Register Base address High 
byte (SFR)

MRBL Memory Mapped Register Base address Low 
byte (SFR)

NMI Non-Maskable Interrupt

OBJ_EN Object Enable bit for each object 
(MnCTL[4])

OC1 Output Control 1 bit (CANCMR[2])

OSEK (Open Systems and the Corresponding 
Interfaces for Automotive ElectroniKs) One of the 
higher-level CTL protocols supported by the XA-C3

PBO Pre-Buffer Overflow status flag (FESTR[5])

PBOE Pre-Buffer Overflow Enable bit (FEENR[5])

PBUFF Rx Buffer Full Interrupt priority field 
(IPA2[6:4])

PC Program Counter

PCER Frame Error Interrupt priority field (IPA6[2:0])

PCON Power Control register (SFR)

PD Power-Down mode enable bit (PCON[1])

PMER Message Error Interrupt priority field 
(IPA6[6:4])

PMRI Receive Message Complete Interrupt priority 
field (IPA7[6:4])

PMTI Tx Message Complete Interrupt priority field 
(IPA7[2:0])

PnCFGB/PnCFGA I/O Port n Configuration registers 
B and A (SFRs)

Pre_Arb Tx Pre-arbitration mode select bit (GCTL[2])

PRI0 Serial Port/UART 0 Receive Interrupt priority 
field (IPA4[2:0])

Prtcl1 - Prtcl0 2-bit field for selecting the system 
protocol (GCTL[1:0])

PSEN Program Store Enable

PSPI SPI Port interrupt priority field (IPA5[6:4])

PSW Program Status Word

PT0, PT1, and PT2 Timer/Counter 0, 1, and 2 interrupt 
priority fields (IPA0[6:4], IPA1[6:4], and IPA2[2:0])

PTI0 Serial Port/UART 0 interrupt priority field 
(IPA4[6:4])

Pn.i Bit i of I/O Port n

PX0 and PX1 External Interrupts 0 and 1 priority 
fields (IPA0[2:0] and IPA1[2:0])

PZ Page Zero mode bit (SCR[0])

RBFIF Rx Buffer Full Interrupt Flag bit 
(CANINTFLG[2])

RBFULL Rx Buffer Full flag (MEIR[5])

RI_0 Serial Port/UART 0 Receive Interrupt flag bit 
(S0CON[0])

RMCIF Receive Message Complete Interrupt Flag 
(CANINTFLG[0])

RTR Remote Transmission Request

RR Reset Request bit (CANCMR[0])

RS Receive Status bit (CANSTR[3])

RTR_EN RTR Enable bit for each object (MnCTL[0])

RXP Receiver Polarity bit (CANCMR[7])

SAM Samples Per Bit bit (CANBTR[15])

SCR System Configuration Register (SFR)

Screener 30-bit field extracted from the incoming 
CAN frame, which is used to match that frame with an 
XA-C3 message object.

SEG1 4-bit field that determines the duration of Phase 
Segment 1 (CANBTR[11:8])

SEG2 3-bit field that determines the duration of Phase 
Segment 2 (CANBTR[14:12])

SFF Standard Frame Format

SFR Special Function Register

SJW 2-bit Synchronization Jump Width of the CAN 
Core (CANBTR[7:6])

SLPEN Sleep mode enable bit (CANCMR[3])

SOF Start of Frame

SPB2 - SPB0 3-bit field for selecting the number of 
data bits in an SPI bus cycle (SPICS[6:4])

SPC3 - SPC0 4-bit SPI clock prescaler field 
(SPICFG[3:0]) 

SPCP SPI Port Clock Polarity bit (SPICFG[7])

Special modes There are three special modes of the 
CAN Core: Sleep, Self Test, and Listen Only modes.

SPFG SPI Port interrupt flag bit (SPICS[3])

SPI Serial Peripheral Interface
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SPICFG SPI Port Configuration register (MMR)

SPICLK SPI Clock 

SPICS SPI Port Control and Status register (MMR)

SPIDATA SPI Port Data register (MMR)

SPIRx SPI Port Rx input

SPITx SPI Port Tx output

SPSTT SPI Port Start bit (SPICS[7])

SRR Substitute Remote Request

SWE Software Interrupt Enable register (SFR)

SWR Software Interrupt flag Register (SFR)

SyncSeg Synchronization Segment

TBU Transmit Buffer Underflow flag (MEIR[7])

tCClk Period of the XA core’s system clock, where 
tCClk = 1 / fXTAL1.

TF0, TF1, and TF2 Timer/Counter 0, 1, and 2 
overflow flags (TCON[5], TCON[7], and T2CON[7])

TI_0 Serial Port/UART 0 Transmit Interrupt flag bit 
(S0CON[1])

TLC Transport Layer Co-processor

TMCIF Transmit Message Complete Interrupt Flag 
(CANINTFLG[1])

TS Transmit Status bit (CANSTR[4])

Tx/Rx Transmitter/Receiver select bit for each object 
(MnCTL[2])

Watchdog Timer Dedicated on-chip timer which will 
reset the CPU if not periodically reloaded by software, 
or disabled.

WM0 Bit for selecting the hold time for external data 
writes (MIFBTRL[6])

WM1 Bit for selecting the duration of the external 
data write strobe (MIFBTRL[7])

WRH Write strobe high

WRL Write strobe low

XRAM 512-byte block of on-chip, relocatable SRAM

XRAMB XRAM Base address register (MMR)

XRE XRAM Enable bit (XRAMB[0])
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Numerics
1M byte address limit 107, 113, 219
1orMore bit 65, 76
8/16 bit 219, 221, 233

A
Acceptance Filtering 43
Address Bus Width 118, 222
Address Latch Enable 117, 219
ALCR (Arbitration Lost Capture Register) 24, 35
ALE 117, 219
ALE Pulse Width 121, 225
ALEW bit 121, 132, 225, 237
Arbitration Lost 161
arbitration ranking for Event interrupts 152
ARBLST status flag 24, 31
ARBLSTE (Arbitration Lost Enable) 33
Auto_Ack bit 77
Auto-Acknowledge for CANopen / CiA CAL, 

setting up 92

B
base address, MMR 110
base address, XRAM 112
BC1 and BC0 bits 118, 128, 222, 233
BCR (Bus Configuration Register) 127, 232
BERR status flag 23, 31
BERRE (Bus Error Enable) 33
bit addressable SFR space 115
Bit Error 23
BOFF status flag 16, 26, 32
BOFFE (Bus-Off Enable) 33
Breakpoint exception 151
BRP 19, 28
BS bit 16, 26, 29
BTRH and BTRL 119, 223
Bus Disable 119, 222
Bus Error 23, 161
Bus Status 16

Bus Timing, CAN 19
bus width after reset 221
BUSD bit 119, 128, 222, 233
Bus-Free 16
Bus-Off 13, 16, 26, 161
Bus-On 16
BUSW function 221
Byte Count 51, 55

C
CAN Core Clock 19
CAN Identifier 44
CAN TxD pin output driver 15
CANBTR (CAN Bus Timing Register) 19, 27
CANClk 19
CANCMR (CAN Core Command Register) 28
CANINTFLG (Interrupt Flag register) 30, 74
CANSTR (CAN Core Status Register) 29
circular buffer 53
Clock Formats 0 and 1 (SPI) 192
Code memory space 107
Code Read Strobe with ALE 122, 225
Code Read Strobe with no ALE 121, 225
ConsecutiveFrame (OSEK) 57, 96
CR1 and CR0 bits 121, 132, 225, 237
CRA1 and CRA0 bits 122, 132, 225, 237

D
Data Hold Time 121, 225
Data Length Code 51, 59
data memory, rules for accessing 108
Data Read Cycle, with ALE 120, 224
Data Read Strobe, with no ALE 120, 224
Data Write Cycle, with ALE 120, 223
Data Write Strobe, without ALE 120, 223
Direct Addressing 107
Divide-By-Zero exception 151
DMA wrap-around 53, 54, 55, 56
Download Domain protocol (CANopen / CiA CAL) 89



244

�����

DR1 and DR0 bits 120, 131, 224, 236
DRA1 and DRA0 bits 120, 131, 224, 236
DW1 and DW0 bits 130, 223, 235
DWA1 and DWA0 bits 120, 130, 223, 235

E
EA (External Access) function 125, 230
EA bit 87, 90, 99, 151, 155
EBUFF bit 87, 90, 99
ECCR (Error Code Capture Register) 23, 34
ECER bit 22
EFF Identifier 45
EFF Match ID field 46
EFF Screener 45
EMRI bit 87, 90
enable bit for MMRs 111
enable bit for XRAM 112
EP bit 13, 17, 26, 30
Error Passive 17, 26, 161
Error Warning 25, 161
ERRP status flag 13, 17, 26, 32
ERRPE (Error Passive Enable) 33
ERRW status flag 17, 25, 32
ERRWE (Error Warning Enable) 33
Event Interrupts, everything you need to know 156
Event interrupts, general description 151
EW bit 17, 25, 30
EWLR (Error Warning Limit Register) 17, 34
Exception interrupts, general description 151
EXF2 interrupt flag 163
Explicit Message (DeviceNet) 86
Extended Frame Format 44, 81
eXtendedDataLength code (OSEK) 96
external bus configuration 118, 221
external bus signals 117, 219
external bus timing 119, 223
external code memory 107
external data memory 107
External Interrupts 0 and 1 163

F
FEENR (Frame Error Enable Register) 22, 32, 161
FERIF bit 21, 30, 161
FESTR (Frame Error Status Register) 22, 31, 161
First Fragment (DeviceNet) 57, 85
FirstFrame (OSEK) 96
FlowControl frame (OSEK) 96

Form Error 23
FRAG bit 42, 48, 72
FRAGERR bit 57, 69, 75
Fragment Count 57, 98
Fragmentation Error 56, 57, 68, 69, 98, 160
Fragmented I/O Message (DeviceNet), 

setting up for 86
Frame Error interrupt 16, 17, 23, 24, 25, 26, 161
Frame Error Interrupt Flag 21, 31
Frame Error Interrupt Flag, clearing 161
Frame Error status flags 31, 161
FrameInfo byte 50, 52, 53, 59

G
GCTL (Global Control register) 39, 77

H
Harvard architecture 106
high impedance 142
higher-level protocol, selecting 42
hold time (for external data write cycle) 121, 225

I
I/O Message (DeviceNet) 86
I/O port output driver configurations 143
I/O port output latch 117, 219
I/O ports 142
IDE bit 46, 47, 59
IDL bit 14, 135
Idle mode 14, 135
IE0 and IE1 interrupt flags 163
IEL and IEH registers 152
Indirect Addressing 107
INT_EN bit 63, 64, 72
INT0 and INT1 163
internal code memory 107
internal data memory 107
interrupt priority registers 152, 155
interrupts, Event (general description) 151
interrupts, Exception 151
interrupts, Software 152
interrupts, Trap 153
inverted polarity CAN RxD pin 15
inverted polarity SPICLK 139, 194
IPA0 - IPA7 (Interrupt Priority Registers 0 -7) 152, 155
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L
Large-Memory mode 106
Last Fragment (DeviceNet) 85
Last Frame 54, 64
Listen Only mode 13
LO bit 13, 29
lost arbitration 24

M
Mask field 43, 46
Mask registers 47, 51
Match ID field 43, 45
MBXSR (Message Buffer and XRAM 

Segment Register) 39, 41, 77, 112, 130, 235
MCIR (Message Complete Info Register) 65, 76
MCPLH/MCPLL (Message Complete High and 

Low registers) 49, 54, 64, 75, 76
MEIR (Message Error Info Register) 55, 56, 57, 

67, 68, 75
Memory Mapped Register space 110
MERIF bit 56, 68, 74, 160
Message Complete Interrupt Flags, clearing 159
Message Complete interrupts, logic for 160
Message Complete Status Flag 54, 55, 62, 63, 64,

65, 76, 159
Message Error Interrupt 160
Message Error Interrupt Flag 56, 68
message object registers 39, 110
MIDE bit 46
MIFBTRH (Memory Interface Bus Timing 

Register High) 119, 130, 223, 235
MIFBTRL (Memory Interface Bus Timing 

Register Low) 119, 131, 223, 236
MIFCNTL (Memory Interface Control register) 

118, 127, 221, 232
MnBLR (Message n Buffer Location Register) 

41, 55, 72, 89, 98
MnBSZ (Message n Buffer Size register) 40, 73
MnCTL (Message n Control register) 71
MnFCR (Message n Fragment Count Register) 

57, 73, 89, 98
MnMIDH/MnMIDL (Message n Match ID 

High/Low registers) 45, 50, 59, 70
MnMSKH register, storing the DLC in 59
MnMSKH/MnMSKL (Message n Mask 

High/Low registers) 46, 51, 71
MOVX instruction 107

MRBE bit 111, 129, 234
MRBH (MMR base address high byte) 110, 128, 233
MRBL (MMR base address low byte) 110, 129, 234
Multifunction Pins 143
Multiple Frame message (OSEK), setting up for 96
multiplexed address/data line 116, 219

N
NMI exception 151
NMT Download Configuration protocol 

(CANopen / CiA CAL) 93
non-inverted polarity CAN RxD pin 15
Normal mode 13
normal polarity SPICLK 139, 194

O
OBJ_EN bit 43, 61, 62, 63, 64, 72
Object Number field 65, 69, 75, 76
OC1 bit 15, 29
OE 117, 220
open drain 142
OSEK multiple frame message 96
out of sequence frame 56
output driver, CAN TxD Pin 15
Output Enable 117, 220
output latch, I/O port 116, 219

P
Page 0 mode 106
PBO status flag 24, 31
PBOE (Pre-Buffer Overflow Enable) 32
PC (Program Counter) 150
PCON (Power Control register) 138
PD bit 136
Phase Segments 1 and 2 20
PnCFGB and PnCFGA 116, 142, 219
polarity, CAN RxD pin 15
Power-Down Mode 136
Power-Down mode, terminating 137
Pre_Arb bit 61, 78
pre-arbitration 61
Pre-Buffer Overflow 24, 161
Program Store Enable 117, 219
Prtcl1 and Prtcl0 bits 78
PSEN 117, 219
PSW (Program Status Word) 150
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push-pull 142
PZ bit 106, 127, 232

Q
quasi-bidirectional 142

R
RBFIF bit 67, 74, 100, 162
RBFULL bit 55, 56, 67, 69, 75, 100
RD 117, 220
Read strobe 117, 220
Receive Pre-Buffer 24
receive status 17
Remote Transmit Request 62
repositioned buffer 55, 56
Reset exception 151
Reset mapping of MMR space 111
Reset mapping of XRAM 113
Reset mode 13
RETI instruction 150
RMCIF bit 64, 74, 159
RR bit 13, 29
RS bit 17, 30
RTR bit 59, 63
RTR frame, receiving 63
RTR frame, transmitting 63
RTR_EN bit 63, 72
Rx Buffer Full 52, 53, 54, 56, 69, 98
Rx Buffer Full Interrupt Flag 67, 162
Rx Message Complete 54, 64
Rx Message Complete Interrupt 159
Rx Message Complete Interrupt Flag 64
RxERC (Receive Error Counter) 16, 34
RXP bit 15, 28

S
SAM bit 20, 27
SCPCFG 197
SCPCS 198
SCR (System Configuration Register) 106, 126, 231
Scratch Pad memory 107
Screener (defined) 45
SEG1 20, 28
SEG2 20, 27
Self Test mode 13
SEM1 and SEM0 49

semaphore 49
SequenceNumber (OSEK) 57, 96
Serial Port 0 interrupts 162
Serial Port/UART 0 146
service precedence for exception interrupts 151
SFF Identifier 45
SFF Match ID field 46
SFF Screener 45, 47, 51
SFR bit address calculation 115
single-frame CAN message, receiving 82
single-frame CAN message, transmitting 83
SJW 20, 28
SLPEN bit 14, 29, 136
SLPOK bit 30, 136
Small-Memory mode 106
Software interrupts 152
SPB2 - SPB0 (SPI Port data byte length) 198
SPCP bit 194, 197
Special Function Registers 115, 166
SPFG bit 162, 197, 198
SPI port 138, 191
SPI Port interrupt 162, 198
SPICFG (SPI Configuration register) 192, 197
SPICLK 139
SPICLK, frequency of 194
SPICLK, polarity of 194
SPICS (SPI Control and Status register) 192, 198
SPIDATA (SPI Data register) 192, 197
SPIDL bit 193, 198
SPIRx input function 139
SPITx output function 139
SPITx pin, idle state of 193
SPSTT bit 193, 197, 198
ST bit 13, 28
Stack Overflow exception 151
Standard Frame Format 44, 81
Stuff Error 23
SWE (Software Interrupt Enable register) 152
SWR (Software interrupt flag register) 152
Synchronization Jump Width 19
Synchronization Segment 20
system protocol selection 42
system stack 150

T
TBU bit 69, 75
TF0, TF1, and TF2 interrupt flags 163
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Timer/Counter interrupts 163
Timer/Counters 144
TMCIF bit 64, 74, 159
Toggle bit 57, 89
Trace exception 151
transmit status 17
Trap interrupts 153
TS bit 17, 30
Tx Buffer Underflow 13, 68, 69, 160
Tx Message Complete 62, 63
Tx Message Complete Interrupt 159
Tx Message Complete Interrupt Flag 64
Tx pre-arbitration 61
Tx/Rx bit 43, 58, 72
TxERC (Transmit Error Counter) 16, 33

U
UART 0 146
UART 0 interrupts 162
User RETI exception 151

W
WAIT 68, 117, 124, 220, 229
WAIT Disable 119, 222
wake-up from Power-Down mode 137
Watchdog Timer 146
WDSBL bit 119, 128, 222, 233
WM0 bit 121, 131, 225, 236
WM1 bit 121, 131, 224, 236
WRH 117, 220
Write Pulse Width 121, 224
Write strobe 117, 220
WRL 117, 220

X
XA Interrupt Controller 150
XRAM 112
XRAMB (XRAM Base register) 112, 129, 234
XRE bit 112, 129, 234
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