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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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7.1 Program Memory

The Program Memory of the P8xC592 consists of 16 kbytes ROM on-chip, externally expandible up to 64 kbytes.

Table 3 Instruction fetch controlled by EA

Notes

1. This implementation prevents reading of the internal program code by switching from external Program Memory
during a MOVC instruction.

2. By setting a security bit the internal Program Memory content is protected, which means it cannot be read out.
If the security bit has been set to LOW there are no restrictions for the MOVC instruction.

7.2 Internal Data Memory

The internal Data Memory is physically built-up and accessible as shown in Table 4 (see Fig.5).

Table 4 Internal Data Memory size and address mode

Notes

1. MAIN RAM can be addressed directly and indirectly as in the 80C51.

2. AUXILIARY RAM (0 to 255):

a) Is indirectly addressable in the same way as the external Data Memory with MOVX instructions.

b) Access will not affect the ports P0, P2, P3.6 and P3.7 during internal program execution.

3. SFRs = Special Function Registers.

PIN EA (note 1)

INSTRUCTIONS FETCHED FROM:
ADDRESS
LOCATIONDURING RESET

LATCHED TO:
AFTER RESET

H − internal Program Memory (note 2) 0000H → 3FFFH

H − external Program Memory 4000H → FFFFH

L − 0000H → FFFFH

− ‘don’t care’ − −

INTERNAL
DATA MEMORY

SIZE LOCATION
ADDRESS MODE

POINTERS
DIRECT  INDIRECT

MAIN RAM
(note 1)

256 bytes 0 to 127 X X address pointers are R0 and R1 of the
selected register bank128 to 255 − X

AUXILIARY RAM
(note 2)

256 bytes 0 to 255 − X address pointers are R0 and R1 of the
selected register bank and the DPTR

SFRs (note 3) 128 bytes 128 to 255 X − −
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7.2.1 MAIN RAM

Four 8-bit register banks occupy the lower RAM area,

• BANK 0: location 0 to 7

• BANK 1: location 8 to 15

• BANK 2: location 16 to 23

• BANK 4: location 24 to 31.

Only one of these banks may be enabled at the same time.

The next 16 bytes, locations 32 through 45, contains
128 directly addressable bit locations.

The stack can be located anywhere in the internal MAIN
RAM address space. The stack depth is only limited by the
internal RAM space available. All registers except the
program counter and the four 8-bit register banks reside in
the SFR address space.

MGA152

7F 7E 7D 7C 7B 7A 79 78

77 76 75 74 73 72 71 70

6F 6E 6D 6C 6B 6A 69 68

67 66 65 64 63 62 61 60

5F 5E 5D 5C 5B 5A 59 58

57 56 55 54 53 52 51 50

4F 4E 4D 4C 4B 4A 49 48

47 46 45 44 43 42 41 40

3F 3E 3D 3C 3B 3A 39 38

37 36 35 34 33 32 31 30

2F 2E 2D 2C 2B 2A 29 28

27 26 25 24 23 22 21 20

1F 1E 1D 1C 1B 1A 19 18

17 16 15 14 13 12 11 10

0F 0E 0D 0C 0B 0A 09 08

07 06 05 04 03 02 01 00

18H
17H

10H
0FH

08H
07H

00H

24
23

31

16
15

8
7

0

BANK 0

BANK 1

BANK 2

BANK 3

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

(MSB) (LSB) 1277FH

2FH

2EH

2DH

2CH

2BH

2AH

29H

28H

27H

26H

25H

24H

23H

22H

21H

20H
1FH

Fig.5  Internal MAIN RAM bit addresses.

7.3 External Data Memory

An access to external Data Memory locations higher than
255 will be performed with the MOVX @DPTR instructions
in the same way as in the 80C51 structure,
i.e. with P0 and P2 as data/address bus and P3.6 and P3.7
as Write and Read strobe signals.

Note that these external Data Memory locations cannot be
accessed with R0 or R1 as address pointer.
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9.1 Prescaler frequency control register (PWMP)

Table 7  Prescaler frequency control register (address FEH)

Table 8 Description of PWMP bits

9.2 Pulse Width Register 0 (PWM0)

Table 9  Pulse Width Register (address FCH)

Table 10 Description of PWM0 bits

9.3 Pulse Width Register 1 (PWM1)

Table 11  Pulse width register (address FDH)

Table 12 Description of PWM1 bits

7 6 5 4 3 2 1 0

PWMP.7 PWMP.6 PWMP.5 PWMP.4 PWMP.3 PWMP.2 PWMP.1 PWMP.0

BIT SYMBOL FUNCTION

7
to
0

PWMP.7
to

PWMP.0

Prescaler division factor .
The Prescaler division factor = (PWMP) + 1.

7 6 5 4 3 2 1 0

PWM0.7 PWM0.6 PWM0.5 PWM0.4 PWM0.3 PWM0.2 PWM0.1 PWM0.0

BIT SYMBOL FUNCTION

7
to
0

PWM0.7
to

PWM0.0

Pulse width ratio.

7 6 5 4 3 2 1 0

PWM1.7 PWM1.6 PWM1.5 PWM1.4 PWM1.3 PWM1.2 PWM1.1 PWM1.0

BIT SYMBOL FUNCTION

7
to
0

PWM1.7
to

PWM1.0

Pulse width ratio.

LOW/HIGH ratio of PWMn signals PWMn( )
255 PWMn( )–
------------------------------------------=

LOW/HIGH ratio of PWMn signals PWMn( )
255 PWMn( )–
------------------------------------------=
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10.1 ADC Control register (ADCON)

Table 13  ADC Control register (address C5H)

Table 14 Description of the ADCON bits

Table 15 ADCI and ADCS operating modes
If ADCI is cleared by software while ADCS is set at the same time a new analog-to-digital conversion with the same
channel-number may be started. It is recommended to reset ADCI before ADCS is set.

Note

1. Start of a new conversion requires ADCI = 0.

7 6 5 4 3 2 1 0

ADC.1 ADC.0 ADEX ADCI ADCS AADR2 AADR1 AADR0

BIT SYMBOL FUNCTION

7 ADC.1 Bit 1 of ADC converted value.

6 ADC.0 Bit 0 of ADC converted value.

5 ADEX Enable external start of conversion by STADC. If ADEX is:

LOW, then conversion cannot be started externally by STADC (only by software by setting ADCS)

HIGH, then conversion can be started externally by a rising edge on STADC or externally.

4 ADCI ADC interrupt flag.  This flag is set when an analog-to-digital conversion result is ready to be read.
If enabled, an interrupt is invoked. The flag must be cleared by software.
It cannot be set by software (see Table 15).

3 ADCS ADC start and status.  Setting this bit starts an analog-to-digital conversion. It may be set by
software or by the external signal STADC. The ADC logic ensures that this signal is HIGH while the
ADC is busy. On completion of the conversion, ADCS is reset at the same time the interrupt flag
ADCI is set. ADCS can not be reset by software (see Table 15).

2 AADR2 Analog input select . This binary coded address selects one of the eight analog port pins of P5 to be
input to the converter. It can only be changed when ADCI and ADCS are both LOW. AADR2 is the
MSB. (e.g. 100B selects the analog input channel ADC4)

1 AADR1

0 AADR0

ADCI ADCS OPERATION

0 0 ADC not busy, a conversion can be started.

0 1 ADC busy, start of a new conversion is blocked.

1 X (don’t care) Conversion completed; see note 1.
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13.5 Control Segment and Message Buffer
description

The CAN-controller appears to the CPU as a
memory-mapped peripheral, guaranteeing the
independent operation of both parts.

13.5.1 ADDRESS ALLOCATION

The address area of the CAN-controller consists of the
Control Segment and the message buffers. The Control
Segment is programmed during an initialization down-load
in order to configure communication parameters (e.g. bit
timing). The communication over the CAN-bus is also
controlled via this segment by the CPU. A message which
is to be transmitted, must be written to the Transmit Buffer.

After a successful reception the CPU may read the
message from the Receive Buffer and then release it for
further use.

13.5.2 CONTROL SEGMENT LAYOUT

The exchange of status, control and command signals
between the CPU and the CAN-controller is performed in
the control segment. The layout of this segment is shown
in Fig.15. After an initial down-load, the contents of the
registers Acceptance Code, Acceptance Mask,
Bus Timing 0, Bus Timing 1 and Output Control should not
be changed. These registers may only be accessed when
the Reset Request bit in the Control Register is set HIGH
(see Tables 30, 31 and 32).

handbook, full pagewidth

ADDRESS

0

control segment

MGA160 - 1

CONTROL

descriptor

data field

transmit buffer

descriptor

data field

receive buffer 0 or 1

1 COMMAND

2 STATUS

3 INTERRUPT

4 ACCEPTANCE CODE

5 ACCEPTANCE MASK

6 BUS TIMING 0

7 BUS TIMING 1

8 OUTPUT CONTROL

9 TEST

10 IDENTIFIER,

11 RTR BIT,     DATA LENGTH CODE

12 BYTE 1

13 BYTE 2

14 BYTE 3

15 BYTE 4

16 BYTE 5

17 BYTE 6

18 BYTE 7

19 BYTE 8

2014H

15H

16H

11H

12H

13H

17H

18H

19H

1AH

1BH

1CH

1DH

IDENTIFIER,

21 RTR BIT,     DATA LENGTH CODE

22 BYTE 1

23 BYTE 2

24 BYTE 3

25 BYTE 4

26 BYTE 5

27 BYTE 6

28 BYTE 7

29 BYTE 8

IDENTIFIER,

RTR BIT,     DATA LENGTH CODE

BYTE 1

BYTE 2

BYTE 3

BYTE 4

BYTE 5

BYTE 6

BYTE 7

BYTE 8

00H

01H

02H

03H

04H

05H

06H

07H

08H

09H

0AH

0CH

0DH

0EH

0FH

10H

0BH

Fig.15  CAN-controller internal address allocation.
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13.5.4 COMMAND REGISTER (CMR)

A command bit initiates an action within the transfer layer of the CAN-controller. The Command Register appears to the
CPU as a read/write memory, except for the bits CMR.0 (TR) to CMR.3 (COS), which return a HIGH if being read.

Table 33 Command Register (address 1)

Table 34 Description of the CMR bits

7 6 5 4 3 2 1 0

RX0A RX1A WUM SLP COS RRB AT TR

BIT SYMBOL FUNCTION

7 RX0A RX0 Active . See Table 35; note 1.

6 RX1A RX1 Active . See Table 35; note 1.

5 WUM Wake-up Mode  (note 2). If the value of WUM is:

HIGH (single ended), then the difference of the RX signals to the internal reference voltage 1⁄2AVDD
is used for wake up.

LOW (differential), then the differential signal between RX0 and RX1 is used for wake up.

4 SLP Sleep  (note 3). If the value of SLP is:

HIGH (sleep), then the CAN-controller enters sleep mode if no CAN interrupt is pending and there
is no bus activity.

LOW (wake up), then the CAN-controller functions normally.

3 COS Clear Overrun Status  (note 4). If the value of COS is:

HIGH (clear), then the Data Overrun status bit is set to LOW (see Table 37).

LOW (no action), then there is no action.

2 RRB Release Receive Buffer (note 5). If the value of RRB is:

HIGH (released), then the Receive Buffer attached to the CPU is released.

LOW (no action), then there is no action.

1 AT Abort Transmission  (note 6). If the value of AT is:

HIGH (present) and if not already in progress, a pending Transmission Request is cancelled.

LOW (absent), then there is no action.

0 TR  Transmission Request  (note 7). If the value of TR is:

HIGH (present), then a message shall be transmitted.

LOW (absent), then there is no action.
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Notes to the description of the SR bits

1. When the Bus Status bit is set HIGH (Bus-OFF), the CAN-controller will set the Reset Request bit HIGH (present).
It will stay in this state until the CPU sets the Reset Request bit LOW (absent). Once this is completed the
CAN-controller will wait the minimum protocol-defined time (128 occurrences of the Bus-Free signal) before setting
the Bus Status bit LOW (Bus-ON), the Error Status bit LOW (ok) and resetting the Error Counters. During Bus-OFF
the output drivers are switched off (floating); external transceiver circuits should output a recessive level in this case.

2. If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle.

3. If the CPU tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the written bytes
will not be accepted and will be lost without this being signalled. The Transmission Complete Status bit is set LOW
(incomplete) whenever the Transmission Request bit is set HIGH (present). If an Abort Transmission command is
issued, the Transmit Buffer will be released. If the message, which was requested and then aborted, was not
transmitted, the Transmission Complete Status bit will remain LOW.

4. If Data Overrun = HIGH (overrun) is detected, the currently received message is dropped. A transmitted message,
granted acceptance, is also stored in a Receive Buffer. This occurs because it is not known if the CAN-controller will
lose arbitration and so become a receiver of the message. If no Receive Buffer is available, Data Overrun is
signalled. However, this transmitted and accepted message does neither cause a Receive Interrupt nor set the
Receive Buffer Status bit to HIGH (full). Also, a Data Overrun does not cause the transmission of an Overload Frame
(see Sections 13.6.1 and 13.6.5).

5. If the command bit Release Receive Buffer is set HIGH (released) by the CPU, the Receive Buffer Status bit is set
LOW (empty) by IML. When a new message is stored in any of the receive buffers, the Receive Buffer Status bit is
set HIGH (full) again.
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MGA163

tSYNCSEG

sample point

(b)
1 clock cycle (t )SCL

tTSEG1 t TSEG2

t (one bit period)

SYNC.SEG

sample point
(a)

nominal bit time

PROP.SEG PHASE SEG1 PHASE SEG2

transmit point

Fig.18  Bit period.

(a) As defined by the CAN-protocol.

(b) As implemented in the P8xC592's on-chip CAN-controller.

13.5.19.2 Time Segment 1 (TSEG1)

This segment determines the location of the sampling
point within a bit period, which is at the end of TSEG1.
TSEG1 is programmable from 1 to 16 system clock cycles
(see Section 13.5.10).

The correct location of the sample point is essential for the
correct functioning of a transmission. The following points
must be taken into consideration:

• A Start-Of-Frame (see Section 13.6.2) causes all
CAN-controllers to perform a ‘hard synchronization’
(see Section 13.5.20) on the first recessive-to-dominant
edge.
During arbitration, however, several CAN-controllers
may simultaneously transmit. Therefore it may require
twice the sum of bus-line, input comparator and the
output driver delay times until the bus is stable.
This is the propagation delay time.

• To avoid sampling at an incorrect position, it is
necessary to include an additional synchronization
buffer on both sides of the sample point.
The main reasons for incorrect sampling are:

– Incorrect synchronization due to spikes on the
bus-line

– Slight variations in the oscillator frequency of each
CAN-controller in the network, which results in a
phase error.

• Time Segment 1 consists of the segment for
compensation of propagation delays and the
synchronization buffer segment directly before the
sample point (see Fig.18).
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13.5.19.3 Time Segment 2 (TSEG2)

This time segment provides:

• Additional time at the sample point for calculation of the
subsequent bit levels (e.g. arbitration)

• Synchronization buffer segment directly after the
sample point.

TSEG2 is programmable from 1 to 8 system clock cycles
(see Section 13.5.10).

13.5.19.4 Synchronisation Jump Width (SJW)

SJW defines the maximum number of clock cycles (tSCL) a
period may be reduced or increased by one
resynchronization. SJW is programmable from 1 to 4
system clock cycles, see Section 13.5.2.

13.5.19.5 Propagation Delay Time (tprop)

The Propagation Delay Time is:

tprop is rounded up to the nearest multiple of tSCL.

13.5.19.6 Bit Timing Restrictions

Restrictions on the configuration of the bit timing are based
on internal processing. The restrictions are:

• tTSEG2 ≥ 2tSCL

• tTSEG2 ≥ tSJW

• tTSEG1 ≥ tSEG2

• tTSEG1 ≥ tSJW + tprop.

The three sample mode (SAM = HIGH) has the effect of
introducing a delay of one system clock cycle on the
bus-line. This must be taken into account for the correct
calculation of TSEG1 and TSEG2:

• tTSEG1 ≥ tSJW + tprop + 2tSCL

• tTSEG2 ≥ 3tSCL.

13.5.20 SYNCHRONIZATION

Synchronization is performed by a state machine which
compares the incoming edge with its actual bit timing and
adapts the bit timing by hard synchronization or
resynchronization.

tprop 2 physical bus delay
input comparator delay
output driver delay

+
+

(

)

×

.

=

This type of synchronization occurs only at the beginning
of a message.

The CAN-controller synchronizes on the first incoming
recessive-to-dominant edge of a message (being the
leading edge of a message's Start-Of-Frame bit;
see Section 13.6.2.

Resynchronization occurs during the transmission of a
message's bit stream to compensate for:

• Variations in individual CAN-controller oscillator
frequencies

• Changes introduced by switching from one transmitter
to another (e.g. during arbitration).

As a result of resynchronization either tTSEG1 may be
increased by up to a maximum of tSJW or tTSEG2 may be
decreased by up to a maximum of tSJW:

• tTSEG1 ≤ tSCL [(TSEG1 + 1) + (SJW + 1)]

• tTSEG2 ≥ tSCL [(TSEG2 + 1) − (SJW + 1)].

TSEG1, TSEG2 and SJW are the programmed numerical
values.

The phase error (e) of an edge is given by the position of
the edge relative to SYNCSEG, measured in system clock
cycles (tSCL).

The value of the phase error is defined as:

• e = 0, if the edge occurs within SYNCSEG

• e > 0, if the edge occurs within TSEG1

• e < 0, if the edge occurs within TSEG2.

The effect of resynchronization is:

• The same as that of a hard synchronization, if the
magnitude of the phase error (e) is less or equal to the
programmed value of tSJW

• To increase a bit period by the amount of tSJW, if the
phase error is positive and the magnitude of the phase
error is larger than tSJW

• To decrease a bit period by the amount of tSJW, if the
phase error is negative and the magnitude of the phase
error is larger than tSJW.
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13.6.2.4 RTR bit

A CAN-controller, acting as a receiver for certain
information may initiate the transmission of the respective
data by transmitting a Remote Frame to the network,
addressing the data source via the Identifier and setting
the RTR bit HIGH (remote; recessive bus level). If the data
source simultaneously transmits a Data Frame containing
the requested data, it uses the same Identifier. No bus
access conflict occurs due to the RTR bit being set LOW
(data; dominant bus level) in the Data Frame.

13.6.2.5 Control Field

This field consists of six bits. It includes two reserved bits
(for future expansions of the CAN-protocol), transmitted
with a dominant bus level, and is followed by the Data
Length Code (4 bits).
The number of bytes (destuffed; number of data bytes to
be transmitted/received) in the Data Field is indicated by
the Data Length Code. Admissible values of the Data
Length Code, and hence the number of bytes in the
(destuffed) Data Field, are {0, 1, ...., 8}. A logic 0 (logic 1)
in the Data Length Code is transmitted as dominant
(recessive) bus level, respectively.

13.6.2.6 Data Field

The data, stored within the Data Field of the Transmit
Buffer, are transmitted according to the Data Length Code.
Conversely, data of a received Data Frame will be stored
in the Data Field of a Receive Buffer. The Data Field can
contain from 0 up to 8 bytes. The most significant bit of the
first data byte (lowest address) is transmitted/received
first.

13.6.2.7 Cyclic Redundancy Code Field (CRC)

The CRC Field consists of the CRC Sequence (15 bits)
and the CRC Delimiter (1 recessive bit). The Cyclic
Redundancy Code (CRC) encloses the destuffed bit
stream of the Start-Of-Frame, Arbitration Field, Data Field
and CRC Sequence. The most significant bit of the CRC
Sequence is transmitted/received first. This frame check
sequence, implemented in the CAN-controller is derived
from a cyclic redundancy code best suited for frames with
a total bit count of less than 127 bits, see Section 13.6.8.3.
With Start-Of-Frame (dominant bit) included in the code
word, any rotation of the code word can be detected by the
absence of the CRC Delimiter (recessive bit).

13.6.2.8 Acknowledge Field (ACK)

The Acknowledge Field consists of two bits, the
Acknowledge Slot and the Acknowledge Delimiter, which
are transmitted with a recessive level by the transmitter of
the Data Frame. All CAN-controllers having received the
matching CRC Sequence, report this by overwriting the
transmitter's recessive bit in the Acknowledge Slot with a
dominant bit. Thereby a transmitter, still monitoring the bus
level recognizes that at least one receiver within the
network has received a complete and correct message
(i.e. no error was found). The Acknowledge Delimiter
(recessive bit) is the second bit of the Acknowledge Field.
As a result, the Acknowledge Slot is surrounded by two
recessive bits: the CRC Delimiter and the Acknowledge
Delimiter.

All nodes within a CAN network may use all the information
coming to the network by all CAN-controllers (shared
memory concept). Therefore, acknowledgement and error
handling are defined to provide all information in a
consistent way throughout this shared memory. Hence,
there is no reason to discriminate different receivers of a
message in the acknowledge field. If a node is
disconnected from the network due to bus failure, this
particular node is no longer part of the shared memory. To
identify a ‘lost node’ additional and application specific
precautions are required.

13.6.2.9 End-Of-Frame

Each Data Frame or Remote Frame is delimited by the
End-Of-Frame bit sequence which consists of seven
recessive bits (exceeds the bit stuff width by two bits).
Using this method a receiver detects the end of a frame
independent of a previous transmission error because the
receiver expects all bits up to the end of the CRC
Sequence to be coded by the method of bit-stuffing, see
Section 13.6.7.3. The bit-stuffing logic is deactivated
during the End-Of-Frame sequence.
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13.6.3 REMOTE FRAME

A CAN-controller acting as a receiver for certain
information may initiate the transmission of the respective
data by transmitting a Remote Frame to the network,
addressing the data source via the Identifier and setting
the RTR bit HIGH (remote; recessive bus level). The
Remote Frame is similar to the Data Frame with the
following exceptions:

• RTR bit is set HIGH

• Data Length Code is ignored

• No Data Field contained.

Note that the value of the Data Length Code should be the
one of the corresponding Data Frame, although it is
ignored for a Remote Frame.

A Remote Frame is composed of six different bit fields:

• Start-of-Frame

• Arbitration Field

• Control Field

• CRC Field

• Acknowledge Field

• End-Of-Frame.

See Section 13.6.2 for more detailed explanation of the
Remote Frame bit fields.

13.6.4 ERROR FRAME

The Error Frame consists of two different fields:

• The first field, accomplished by the superimposing of
Error Flags contributed from different CAN-controllers

• The second field is the Error Delimiter.

13.6.4.1 Error Flag

There are two forms of an Error Flag:

• Active Error Flag, consists of six consecutive
dominant bits.

• Passive Error Flag, consists of six consecutive
recessive bits unless it is overwritten by dominant bits
from other CAN-controllers.

An error-active CAN-controller (see Section 13.6.9)
detecting an error condition signals this by transmission of
an Active Error Flag. This Error Flag's form violates the
bit-stuffing rule (see Section 13.6.7) applied to all fields,

from Start-Of-Frame to CRC Delimiter, or destroys the
fixed form of the fields Acknowledge Field or
End-Of-Frame (see Fig.20).

Consequently, all other CAN-controllers detect an error
condition and start transmission of an Error Flag.
Therefore the sequence of dominant bits, which can be
monitored on the bus, results from a superposition of
different Error Flags transmitted by individual
CAN-controllers. The total length of this sequence varies
between six (minimum) and twelve (maximum) bits.

An error-passive CAN-controller (see Section 13.6.9)
detecting an error condition tries to signal this by
transmission of a Passive Error Flag. The error-passive
CAN-controller waits for six consecutive bits with identical
polarity, beginning at the start of the Passive Error Flag.
The Passive Error Flag is complete when these six
identical bits have been detected.

13.6.4.2 Error Delimiter

The Error Delimiter consists of eight recessive bits and has
the same format as the Overload Delimiter. After
transmission of an Error Flag, each CAN-controller
monitors the bus-line until it detects a transition from a
dominant-to-recessive bit level. At this point in time, every
CAN-controller has finished sending its Error Flag and has
additionally sent the first out of the 8 recessive bits of the
Error Delimiter. Afterwards all CAN-controllers transmit the
remaining recessive bits. After this event and an
Intermission Field all error-active CAN-controllers within
the network can start a transmission simultaneously.

If a detected error is signalled during transmission of a
Data Frame or Remote Frame, the current message is
spoiled and a retransmission of the message is initiated.

If a CAN-controller monitors any deviation of the Error
Frame, a new Error Frame will be transmitted. Several
consecutive Error Frames may result in the CAN-controller
becoming error-passive and leaving the network
unblocked.

In order to terminate an Error Flag correctly, an
error-passive CAN-controller requires the bus to be
Bus-Idle (see Section 13.6.6) for at least three bit periods
(if there is a local error at an error-passive-receiver).
Therefore a CAN-bus should not be 100% permanently
loaded.
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13.6.7.4 Error Signalling

A CAN-controller which detects an error condition,
transmits an Error Flag. Whenever a Bit Error, Stuff Error,
Form Error or an Acknowledgement Error is detected,
transmission of an Error Flag is started at the next bit.
Whenever a CRC Error is detected, transmission of an
Error Flag starts at the bit following the Acknowledge
Delimiter, unless an Error Flag for another error condition
has already started. An Error Flag violates the bit-stuffing
law or corrupts the fixed form bit fields. A violation of the
bit-stuffing law affects any CAN-controller which detects
the error condition. These devices will also transmit an
Error Flag.

An error-passive CAN-controller (see Section 13.6.9)
which detects an error condition, transmits a Passive Error
Flag. A Passive Error Flag is not able to interrupt a current
message at different CAN-controllers but this type of Error
Flag may be ignored (overwritten) by other
CAN-controllers. After having detected an error condition,
an error-passive CAN-controller will wait for six
consecutive bits with identical polarity and when
monitoring them, interpret them as an Error Flag.

After transmission of an Error Flag, each CAN-controller
monitors the bus-line until it detects a transition from a
dominant-to-recessive bit level. At this point in time, every
CAN-controller has finished transmitting its Error Flag and
all CAN-controllers start transmitting seven additional
recessive bits (Error Delimiter, see Section 13.6.4).

The message format of a Data Frame or Remote Frame is
defined in such a way that all detectable errors can be
signalled within the message transmission time and
therefore it is very simple for the CAN-controllers to
associate an Error Frame to the corresponding message
and to initiate retransmission of the corrupted message. If
a CAN-controller monitors any deviation of the fixed form
of an Error Frame, it transmits a new Error Frame.

13.6.7.5 Overload Signalling

Some CAN-controllers (but not the one on-chip of the
P8xC592) require to delay the transmission of the next
Data Frame or Remote Frame by transmitting one or more
Overload Frames. The transmission of an Overload Frame
must start during the first bit of an expected Intermission
Field. Transmission of Overload Frames which are
reactions on a dominant bit during an expected
Intermission Field, start one bit after this event.

Though the format of Overload Frame and Error Frame are
identical, they are treated differently. Transmission of an
Overload Frame during Intermission Field does not initiate

the retransmission of any previous Data Frame or Remote
Frame. If a CAN-controller which transmitted an Overload
Frame monitors any deviation of its fixed form, it transmits
an Error Frame.

13.6.8 ERROR DETECTION

The processes described in Sections 13.6.8.1 to 13.6.10.3
are implemented in the P8xC592's on-chip CAN-controller
for error detection.

13.6.8.1 Bit Error

A transmitting CAN-controller monitors the bus on a
bit-by-bit basis. If the bit level monitored is different from
the transmitted one, a Bit Error is signalled.
The exceptions being:

• During the Arbitration Field, a recessive bit can be
overwritten by a dominant bit. In this case, the
CAN-controller interprets this as a loss of arbitration.

• During the Acknowledge Slot, only the receiving
CAN-controllers are able to recognize a Bit Error.

13.6.8.2 Stuff Error

The following bit fields are coded using the bit-stuffing
technique:

• Start-Of-Frame

• Arbitration Field

• Control Field

• Data Field

• CRC Sequence.

There are two possible ways of generating a Stuff Error:

• A disturbance generates more than the allowed five
consecutive bits with identical polarity. These errors are
detected by all CAN-controllers.

• A disturbance falsifies one or more of the five bits
preceding the stuff bit. This error situation is not
recognized as a Stuff Error by the receivers. Therefore,
other error detection processes may detect this error
condition such as:

– CRC check, format violation at the receiving
CAN-controllers, or

– Bit Error detection by the transmitting CAN-controller.
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15.1 Power Control Register (PCON)

Table 80  Power Control Register (address 87H)

Table 81 Description of the PCON bits

Note

1. If PD and IDL are set to HIGH at the same time, PD takes precedence. The reset value of PCON is 0XX00000B.

7 6 5 4 3 2 1 0

SMOD − − WLE GF1 GF0 PD IDL

BIT SYMBOL FUNCTION

7 SMOD Double baud rate bit . When set to logic 1 the baud rate is doubled when the serial port
SIO0 is being used in Modes 1, 2 and 3.

6 − Reserved.

5 −
4 WLE Watchdog Load Enable . This flag must be set by software prior to loading T3

(Watchdog timer). It is cleared when T3 is loaded.

3 GF1 General purpose flag bits.

2 GF0

1 PD Power-down bit . Setting this bit activates Power-down mode (note 1). It can only be set
if input EW is HIGH.

0 IDL Idle mode bit . Setting this bit activates the Idle mode (note 1).

15.2 CAN Sleep Mode

In order to reduce power consumption of the P8xC592 the
CAN-controller may be switched off (disconnecting the
internal clock) by setting the CAN Command Register bit 4
(Sleep) HIGH. The CAN-controller leaves this Sleep mode
by detecting either activity on the CAN-bus (dominant
bit-level on CRX0/CRX1; see Chapter 5, Table 1) or by
setting the Sleep bit to LOW. As the CPU can not only write
to the Sleep bit, but can also read it, the CAN-controller
status can be determined directly.

15.3 Idle Mode

The instruction that sets bit PCON.0 to HIGH is the last
one executed in the normal operating mode before Idle
mode is activated.

Once in the Idle mode, the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator, RAM and all other registers
maintain their data during Idle mode. The status of the
external pins during Idle mode is shown in see Table 82.

There are three ways to terminate the Idle mode:

• Activation of any enabled interrupt will cause PCON.0 to
be cleared by hardware, provided that the interrupt
source is active during Idle mode. After the interrupt is
serviced, the program continues with the instruction
immediately after the one, at which the interrupt request
was detected.

• The flag bits GF0 and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to PCON.0 can also set or clear
one or both flag bits. When Idle mode is terminated by
an interrupt, the service routine can examine the status
of the flag bits.

• Another way of terminating the Idle mode is an external
hardware reset. Since the oscillator is still running, the
reset signal is required to be active only for two machine
cycles (24 oscillator periods) to complete the reset
operation.

• The third way is the internally generated watchdog reset
after an overflow of Timer 3.
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Table 85 Instruction set description: Logic operations

MNEMONIC DESCRIPTION BYTES CYCLES
OPCODE

(HEX)

Logic operations

ANL A,Rr AND register to A 1 1 5*

ANL A,direct AND direct byte to A 2 1 55

ANL A,@Ri AND indirect RAM to A 1 1 56, 57

ANL A,#data AND immediate data to A 2 1 54

ANL direct,A AND A to direct byte 2 1 52

ANL direct,#data AND immediate data to direct byte 3 2 53

ORL A,Rr OR register to A 1 1 4*

ORL A,direct OR direct byte to A 2 1 45

ORL A,@Ri OR indirect RAM to A 1 1 46, 47

ORL A,#data OR immediate data to A 2 1 44

ORL direct,A OR A to direct byte 2 1 42

ORL direct,#data OR immediate data to direct byte 3 2 43

XRL A,Rr Exclusive-OR register to A 1 1 6*

XRL A,direct Exclusive-OR direct byte to A 2 1 65

XRL A,@Ri Exclusive-OR indirect RAM to A 1 1 66, 67

XRL A,#data Exclusive-OR immediate data to A 2 1 64

XRL direct,A Exclusive-OR A to direct byte 2 1 62

XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 63

CLR A Clear A 1 1 E4

CPL A Complement A 1 1 F4

RL A Rotate A left 1 1 23

RLC A Rotate A left through the carry flag 1 1 33

RR A Rotate A right 1 1 03

RRC A Rotate A right through the carry flag 1 1 13

SWAP A Swap nibbles within A 1 1 C4
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Table 86 Instruction set description: Data transfer

Note

1. MOV A,ACC is not permitted.

MNEMONIC DESCRIPTION BYTES CYCLES
OPCODE

(HEX)

Data transfer

MOV A,Rr Move register to A 1 1 E*

MOV A,direct (note 1) Move direct byte to A 2 1 E5

MOV A,@Ri Move indirect RAM to A 1 1 E6, E7

MOV A,#data Move immediate data to A 2 1 74

MOV Rr,A Move A to register 1 1 F*

MOV Rr,direct Move direct byte to register 2 2 A*

MOV Rr,#data Move immediate data to register 2 1 7*

MOV direct,A Move A to direct byte 2 1 F5

MOV direct,Rr Move register to direct byte 2 2 8*

MOV direct,direct Move direct byte to direct 3 2 85

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86, 87

MOV direct,#data Move immediate data to direct byte 3 2 75

MOV @Ri,A Move A to indirect RAM 1 1 F6, F7

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6, A7

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76, 77

MOV DPTR,#data16 Load data pointer with a 16-bit constant 3 2 90

MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93

MOVC A,@A+PC Move code byte relative to PC to A 1 2 83

MOVX A,@Ri Move external RAM (8-bit address) to A 1 2 E2, E3

MOVX A,@DPTR Move external RAM (16-bit address) to A 1 2 E0

MOVX @Ri,A Move A to external RAM (8-bit address) 1 2 F2, F3

MOVX @DPTR,A Move A to external RAM (16-bit address) 1 2 F0

PUSH direct Push direct byte onto stack 2 2 C0

POP direct Pop direct byte from stack 2 2 D0

XCH A,Rr Exchange register with A 1 1 C*

XCH A,direct Exchange direct byte with A 2 1 C5

XCH A,@Ri Exchange indirect RAM with A 1 1 C6, C7

XCHD A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 D6, D7
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Table 88 Description of the mnemonics in the Instruction set

MNEMONIC DESCRIPTION

Data addressing modes

Rr Working register R0-R7.

direct 128 internal RAM locations and any special function register (SFR).

@Ri Indirect internal RAM location addressed by register R0 or R1 of the actual register bank.

#data 8-bit constant included in instruction.

#data 16 16-bit constant included as bytes 2 and 3 of instruction.

bit Direct addressed bit in internal RAM or SFR.

addr16 16-bit destination address. Used by LCALL and LJMP.
The branch will be anywhere within the 64 kbytes Program Memory address space.

addr11 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2 kbytes
page of Program Memory as the first byte of the following instruction.

rel Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps.
Range is −128 to +127 bytes relative to first byte of the following instruction.

Hexadecimal opcode cross-reference

* 8, 9, A, B, C, D, E, F.

• 1, 3, 5, 7, 9, B, D, F.

♦ 0, 2, 4, 6, 8, A, C, E.
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Table 90 CAN characteristics

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

CAN input comparator/output driver

tsd sum of input and output delay AVDD = 5 V ± 5%; VDIF = ± 32 mV;
1.4 V < VI < AVDD − 1.4 V

− 60 ns

Fig.29  AC testing input, output waveform (a) and float waveform (b).

AC testing inputs are driven at 2.4 V for a HIGH and 0.45 V for a LOW.

Timing measurements are taken at 2.0 V for a HIGH and 0.8 V for a LOW, see Fig.29 (a).

The float state is defined as the point at which a Port 0 pin sinks 3.2 mA or sources 400 µA at the voltage test levels, see Fig.29 (b).
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andbook, full pagewidth
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Fig.31  Read from external Program Memory.
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Fig.32  Read from external Data Memory.
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35 ;commands for the CAN-controller / DMA logic

36 CAN_REF_REL EQU 00000100B ;Release Receive Buffer

00A0 37 CAN_RX_DMA EQU 80H + 22 ;Rx DMA-transfer

00A1 38

39 ; addresses of CAN-controller internal registers

40 CAN_REF EQU 20 ;1st address of Rx-buffer

41

42 ; masks

43 INT_FLAG_MASK EQU 00011111B ;all CAN's interrupt-flags

44 ID2_0_MASK EQU 11100000B ;only ID.2 ... ID.0 bits

00A2 45 ; jump-address for a CAN-controller interrupt

46

47

48 CSEG at 2BH

020080 49 LJMP CAN_INT_HANDLER ; CAN's interrupt-vector

00A5 50

00A7 51 ; data storage

52

53 DSEG at 20H

54 CAN_INT_IMAGE: DS 1

00A9 55

00AB 56 BSEG at 00H

00AD 57 CAN_INT_RX: DBIT 1 ; = CAN_INT_IMAGE.0

58 CAN_INT_TX: DBIT 1 ; = CAN_INT_IMAGE.1

59 CAN_INT_KR: DBIT 1 ; = CAN_INT_IMAGE.2

60 CAN_INT_OV: DBIT 1 ; = CAN_INT_IMAGE.3

61 CAN_INT_WK: DBIT 1 ; = CAN_INT_IMAGE.4

62

63 ;********************************************************************************************************

64 ;CAN-controller interrupt-handler

00AE 65 ;

00AF 66 ;Only the receive-interrupt is coded.

67 ;

00B0 68 ;*******************************************************************************************************

69

70 CSEG at 080H

71

LOC OBJ LINE SOURCE
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