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High-Speed Microcontroller User’s Guide:
DS80C390 Supplement

This document is provided as a supplement to the High-Speed Microcontroller User's Guide, covering new or
modified features specific to the DS80C390. This document must be used in conjunction with Dallas
Semiconductor’'s High-Speed Microcontroller User’'s Guide. Addenda are arranged by the section numbers
that correspond to sections in the High-Speed Microcontroller User’s Guide.

The following additions and changes, with respect to the High-Speed Microcontroller User’s Guide, are contained in
this document. This document is a work in progress, and updates/additions are added when available.
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ADDENDUM TO SECTION 2: ORDERING INFORMATION

The high-speed microcontroller family follows the part numbering convention shown below. Note that all
combinations of devices are not currently available. Please refer to individual data sheets for the available
versions.

DS80C390—FCR|

SPEED: 18MHz
25MHz
33MHz

40MHz

Ao

0°C to +70°C
-40°C to +85°C

TEMPERATURE:

PLASTIC
PLCC

THIN PLASTIC QUAD FLAT PACK (TQFP)
PLASTIC QUAD FLAT PACK (PQFP)
WINDOWED CERDIP

WINDOWED CERQUAD

PACKAGE:

RETHOZ ZO

— OPERATING VOLTAGE: 0 +5V
+3V OR WIDE VOLTAGE

[98)

ROMless
ROM
7 EPROM

MEMORY TYPE:

()

(8]
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ADDENDUM TO SECTION 4: PROGRAMMING MODEL

The DS80C390 microprocessor is based on the industry standard 80C52. The core is an accumulator-
based architecture using internal registers for data storage and peripheral control. It executes the standard
8051 instruction set. This section provides a brief description of each architecture feature. Details
concerning the programming model, instruction set, and register description are provided in Section 4.

The high-speed microcontroller uses several distinct memory areas. These are registers, program
memory, and data memory. Registers serve to control on-chip peripherals and as RAM. Note that
registers (on-chip RAM) are separate from data memory. Registers are divided into three categories
including directly addressed on-chip RAM, indirectly addressed on-chip RAM, and Special Function
Registers. The program and data memory areas are discussed under Memory Map. The Registers are
discussed under Registers Map.

MEMORY MAP

The DS80C390 microprocessor uses a memory addressing scheme that separates program memory
(ROM) from data memory (RAM). Each area is accessed by a 20-bit address bus and four chip enables,
allowing a maximum address space of 4MB of program memory and 4MB of data memory. The program
and data segments can overlap since they are accessed in different ways. Program memory is fetched by
the microprocessor automatically. These addresses are never written by software. There is one instruction
(MOVC) that is used to explicitly read the program area. This is commonly used to read lookup tables.
The data memory area is accessed explicitly using the MOVX instruction. This instruction provides
multiple ways of specifying the target address.

REGISTER MAP

The register map is separate from the program and data memory areas mentioned above. A separate class
of instructions is used to access the registers. There are 256 potential register location values. In
practice, the high-speed microcontroller has 256 bytes of Scratchpad RAM and up to 128 Special
Function Registers (SFRs). This is possible since the upper 128 Scratchpad RAM locations can only be
accessed indirectly. That is, the contents of a Working Register (described below) will designate the
RAM location. Thus a direct reference to one of the upper 128 locations must be an SFR access. Direct
RAM is reached at locations 0 to 7Fh (0 to 127). SFRs are accessed directly between 80h and FFh (128
to 255). The RAM locations between 128 and 255 can be reached through an indirect reference to those
locations.

Scratchpad RAM is available for general-purpose data storage. It is commonly used in place of off-chip
RAM when the total data contents are small. When off-chip RAM is needed, the Scratchpad area will still
provide the fastest general-purpose access. Within the 256 bytes of RAM, there are several special
purpose areas. These are described as follows:

BIT ADDRESSABLE LOCATIONS

In addition to direct register access, some individual bits in both the RAM and SFR area are also
accessible. In the Scratchpad RAM area, registers 20h to 2Fh are bit addressable. This provides 126 (16 *
8) individual bits available to software. The type of instruction distinguishes a bit access from a full
register access. In the SFR area, any register location ending in a 0 or 8 is bit addressable.

WORKING REGISTERS

As part of the lower 128 bytes of RAM, there are four banks of general-purpose Working Registers, each
bank containing registers RO through R7. The bank is selected by bits in the Program Status Word
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register. Since there are four banks, the currently selected bank will be used by any instruction using RO-
R7. This allows software to change context by simply switching banks. The Working Registers also
allow their contents to be used for indirect addressing of the upper 128 bytes of RAM. Thus an instruction
can designate the value stored in RO (for example) to address the upper RAM. This value might be the
result of another calculation.

STACK

Another use of the Scratchpad area is for the programmer’s stack. This area is selected using the Stack
Pointer (SP,81h) SFR. Whenever a call or interrupt is invoked, the return address is placed on the stack. It
also is available to the programmer for variables, etc. The Stack Pointer will default to 07h on reset, but
can be relocated as needed. A convenient location would be the upper RAM area (>7Fh) since this is only
available indirectly. The SP will point to the last used value. Therefore, the next value placed on the Stack
is put at SP + 1. Each PUSH or CALL will increment the SP by the appropriate value. Each POP or RET
will decrement as well.

The DS80C390 supports an optional 10-bit (1kB) stack. This greatly increases programming efficiency
and allows the device to support large programs. When enabled by setting the Stack Address (SA) bit in
the ACON register, the lower 1kB of the 4kB internal SRAM becomes the memory location used by all
instructions that affect the stack. The 10-bit address is formed by concatenating the lower 2 bits of the
Extended Stack Pointer (ESP;9Bh) and the 8-bit Stack Pointer (SP;81h). The exact address of the 1kB is
dependent on the setting of the IDM1-0 bits. The 10-bit stack feature is not supported when the 4kB
SRAM is configured as combined program/data memory (IDM1 = IDMO = 1).
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Figure 4-1. DS80C390 MEMORY MAP (DEFAULT SETTINGS)

Program Data
Memory Memory
3FFFFFh
External Internal Internal
MOVX Data ... memory Register/
Memory Scratchpad
100000h T
3 KB MOVX /| Indirect RAM2’
Memory J/ /
FFh ¢
Internal :
I
Ext | 00F400h Spec!a
Program @5@3@ 1 KB MOVX or Function /
Memory Stack Memory Registers’ J/
00F000h 80h /
CAN 1 _ _
Data Memory Direct and Bit-
00EFO00h addressable
. CANO RAM
00EEOOh “~~._ | Data Memory
External 00EEOOh 0on
MOVX Data " These locations addressible
via direct addressing modes,
Memory i.e., MOV CKCON, #80h
000000h 2 These locations addressible
via direct addressing modes,
i.e., ANL A, @RO
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SPECIAL FUNCTION REGISTERS

Most of the unique features of the high-speed microcontroller family are controlled by bits in special
function registers (SFRs) located in unused locations in the 8051 SFR map. This allows for increased
functionality while maintaining complete instruction set compatibility. The SFRs reside in register
locations 80h-FFh and are accessed using direct addressing. SFRs that end in 0 or 8 are bit addressable.

The first table indicates the names and locations of the SFRs used by the DS80C390 and individual bits in
those registers. Bits protected by the timed-access function are shaded. The second table indicates the
reset state of all SFR bits. Following these tables is a complete description of DS80C390 SFRs that are
new to the 8051 architecture or have new or modified functionality.

Table 4-1. SPECIAL FUNCTION REGISTER LOCATION

REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT 0 ADDRESS
P4 A19/P4.7 | A18/P4.6 | A17/P4.5 | A16/P4.4 | CE3/P43 | CE2/P42 | CE1/P4.1 | CEO/P4.0 | 80h
SP 81h
DPL 82h
DPH 83h
DPLI1 84h
DPHI 85h
DPS D1 DO TSL — — — — SEL 86h
PCON | SMOD 0 | SMODO | OFDF OFDE GF1 GF0 STOP IDLE 87h
TCON TF1 TR1 TFO TRO IE1 IT1 1EO ITO 88h
TMOD | GATE /T MI MO GATE /T Ml MO 89h
TLO 8Ah
TLI1 8Bh
THO 8Ch
THI 8Dh
CKCON | WDI WDO M TIM TOM MD2 MDI1 MDO 8Eh
Pl INT5/P1.7 | INT4/P1.6 | INT3/P1.5 | INT2/P1.4 | TXD1/P1.3|RXD1/P1.2| T2EX/P1.1| T2/P1.0 90h
EXIF 1E5 1E4 1E3 1E2 CKRY | RGMD RGSL BGS 91h
PACNT — SBCAN | PACNT.5 | PACNT.4 | PACNT.3 | PACNT.2 | PACNT.l | PACNT.0 | 92h
DPX 93h
DPX1 95h
CORMSO 96h
CORMSI 97h
SCONO |SMO/FE 0| SMI1 0O | SM20 | RENO | TBS 0 RBS 0 TI 0 RI 0 98h
SBUF0 99h
RID 9Ah
ESP — — — — — — ESP.1 ESP.0 9Bh
AP 9Ch
ACON — — — — — SA AMI1 AMO 9Dh
COTMAO 9Eh
COTMALI 9Fh
P2 A15/P2.7 | A14/P2.6 | A13/P2.5 | A12/P2.4 | ALI/P23 | AlO/P22 | A9/P2.1 | A8P2.0 | AOh
P5 PCE3/P5.7| PCE2 /P5.6| PCEL /P5.5| PCE0/P5.4| C1TX/P5.3 | CIRX/P5.2 | CORX/P5.1 | COTX/P5.0| Alh
PSCNT | CANIBA | CANOBA | SPIEC | C1 /O | CO /O | PSCNT.2 | PSCNT.1 | PSCNT.0 | A2h
CoC ERIE STIE PDE — CRST | AUTOB | ERCS SWINT A3h
C0S | BUSOFF | CECE WKS RXS TXS ER2 ER1 ERO Adh
COIR | INTIN7 | INTIN6 | INTIN5 | INTIN4 | INTIN3 | INTIN2 | INTINI | INTINO Ash
COTE A6h
CORE A7h
IE EA ESI ET2 ESO ETI EXI1 ETO EX0 A8h
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REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 ADDRESS
SADDRO ASh
SADDRI AAh

COMIC | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP ABh
COM2C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP ACh
COM3C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP ADh
COM4C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP AEh
COM5C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP AFh
P3 RD/P3.7 | WR/P3.6 | TI/P3.5 | TO/P3.4 |INTI/P3.3 | INTO/P3.2 |[TXDO/P3.1[RXDO/P3.0| BOh
COM6C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP B3h
COM7C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP B4h
COMSC | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP B5h
COM9C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP B6h
COM10C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP B7h
IP — PS1 PT2 PSO PTI PX1 PTO PX0 Bsh
SADENO Boh
SADENI BAh
COMIIC | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP BBh
COMI12C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP BCh
COMI3C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP BDh
COM14C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP BEh
COMI5C | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP BFh
SCONI |SMOFE 1| SMI | SM2 1 | REN | TBS 1 RBS | TI 1 RI | COh
SBUF1 Clh
PMR CDI1 CDO SWB CTM 4X/2X | ALEOFF — — C4h
STATUS PIP HIP LIP — SPTAI SPRAI | SPTAO | SPRAO C5h
MCON IDM1 IDMO CMA — PDCE3 | PDCE2 | PDCEl | PDCEO C6h
TA C7h
T2CON TF2 EXF2 RCLK TCLK | EXEN2 TR2 /T2 CP/RL2 C8h
T2MOD — — — DI3TI DI3T2 — T20E DCEN Ch
RCAP2L CAh
RCAP2H CBh
TL2 CCh
TH2 CDh
COR | IRDACK | CIBPR7 | CIBPR6 | COBPR7 | COBPR6 | CODI CODO | CLKOE | CEh
PSW cY AC FO RS RSO oV Fl P DOh
MCNTO | LSHIFT CSE SCE MAS4 MAS3 MAS2 MASI MASO Dlh
MCNTI MST MOF SCB CLM — — — — D2h
MA D3h
MB D4h
MC Dsh
CIRMS0 D6h
CIRMSI D7h
WDCON | SMOD 1 POR EPF1 PF1 WDIF WTRF EWT RWT D8h
CITMAO DEh
CITMALI DFh
ACC EOh
CIC ERIE STIE PDE — CRST | AUTOB | ERCS SWINT E3h
CIS | BUSOFF | CECE WKS RXS TXS ER2 ER1 ERO E4h
CIIR | INTIN7 | INTIN6 | INTINS | INTIN4 | INTIN3 | INTIN2 | INTINI | INTINO Esh
CITE E6h
CIRE E7h
EIE CANBIE | COIE CIIE EWDI EX5 EX4 EX3 EX2 ESh
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REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 ADDRESS
MXAX EAh
CIMIC | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP EBh
CIM2C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP ECh
CIM3C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP EDh
CiM4C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP EEh
CIM5C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP EFh

B FOh
CIM6C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP F3h
CIM7C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP F4h
CIM8C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP F5h
CIM9C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP F6h

CIM10C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH DTUP F7h
EIP CANBIP COIP CI1IP PWDI PX5 PX4 PX3 PX2 F8h
CIM11IC | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH DTUP FBh
CIM12C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH DTUP FCh
CIMI13C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP FDh
CIMI14C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP FEh
CIMI5C | MSRDY ETI ERI INTRQ EXTRQ MTRQ | ROW/TIH | DTUP FFh
Table 4-2. SPECIAL FUNCTION REGISTER RESET VALUES
REGISTER BIT 7 BIT 6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 ADDRESS
P4 1 1 1 1 1 1 1 1 80h
SP 0 0 0 0 0 1 1 1 81h
DPL 0 0 0 0 0 0 0 0 82h
DPH 0 0 0 0 0 0 0 0 83h
DPL1 0 0 0 0 0 0 0 0 84h
DPH1 0 0 0 0 0 0 0 0 85h
DPS 0 0 0 0 0 1 0 0 86h
PCON 0 0 SPECIAL | SPECIAL 0 0 0 0 87h
TCON 0 0 0 0 0 0 0 0 88h
TMOD 0 0 0 0 0 0 0 0 8%h
TLO 0 0 0 0 0 0 0 0 8Ah
TL1 0 0 0 0 0 0 0 0 8Bh
THO 0 0 0 0 0 0 0 0 8Ch
THI1 0 0 0 0 0 0 0 0 8Dh
CKCON 0 0 0 0 0 0 0 1 8Eh
P1 1 1 1 1 1 1 1 1 90h
EXIF 0 0 0 0 SPECIAL | SPECIAL | SPECIAL 0 91h
P4CNT 1 0 1 1 1 1 1 1 92h
DPX 0 0 0 0 0 0 0 0 93h
DPX1 0 0 0 0 0 0 0 0 95h
CORMSO0 0 0 0 0 0 0 0 0 96h
CORMSI 0 0 0 0 0 0 0 0 97h
SCONO 0 0 0 0 0 0 0 0 98h
SBUFO0 0 0 0 0 0 0 0 0 9%h
RID SPECIAL | SPECIAL | SPECIAL | SPECIAL | SPECIAL | SPECIAL | SPECIAL | SPECIAL 9Ah
ESP 1 1 1 1 1 1 0 0 9Bh
AP 0 0 0 0 0 0 0 0 9Ch
ACON 1 1 1 1 1 0 0 0 9Dh
COTMAO 0 0 0 0 0 0 0 0 9Eh
CO0TMAL 0 0 0 0 0 0 0 0 9Fh
P2 1 1 1 1 1 1 1 1 AOh
P5 1 1 1 1 1 1 1 1 Alh
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REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 ADDRESS
PSCNT 0 0 0 0 0 0 0 0 A2h
CoC 0 0 0 0 1 0 0 1 A3h
C0S 0 0 0 0 0 0 0 0 A4dh
COIR 0 0 0 0 0 0 0 0 AS5h
COTE 0 0 0 0 0 0 0 0 Abh
CORE 0 0 0 0 0 0 0 0 A7h
IE 0 0 0 0 0 0 0 0 A8h
SADDRO 0 0 0 0 0 0 0 0 A%h
SADDRI1 0 0 0 0 0 0 0 0 AAh
COMIC 0 0 0 0 0 0 0 0 ABh
COM2C 0 0 0 0 0 0 0 0 ACh
COM3C 0 0 0 0 0 0 0 0 ADh
COM4C 0 0 0 0 0 0 0 0 AEh
COMSC 0 0 0 0 0 0 0 0 AFh
P3 1 1 1 1 1 1 1 1 BOh
COM6C 0 0 0 0 0 0 0 0 B3h
COM7C 0 0 0 0 0 0 0 0 B4h
COMSC 0 0 0 0 0 0 0 0 B5h
COMOC 0 0 0 0 0 0 0 0 B6h
COM10C 0 0 0 0 0 0 0 0 B7h
IP 1 0 0 0 0 0 0 0 B8h
SADENO 0 0 0 0 0 0 0 0 B9h
SADEN1 0 0 0 0 0 0 0 0 BAh
COMI11C 0 0 0 0 0 0 0 0 BBh
COM12C 0 0 0 0 0 0 0 0 BCh
COM13C 0 0 0 0 0 0 0 0 BDh
COM14C 0 0 0 0 0 0 0 0 BEh
COMI15C 0 0 0 0 0 0 0 0 BFh
SCONI 0 0 0 0 0 0 0 0 COh
SBUF1 0 0 0 0 0 0 0 0 Clh
PMR 1 0 0 0 0 0 1 1 C4h
STATUS 0 0 0 1 0 0 0 0 Csh
MCON 0 0 0 1 0 0 0 0 Céh
TA 1 1 1 1 1 1 1 1 C7h
T2CON 0 0 0 0 0 0 0 0 C8h
T2MOD 1 1 1 0 0 1 0 0 C%h
RCAP2L 0 0 0 0 0 0 0 0 CAh
RCAP2H 0 0 0 0 0 0 0 0 CBh
TL2 0 0 0 0 0 0 0 0 CCh
TH2 0 0 0 0 0 0 0 0 CDh
COR 0 0 0 0 0 0 0 0 CEh
PSW 0 0 0 0 0 0 0 0 DOh
MCNTO 0 0 0 0 0 0 0 0 Dl1h
MCNTI 0 0 1 0 1 1 1 1 D2h
MA 0 0 0 0 0 0 0 0 D3h
MB 0 0 0 0 0 0 0 0 D4h
MC 0 0 0 0 0 0 0 0 D5h
CIRMSO0 0 0 0 0 0 0 0 0 D6h
CIRMSI 0 0 0 0 0 0 0 0 D7h
WDCON 0 SPECIAL 0 SPECIAL 0 SPECIAL | SPECIAL 0 D8h
CITMAO 0 0 0 0 0 0 0 0 DEh
CITMALI 0 0 0 0 0 0 0 0 DFh
ACC 0 0 0 0 0 0 0 0 EOh
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REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 ADDRESS
CI1C 0 0 0 0 1 0 0 1 E3h
CIS 0 0 0 0 0 0 0 0 E4h
CIIR 0 0 0 0 0 0 0 0 E5h

CITE 0 0 0 0 0 0 0 0 E6h
CIRE 0 0 0 0 0 0 0 0 E7h
EIE 0 0 0 0 0 0 0 0 E8h
MXAX 0 0 0 0 0 0 0 0 EAh
CIMIC 0 0 0 0 0 0 0 0 EBh
CIM2C 0 0 0 0 0 0 0 0 ECh
CIM3C 0 0 0 0 0 0 0 0 EDh
CIM4C 0 0 0 0 0 0 0 0 EEh
CIMSC 0 0 0 0 0 0 0 0 EFh
B 0 0 0 0 0 0 0 0 FOh
CIM6C 0 0 0 0 0 0 0 0 F3h
CIM7C 0 0 0 0 0 0 0 0 F4h
CIMSC 0 0 0 0 0 0 0 0 F5h
CIMOC 0 0 0 0 0 0 0 0 F6h
CIMI10C 0 0 0 0 0 0 0 0 F7h
EIP 0 0 0 0 0 0 0 0 F8h
CIMI11C 0 0 0 0 0 0 0 0 FBh
CIMI2C 0 0 0 0 0 0 0 0 FCh
CIMI13C 0 0 0 0 0 0 0 0 FDh
CIM14C 0 0 0 0 0 0 0 0 FEh
CIMISC 0 0 0 0 0 0 0 0 FFh
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PORT 4 (P4)

SFR 80h

P4.7-P4.0

Al19
Bit 7

Al8
Bit 6

Al17
Bit 5

Alé6
Bit 4

CE3
Bit 3

CE2
Bit 2

CE1l
Bit 1

CE0
Bit 0

7

6 5 4 3 2 1 0

A19/P4.7

A18/P4.6 | A17/P4.5 | A18/P4.4 | CE3/P4.3 | CE2/P4.2 | CE1/P4.1 | CE0/P4.0

RW-0

RW-0 RW-0 RW-0 RW-1 RW-1 RW-1 RW-1
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Port 4. This port functions as a general-purpose I/O port. In addition, all the pins
have an alternative function associated with the memory interface described
below. The selection of general I/O or memory interface function for the Port 4
pins is controlled by the PACNT(92h) register. Port pins configured as I/O will
reflect the state of the corresponding port pin. Port pins assigned to memory
interface functions will appear as 1 when read. The associated SFR bit must be
programmed to logic one before the pin can be used in its alternate function
capacity. The reset state of this register and the PACNT register will configure the
device to so that A19-A16 function as address lines and CEO—CE3 are active.

The first opcode fetch following a reset will therefore be at 00000h with CEO
asserted.

Program/Data Memory Address 19. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the A19 memory signal.

Program/Data Memory Address 18. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the A18 memory signal.

Program/Data Memory Address 17. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the A17 memory signal.

Program/Data Memory Address 16. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the A16 memory signal.

Program Memory Chip Enable 3. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the CE3 memory signal.

Program Memory Chip Enable 2. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the CE2 memory signal.

Program Memory Chip Enable 1. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the CE1 memory signal.

Program Memory Chip Enable 0. When this bit is set to a logic one and the
P4CNT register is configured correctly, the corresponding device pin will
represent the CEO memory signal.

14 of 158




High-Speed Microcontroller User's Guide: DS80C390 Supplement

STACK POINTER (SP)

7 6 5 4 3 2 1 0
SFR 81h SP.7 SP.6 SP.5 SP.4 SP.3 SP.2 SP.1 SP.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-1 RW-1 RW-1
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
SP.7-0 Stack Pointer. This stack pointer identifies current location of the stack. The
Bits 7-0 stack pointer is incremented before every PUSH operation. This register defaults
to 07h after reset. When the 10-bit stack is enabled (SA=1), this register will be

combined with the extended stack pointer (ESP;9Bh) to form the 10-bit address.

DATA POINTER LOW 0 (DPL)

7 6 5 4 3 2 1 0
SFR 82h DPL.7 DPL.6 DPL.5 DPL .4 DPL.3 | DPL.2 DPL.1 DPL.O
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
DPL.7-0 Data Pointer Low 0. This register is the low byte of the standard 80C32 16-bit
Bits 7-0 data pointer. DPL and DPH are used to point to non-scratchpad data RAM.
DATA POINTER HIGH 0 (DPH)
7 6 5 4 3 2 1 0
SFR 83h | DPH.7 DPH.6 DPH.5 DPH.4 DPH.3 | DPH.2 DPH.1 DPH.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
DPH.7-0 Data Pointer High 0. This register is the high byte of the standard 80C32 16-bit
Bits 7-0 data pointer. DPL and DPH are used to point to non-scratchpad data RAM.
DATA POINTER LOW 1 (DPL1)
7 6 5 4 3 2 1 0
SFR 84h | DPL1.7 | DPLI1.6 DPL1.5 DPL1.4 DPL1.3 | DPL1.2 DPL1.1 DPL1.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W =Unrestricted Write, -n = Value after Reset
DPL1.7-0 Data Pointer Low 1. This register is the low byte of the auxiliary 16-bit data
Bits 7-0 pointer. When the SEL bit (DPS.0) is set, DPL1 and DPH1 are used in place of

DPL and DPH during DPTR operations.
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DATA POINTER HIGH 1 (DPH1)

SFR 85h

DPH1.7-0
Bits 7-0

7 6 5 4 3 2 1 0
DPH1.7 | DPHI1.6 | DPH1.5 | DPH1.4 | DPH1.3 | DPHI1.2 DPHI1.1 | DPHI.O
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Data Pointer High 1. This register is the high byte of the auxiliary 16-bit data
pointer. When the SEL bit (DPS.0) is set, DPL1 and DPH1 are used in place of
DPL and DPH during DPTR operations.

DATA POINTER SELECT (DPS)

SFR 86h

ID1, IDO
Bits 7-6

TSL
Bit 5

Bits 4-1
SEL
Bit 0

7 6 5 4 3 2 1 0
ID1 IDO TSL 0 0 1 0 SEL
RW-0 RW-0 RW-0 R-0 R-0 R-1 R-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Increment/Decrement Function Select. These bits define whether the INC
DTPR instruction will increment or decrement the active data pointer as selected
by the SEL bit.

ID1 IDO0 SEL =0 SEL =1
0 0 Increment DPTR Increment DPTR1
0 1 Decrement DPTR Increment DPTR 1
1 0 Increment DPTR Decrement DPTR1
1 1 Decrement DPTR Decrement DPTR 1

Toggle Select Enable. When set, this bit allows the following five DPTR-
related instructions to toggle the SEL bit following execution of the
instruction. When TSL = 0, DPTR-related instructions will not affect the
state of the SEL bit. DPTR-related instructions are:

INC DPTR

MOV DPTR, #dat al6/#data22
MOVC A, @\+DPTR

MOVX @PTR, A

MOVX A, @PTR

Reserved

Data Pointer Select. This bit selects the active data pointer.

0 = Instructions that use the DPTR will use DPL, DPH, DPX.

1= Instructions that use the DPTR will use DPL1 and DPH1, DPXI.
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POWER CONTROL (PCON)
7 6 5 4 3 2 1 0
SFR 87h | SMOD 0 | SMODO OFDF ODFE FGI1 FGO STOP IDLE
RW-0 RW-0 RW-0* RW-0 RW-0 RW-0 RW-0 RW-0

SMOD 0
Bit 7

SMODO0
Bit 6

OFDF
Bit 5

OFDE
Bit 4

GF1
Bit 3
GFo0
Bit 2
STOP
Bit 1

IDLE
Bit 0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset, * = See description

Serial Port 0 Baud Rate Doubler Enable. This bit enables/disables the
serial baud rate doubling function for Serial Port 0.
0 = Serial Port 0 baud rate will be that defined by baud rate generation
equation.
1 = Serial Port 0 baud rate will be double that defined by baud rate generation
equation.
Framing Error Detection Enable. This bit selects function of the
SCONO0.7 and SCON1.7 bits.
0 = SCONO0.7 and SCON1.7 control the SMO function defined for the
SCONO and SCONT1 registers.
1 = SCONO0.7 and SCON1.7 are converted to the Framing Error (FE) flag for the
respective Serial Port.
Oscillator Fail Detect Flag. When set, this bit indicates that the preceding reset
was caused by the detection of the crystal oscillator frequency falling below
approximately 30kHz while the OFDE bit was set. This bit must be cleared by
software. This bit not altered (and no reset will be generated) under the following
conditions:
1. OFDE=0
2. An oscillator halt associated with entering Stop mode.
3. An oscillator halt associated with running from the internal ring oscillator.
Oscillator-Fail Detect Enable. When the OFDE = 1, a system reset is generated
any time the crystal oscillator frequency falls below approximately 30kHz. When
the OFDE bit is cleared to logic 0, no reset is issued when the crystal falls below
30kHz. The OFDE is cleared to logic 0 by any reset source.
General-Purpose User Flag 1. This is a bit-addressable, general-purpose flag for
software control.
General-Purpose User Flag 0. This is a bit-addressable, general-purpose flag for
software control.
Stop Mode Select. Setting this bit stops program execution, halts the CPU
oscillator and internal timers, and places the CPU in a low-power mode. This bit
is cleared and operation resumed by an external reset, or execution of an enabled
external interrupt. This bit is always read as 0. Setting this bit while IDLE = 1
places the device in an undefined state. Setting this bit also clears the CTM bit.

This bit cannot be set while eithe rCAN module is active, i.e., SWINT = CRST =
PDE = 0, or if there is any CAN bus activity while CO I/O=1,0or C1 I/O=1.
The following sequence should be used to activate Stop mode.

1. Set (CRST or SWINT or PDE) = 1 for both CAN:ss,

2. Clear all CAN bus activity bits for both CANs,

3. Set Stop=1.

Idle Mode Select. Setting this bit stops program execution but leaves the CPU
oscillator, timers, serial ports, and interrupts active. This bit is always reads as 0.
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TIMER/COUNTER CONTROL (TCON)

SFR 88h

TF1
Bit 7

TR1
Bit 6

TF0
Bit 5

TRO
Bit 4

IE1
Bit 3

IT1
Bit 2

1IE0
Bit 1

ITO
Bit 0

7 6 5 4 3 2 1 0
TF1 TRI1 TFO TRO IE1 IT1 IEO ITO
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Timer 1 Overflow Flag. This bit indicates when Timer 1 overflows its
maximum count as defined by the current mode. This bit can be cleared by
software and is automatically cleared when the CPU vectors to the Timer 1
interrupt service routine.

0 = No Timer 1 overflow has been detected.

1 = Timer 1 has overflowed its maximum count.

Timer 1 Run Control. This bit enables/disables the operation of Timer 1.
0 = Timer 1 is halted.

1 = Timer 1 is enabled.

Timer 0 Overflow Flag. This bit indicates when Timer 0 overflows its
maximum count as defined by the current mode. This bit can be cleared by
software and is automatically cleared when the CPU vectors to the Timer 0
interrupt service routine or by software.

0 = No Timer 0 overflow has been detected.

1 = Timer 0 has overflowed its maximum count.

Timer 0 Run Control. This bit enables/disables the operation of Timer 0.
0 = Timer 0 is halted.

1 = Timer 0 is enabled.

Interrupt 1 Edge Detect. This bit is set when an edge/level of the type defined
by IT1 is detected. If IT1=1, this bit will remain set until cleared in software or
the start of the External Interrupt 1 service routine. If IT1=0, this bit will

inversely reflect the state of the INTI pin.

Interrupt 1 Type Select. This bit selects whether the INTI pin will detect edge
or level triggered interrupts.

0= INTI is level triggered.
1 = INTI is edge triggered.
Interrupt 0 Edge Detect. This bit is set when an edge/level of the type defined

by ITO is detected. If ITO=1, this bit will remain set until cleared in software or
the start of the External Interrupt O service routine. If ITO=0, this bit will

inversely reflect the state of the INTO pin.

Interrupt 0 Type Select. This bit selects whether the INTO pin will detect edge
or level triggered interrupts.

0= INTO is level triggered.
1 = INTO is edge triggered.
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TIMER MODE CONTROL (TMOD)
7 6 5 4 3 2 1 0

SFR 89h | GATE C/T Ml MO GATE C/T Ml MO

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

GATE Timer 1 Gate Control. This bit enable/disables the ability of Timer 1 to
Bit 7 increment.

0 = Timer 1 will clock when TR1=1, regardless of the state of INTI.
1 = Timer 1 will clock only when TR1=1 and INT1=I.

C/T Timer 1 Counter/Timer Select.
Bit 6 0 = Timer 1 is incremented by internal clocks.

1 = Timer 1 is incremented by pulses on T1 when TR1 (TCON.6) is 1.
M1, MO Timer 1 Mode Select. These bits select the operating mode of Timer 1.
Bits 5-4 M1 MO  Mode

0 0 Mode 0: 8 bits with 5-bit prescale

0 1 Mode 1: 16 bits

1 0 Mode 2: 8 bits with auto-reload

1 1 Mode 3: Timer 1 is halted, but holds its count
GATE Timer 0 Gate Control. This bit enables/disables that ability of Timer 0 to
Bit 3 increment.

0 = Timer 0 will clock when TR0O=1, regardless of the state of INTO.
1 = Timer 0 will clock only when TRO=1 and INTO=1.
C/T Timer 0 Counter/Timer Select.

Bit 2 0 = Timer incremented by internal clocks.

1 = Timer 1 is incremented by pulses on TO when TRO (TCON.4) is 1.

M1, M0 Timer 0 Mode Select. These bits select the operating mode of Timer 0.

Bits 1-0 When Timer 0 is in mode 3, TLO is started/stopped by TRO and THO is
started/stopped by TR1. Run control from Timer 1 is then provided by the

Timer 1 mode selection.

M1 MO Mode

0 0 Mode 0: 8 bits with 5-bit prescale

0 1 Mode 1: 16 bits

1 0 Mode 2: 8 bits with auto-reload

1 1 Mode 3: Timer 0 is two 8-bit counters.

19 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

TIMER 0 LSB (TLO)

SFR 8Ah

TLO0.7-0
Bits 7-0

TIMER 1 LSB (TL1)

SFR 8Bh

TL1.7-0
Bits 7-0

TIMER 0 MSB (THO)

SFR 8Ch

THO.7-0
Bits 7-0

TIMER 1 MSB (TH1)

SFR 8Dh

TH1.7-0
Bits 7-0

7 6 5 4 3 2 1 0
TLO.7 TLO.6 TLO.5 TLO.4 TLO.3 TLO.2 TLO.1 TLO.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
Timer 0 LSB. This register contains the least significant byte of Timer 0.

7 6 5 4 3 2 1 0
TL1.7 TL1.6 TL1.5 TL1.4 TL1.3 TL1.2 TL1.1 TL1.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
Timer 1 LSB. This register contains the least significant byte of Timer 1.

7 6 5 4 3 2 1 0
THO.7 THO.6 THO.5 THO.4 THO.3 THO.2 THO.1 THO.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
Timer 0 MSB. This register contains the most significant byte of Timer 0.

7 6 5 4 3 2 1 0
TH1.7 TH1.6 THI1.5 TH1.4 TH1.3 TH1.2 THI1.1 TH1.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
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CLOCK CONTROL (CKCON)

7

6 5 4 3 2 1 0

SFR 8Eh

WDI1

WDO0 2M TIM TOM MD2 MD1 MDO

WD1, WD0
Bits 7-6

™M
Bit 5

TIM
Bit 4

TOM
Bit 3

RW-0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-1

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Watchdog Timer Mode Select 1-0. These bits select the watchdog timer time-

out period, which determines the timing of the watchdog timer interrupt and the

watchdog timer reset.

WD1 WDO0 Interrupt time-out Reset time-out

0 0 2'7 system clocks 2'7 + 512 system clocks
0 1 2% system clocks 2% + 512 system clocks
1 0 2% system clocks 2% + 512 system clocks
1 1 2% system clocks 2% + 512 system clocks

The system clock relates to the external clock as follows:

Clock Mode External clocks per system clock
Frequency Multiplier (4x) 0.25
Frequency Multiplier (2x) 0.5

Divide-by-4 1
Power Management Mode 256

Timer 2 Clock Select. This bit controls the division of the system clock that
drives Timer 2. This bit has no effect when the timer is in baud rate generator or
clock output modes. Clearing this bit to 0 maintains 80C32 compatibility. This bit
has no effect on instruction cycle timing.

0 = Timer 2 uses a divide-by-12 of the system clock frequency.
1 = Timer 2 uses a divide-by-4 of the system clock frequency.

Timer 1 Clock Select. This bit controls the division of the system clock that
drives Timer 1. Clearing this bit to 0 maintains 80C32 compatibility. This bit has
no effect on instruction cycle timing.

0 = Timer 1 uses a divide-by-12 of the system clock frequency.
1 = Timer 1 uses a divide-by-4 of the system clock frequency.

Timer 0 Clock Select. This bit controls the division of the system clock that
drives Timer 0. Clearing this bit to 0 maintains 80C32 compatibility. This bit has
no effect on instruction cycle timing.

0 = Timer 0 uses a divide-by-12 of the system clock frequency.
1 = Timer 0 uses a divide-by-4 of the system clock frequency.
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MD2, MD1, MD0  Stretch MOVX Select 2-0. These bits select the time by which external MOVX
Bits 2-0 cycles are to be stretched. This allows slower memory or peripherals to be
accessed without using ports or manual software intervention. The RD or WR
strobe will be stretched by the specified interval, which will be transparent to the
software except for the increased time to execute to MOV X instruction. All
internal MOV X instructions are performed at the 2 machine cycle rate.
MD2 MD1 MDO  Stretch Value MOVX Duration
0 0 0 0 2 Machine Cycles
0 0 1 1 3 Machine Cycles (reset default)
0 1 0 2 4 Machine Cycles
0 1 1 3 5 Machine Cycles
1 0 0 4 9 Machine Cycles
1 0 1 5 10 Machine Cycles
1 1 0 6 11 Machine Cycles
1 1 1 7 12 Machine Cycles
PORT 1 (P1)
7 6 5 4 3 2 1 0
SFR 90h P1.7 P1.6 P1.7 P1.4 P1.3 P1.2 P1.1 P1.0
INT5 INT4 INT3 INT2 TXDI1 RXDl1 T2EX T2
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-1
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
P1.7-0 General-Purpose 1/0 Port 1. This register functions as the AO—A7 of the
Bits 7-0 nonmultiplexed address bus (when the MUX pin=1) or a general-purpose I/O
port (when the MUX pin=0). When serving as a general purpose 1/O port all the
pins have an alternative function listed below. P1.2—7 contain functions that are
new to the 80C32 architecture. The Timer 2 functions on pins P1.1-0 are
available on the 80C32, but not the 80C31. Each of the functions is controlled by
several other SFRs. The associated Port 1 latch bit must contain a logic one
before the pin can be used in its alternate function capacity.
INTS External Interrupt 5. A falling edge on this pin will cause an external interrupt 5
Bit 7 if enabled.
INT4 External Interrupt 4. A rising edge on this pin will cause an external interrupt 4
Bit 6 if enabled.
INT3 External Interrupt 3. A falling edge on this pin will cause an external interrupt 3
Bit 5 if enabled.
INT2 External Interrupt 2. A rising edge on this pin will cause an external interrupt 2
Bit 4 if enabled.
TXD1 Serial Port 1 Transmit. This pin transmits the serial port 1 data in serial port
Bit 3 modes 1, 2, 3 and emits the synchronizing clock in serial port mode 0.
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RXD1
Bit 2

T2EX
Bit 1

T2
Bit 0

Serial Port 1 Receive. This pin receives the serial port 1 data in serial port modes
1, 2, 3 and is a bidirectional data transfer pin in serial port mode 0.

Timer 2 Capture/Reload Trigger. A 1 to 0 transition on this pin will cause the
value in the T2 registers to be transferred into the capture registers if enabled by
EXEN2 (T2CON.3). When in autoreload mode, a 1 to 0 transition on this pin will
reload the timer 2 registers with the value in RCAP2L and RCAP2H if enabled
by EXEN2 (T2CON.3).

Timer 2 External Input. A 1 to 0 transition on this pin will cause timer 2
increment or decrement depending on the timer configuration.

EXTERNAL INTERRUPT FLAG (EXIF)

SFR 91h

7 6 5 4 3 2 1 0
IES 1E4 IE3 IE2 CKRY RGMD RGSL BGS
RW-0 RW-0 RW-0 RW-0 R-* R-* RW-* RT-0

R = Unrestricted Read, W = Unrestricted Write, T = Timed Access Write Only, -n = Value after Reset, * = See description

IES
Bit 7

1E4
Bit 6

IE3
Bit 5

1E2
Bit 4

CKRY
Bit 3

RGMD
Bit 2

External Interrupt 5 Flag. This bit will be set when a falling edge is detected on
INT5 . This bit must be cleared manually by software. Setting this bit in software
will cause an interrupt if enabled.

External Interrupt 4 Flag. This bit will be set when a rising edge is detected on
INT4. This bit must be cleared manually by software. Setting this bit in software
will cause an interrupt if enabled.

External Interrupt 3 Flag. This bit will be set when a falling edge is detected on
INT3 This bit must be cleared manually by software. Setting this bit in software
will cause an interrupt if enabled.

External Interrupt 2 Flag. This bit will be set when a rising edge is detected on
INT2. This bit must be cleared manually by software. Setting this bit in software
will cause an interrupt if enabled.

Clock Ready. The CKRY bit indicates the status of the start-up period delay used
by the crystal oscillator and the crystal clock multiplier warm-up period. CKRY =
0 indicates the startup delay is still counting. When the CKRY = 1 the counter has
completed. This bit is cleared each time the CTM bit in the PMR register is
changed from low to high to start the crystal multiplier. Once the CKRY is set,
the lockout is removed on the CD1, CDO bits to select the multiplied crystal clock
as a system clock source. This status bit is also cleared each time the crystal
oscillator is restarted when exiting Stop mode.

Ring Mode Status. This bit indicates the current clock source for the device.
This bit is cleared to 0 after a power-on reset, and unchanged by all other
forms of reset.

0 = Device is operating from the external crystal or oscillator.
1 = Device is operating from the ring oscillator.
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RGSL
Bit 1

BGS
Bit 0

Ring Oscillator Select. This bit selects the clock source following a resume from
Stop mode. Using the ring oscillator to resume from Stop mode allows almost
instantaneous startup. This bit is cleared to 0 after a power-on reset, and
unchanged by all other forms of reset. The state of this bit will be undefined on
devices that do not incorporate a ring oscillator.

0 = The device will hold operation until the crystal oscillator has warmed-up.

1 = The device will begin operating from the ring oscillator, and when the crystal
warm-up is complete, will switch to the external clock source or oscillator.

Bandgap Select. This bit enables/disables the band-gap reference during Stop
mode. Disabling the bandgap reference provides significant power savings in
Stop mode, but sacrifices the ability to perform a power fail interrupt or power-
fail reset while stopped. This bit can only be modified with a timed-access
procedure.

0 =The bandgap reference is disabled in Stop mode but will function during
normal operation.

1 = The bandgap reference will operate in Stop mode.

PORT 4 CONTROL REGISTER (P4CNT)

7

6 5 4 3 2 1 0

SFR 92h

1

SBCAN | PACNT.5 | PACNT.4 | PACNT.3 | PACNT.2 | PACNT.1 | PACNT.0

P4.7-0

Bit 7
SBCAN
Bit 6

P4CNT.5-
P4CNT.3

R-1

RT-0 RT-1 RT-1 RT-1 RT-1 RT-1 RT-1

R = Unrestricted Read, T = Timed Access Write Only, -n = Value after Reset

Port 4 Control Register. This register controls the alternate addressing modes
function of Port 4. Programming this register as shown below will assign the
alternate functions of Port 4. The associated Port 4 SFR bit must be programmed to
a logic one before the pin can be used in its alternate function capacity.

Reserved

Single Bus CAN. Setting this bit connects both CAN receive inputs (CORX and
C1RX) to P5.1 and drives P5.0 with the logical AND of both CAN transmit outputs
(COTX and C1TX). SBCAN=0 disables the feature and allows the CAN modules to
receive/transmit through their respective bus pins. This can be used to create a
single “super” CAN module with 30 message centers.

Port Pin P4.7—4 Configuration Control Bits. Bits 5-0 configure the external
memory control signals. PACNT.5-3 determine whether specific P4 pins function as
A19-A16 or I/O. The number of external address lines enabled establishes the range
for each program chip enable (CEO—3) and data chip enable (PCE0—3). When

P4CNT.5-3=000b, CE0— CE3 are decoded on 32KB block boundaries.

Port 4 Pin Function Max. Memory

P4CNT.5-3 P47 P4.6 P4.5 P4.4 Size per CEx
000 /O /O I/O /O 32 kbytes
100 /O I/O I/O Al6 128 kbytes
101 /O /O Al7 Al6 256 kbytes
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110 /O Al8 Al7 Al6 512 kbytes

111 A19 Al8 Al7 Al6 1 Mbytes
P4CNT.2- Port‘ Pin P4.§-P4.0 Cpnﬁguration Coptrol Bits. P4CNT.2-O determine whether
P4CNT.0 specific P4 pins function as program chip enable signals or I/O. The memory ranges

for each CEx signal are determined by PACNT.5-3. Note that when the appropriate
PDCEx bit (MCON.3-0) is set, the corresponding CEx pin will function as a
combined program/peripheral chip enable, and the respective PCE0—PCE3 will be

disabled.
Port 4 Pin Function
P4CNT.2-0 P4.3 P4.2 P4.1 P4.0
000 /O /O /O /O
100 /O /O /0 CEO0
101 /O 1/0 CEl CE0
110 I/0 CE2 CEl CE0
111 CE3 CE2 CEl CE0

DATA POINTER EXTENDED REGISTER 0 (DPX)

7 6 5 4 3 2 1 0
SFR 93h
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
DPL.7-0 Data Pointer Extended Register 0. This register contains the high-order byte of
Bits 7-0 the 22-bit address (or 23-bit address when CMA=1) when performing operations

with Data Pointer 0. This register is ignored when addressing data memory in the
16-bit addressing mode.

DATA POINTER EXTENDED REGISTER 1 (DPX1)

7 6 5 4 3 2 1 0
SFR 95h
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
DPX.7-0 Data Pointer Extended Register 1. This register contains the high-order byte of
Bits 7-0 the 22-bit address (or 23-bit address when CMA=1) when performing operations

with Data Pointer 1. This register is ignored when addressing data memory in the
16-bit addressing mode.

25 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

CAN 0 RECEIVE MESSAGE STORED REGISTER 0 (CORMSO0)

7 6 5 4 3 2 1 0
SFR 96h | CORMSO0.7 | CORMS0.6 | CORMS0.5 | CORMS0.4 | CORMS0.3 | CORMSO0.2 | CORMS0.1 | CORMS0.0 |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

R = Unrestricted Read, -n = Value after Reset

CAN 0 Receive Message Stored Register 0. This register indicates which of
CAN 0 message centers 1-8 have successfully received and stored a message
since the last read of this register. A logic one in a location indicates a message
has been received and stored for that message center. This register is
automatically cleared to 00h when read. This register should always be read in
conjunction with the CORMSI1 register to ascertain the status of all message

centers.
CORMSO0.7 Message Center 8, Message Received and Stored
Bit 7
CORMSO0.6 Message Center 7, Message Received and Stored
Bit 6
CORMSO0.5 Message Center 6, Message Received and Stored
Bit 5
CORMS0.4 Message Center S5, Message Received and Stored
Bit 4
CORMSO0.3 Message Center 4, Message Received and Stored
Bit 3
CORMSO0.2 Message Center 3, Message Received and Stored
Bit 2
CORMSO.1 Message Center 2, Message Received and Stored
Bit 1
CORMSO0.0 Message Center 1, Message Received and Stored
Bit 0
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CAN 0 RECEIVE MESSAGE STORED REGISTER 1 (CORMS1)

7 6 5 4 3 2 1 0
SFR 97h
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, -n = Value after Reset
CAN 0 Receive Message Stored Register 1. This register indicates which of
CAN 0 message centers 9-15 have successfully received and stored a message
since the last read of this register. A logic one in a location indicates a message
has been received and stored for that message center. This register is
automatically cleared to 00h when read. This register should always be read in
conjunction with the CORMSO register to ascertain the status of all message
centers.
Bit 7 Reserved
CORMSI1.6 Message Center 15, Message Received and Stored
Bit 6
CORMSI1.5 Message Center 14, Message Received and Stored
Bit 5
CORMS1.4 Message Center 13, Message Received and Stored
Bit 4
CORMS1.3 Message Center 12, Message Received and Stored
Bit 3
CORMS1.2 Message Center 11, Message Received and Stored
Bit 2
CORMSI1.1 Message Center 10, Message Received and Stored
Bit 1
CORMS1.0 Message Center 9, Message Received and Stored
Bit 0
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SERIAL PORT 0 CONTROL (SCONO0)

7

6 5 4 3 2 1 0

SFR 98h

SMO/FE 0 | SM1 0 | SM2 0 | RENO | TBS O | RB80O | TI 0 RI1 0

SM0-2
Bits 7-5

SMO/FE_0
Bit 7

SM1 0
Bit 6

SM2 0
Bit 5

REN 0
Bit 4

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
Serial Port Mode. These bits control the mode of serial port 0. In addition the
SMO0 and SM2_0 bits have secondary functions as shown below.
SMO0 | SM1 | SM2 | MODE FUNCTION LENGTH PERIOD
0 0 0 0 Synchronous 8 bits 12 terx
0 0 1 0 Synchronous 8 bits 4 terk
1 X 1 Asynchronous 10 bits Timer 1 or 2
baud rate equation
1 0 0 2 Asynchronous 11 bits 64 terk (SMOD=0)
32 tCLK (SMODZI)
1 0 1 2 Asynchronous w/ 11 bits 64 tcx (SMOD=0)
Multiprocessor communication 32 terk (SMOD=1)
1 1 0 3 Asynchronous 11 bits Timer 1 or 2
baud rate equation
1 1 1 3 Asynchronous w/ 11 bits Timer 1 or 2
Multiprocessor communication baud rate equation

Framing Error Flag. When SMODO (PCON.6)=0, this bit (SMO) is used to
select the mode for serial port 0. When SMODO (PCON.6)=1, this bit (FE) will
be set upon detection of an invalid stop bit. When used as FE, this bit must be
cleared in software. Once the SMODO bit is set, modifications to this bit will not
affect the serial port mode settings. Although accessed from the same register,
internally the data for bits SMO and FE are stored in different locations.

No alternate function.

Multiple CPU Communications. The function of this bit is dependent on the

serial port 0 mode.

Mode 0: Selects 12 tcpx or 4 tepk period for synchronous serial port 0 data
transfers.

Mode 1: When set, reception is ignored (RI_0 is not set) if invalid stop bit
received.

Mode 2/3: When this bit is set, multiprocessor communications are enabled in
modes 2 and 3. This will prevent the RI 0 bit from being set, and an
interrupt being asserted, if the 9" bit received is not 1.

Receiver Enable. This bit enable/disables the serial port 0 receiver shift register.

0 = Serial port 0 reception disabled.

1= Serial port 0 receiver enabled (modes 1, 2, 3). Initiate synchronous reception

(mode 0).
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TBS 0
Bit 3
RBS 0
Bit 2

TL 0
Bit 1

RI 0
Bit 0

9th Transmission Bit State. This bit defines the state of the 9th transmission bit
in serial port 0 modes 2 and 3.

9th Received Bit State. This bit identifies that state of the 9th reception bit of
received data in serial port 0 modes 2 and 3. In serial port mode 1, when
SM2 0=0, RB8 0 is the state of the stop bit. RB8 0 is not used in mode 0.

Transmitter Interrupt Flag. This bit indicates that data in the serial port 0
buffer has been completely shifted out. In serial port mode 0, TI 0 is set at the
end of the 8th data bit. In all other modes, this bit is set at the end of the last data
bit. This bit must be manually cleared by software.

Receiver Interrupt Flag. This bit indicates that a byte of data has been received
in the serial port 0 buffer. In serial port mode 0, RI 0 is set at the end of the 8th
bit. In serial port mode 1, RI 0 is set after the last sample of the incoming stop bit
subject to the state of SM2 0. In modes 2 and 3, RI 0 is set after the last sample
of RB8 0. This bit must be manually cleared by software.

SERIAL DATA BUFFER 0 (SBUFO0)

6 5 4 3 2 1 0

SBUFO0.6 | SBUF0.5 | SBUF0.4 | SBUF0.3 | SBUF0.2 | SBUF0.1 | SBUF0.0

7
SFR 9%h | SBUF0.7
RW-0
SBUF0.7-0
Bits 7-0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
Serial Data Buffer 0. Data for serial port 0 is read from or written to this

location. The serial transmit and receive buffers are separate registers, but both
are addressed at this location.

REVISION ID REGISTER (RID)

SFR 9Ah

RID
Bits 7-0

7

6 5 4 3 2 1 0

* = See description

Revision Identification. This register indicates the revision level of the die. This
number is read-only and is fixed at the time of manufacture. The register value is
read as a two-digit hexadecimal number that corresponds to the die revision as
follows:

REGISTER
VALUE DIE REVISION
FF All Ax and Bx revisions
Cl Revisions C1 and C2
C3 Revision C3
Cx Revision Cx (and so on)
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EXTENDED STACK POINTER REGISTER (ESP)

SFR 9Bh

Bits 7-2
ESP.1-0
Bits 1-0

7 6 5 4 3 2 1 0
1 1 1 1 1 1 ESP.1 ESP.0
R-1 R-1 R-1 R-1 R-1 R-1 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
Reserved

Extended Stack Pointer. This register contains the upper 2 bits of the 10-bit
stack pointer. When the SA bit is set, any overflow of the SP from FFh to 00h
will increment the ESP by 1, and any underflow of the SP from 00h to FFh will
decrement the ESP by 1. The ESP register is ignored when SA = 0, but is still
read/write accessible. Configuring the 4K block of SRAM as program and/or data
memory (IDM1,IDM0=11b) will disable the extended stack mode. Internal logic
will take into consideration the programming conditions imposed by the SA,
IDM1 and IDMO bits within the MCON register, to allow access to the 1K Stack
Memory. See ACON register for more detail.

ADDRESS PAGE REGISTER (AP)

SFR 9Ch

AP.7-0
Bits 7-0

7

6 5 4 3 2 1 0

RW-0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Address Page Register. The AP Register (AP) supports extended program and
data addressing (>64KB) capabilities in the 22-bit paged addressing mode (AM1,
AMO = 01b), and is fully compatible with the original 8052 16-bit addressing
mode. When executing LJMP or LCALL instructions in paged addressing mode,
the microcontroller automatically loads bits 23:16 of the program counter with
the contents of the AP register to calculate the new LCALL or LIMP address.
The AP register affects only the previous instructions, and is not incremented
during a program counter rollover from FFFFh to 0000h. This register is a
general-purpose SFR when not operating in 22-bit paged mode.

Executing interrupts while in 22-bit paged addressing mode pushes the three
bytes of the program counter onto the stack, but not the AP register itself. The AP
register should be saved at the beginning of the ISR if it will be modified inside
the ISR. Following the execution of a RETTI instruction, the processor will
automatically reload the entire 24 value of the PC with the original address from
the stack, again leaving the contents of the AP register unchanged.
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ADDRESS CONTROL REGISTER (ACON)

7 6 5 4 3 2 1 0
SFR 9Dh 1 1 1 1 1 SA AM1 AMO
R-1 R-1 R-1 R-1 R-1 RT-0 RT-0 RT-0
R = Unrestricted Read, T = Timed Access Write Only, -n = Value after Reset
Bits 7-3 Reserved
SA Extended Stack Address Mode Enable. This bit can only be modified by the
Bit 2 timed-access procedure.
0 = All instructions will utilize the traditional 8-bit 8051 stack pointer (SP;81h).
1 = All instructions will utilize the 10-bit stack pointer formed by concatenating
the 2 least significant bits of the ESP register with the SP register. Lower 1
KB of internal MOVX memory is used as the stack when this bit is set. This
bit cannot be set while IDM1:IDM0=11b.
AM1, AMO Address Mode Control bits. These bits establish the addressing mode for the
Bits 1-0 device. These bits can only be modified by the timed-access procedure.

AM1 AMO Addressing Mode

0 0 16-bit Addressing Mode
0 1 22-bit Paged Addressing Mode
1 X 22-bit Contiguous Addressing Mode
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CAN 0 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 0 (COTMAO)

7 6 5 4 3 2 1 0
SFR 9Eh
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, -n = Value after Reset

CAN 0 Transmit Message Acknowledgement Register 0. This register
indicates which of CAN 0 message centers 1-8 have successfully transmitted
a message since the last read of this register. A logic one in a location
indicates a message has been transmitted from that message center. This
register is automatically cleared to 00h when read. This register should
always be read in conjunction with the COTMAI register to ascertain the
status of all message centers.

CO0TMAO0.7 Message Center 8, Message Transmitted

Bit 7

C0TMAO0.6 Message Center 7, Message Transmitted

Bit 6

CO0TMAO.5 Message Center 6, Message Transmitted

Bit5

C0TMAO0.4 Message Center 5, Message Transmitted

Bit 4

C0TMAO0.3 Message Center 4, Message Transmitted

Bit 3

CO0TMAO.2 Message Center 3, Message Transmitted

Bit 2

C0TMAO.1 Message Center 2, Message Transmitted

Bit 1

CO0TMAO0.0 Message Center 1, Message Transmitted

Bit 0
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CAN 0 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 1 (COTMA1)

7 6 5 4 3 2 1 0
SFR 9Fh
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, -n = Value after Reset

CAN 0 Transmit Message Acknowledgement Register 1. This register
indicates which of CAN 0 message centers 9-15 have successfully
transmitted a message since the last read of this register. A logic one in a
location indicates a message has been transmitted for that message center.
This register is automatically cleared to 00h when read. This register should
always be read in conjunction with the COTMAO register to ascertain the
status of all message centers.

Bit 7 Reserved

CO0TMAL.6 Message Center 15, Message Transmitted

Bit 6

CO0TMAL.5 Message Center 14, Message Transmitted

Bit 5

C0TMA1.4 Message Center 13, Message Transmitted

Bit 4

CO0TMA1.3 Message Center 12, Message Transmitted

Bit 3

CO0TMA1.2 Message Center 11, Message Transmitted

Bit 2

CO0TMAL.1 Message Center 10, Message Transmitted

Bit 1

COTMAL1.0 Message Center 9, Message Transmitted

Bit 0
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PORT 2 (P2)
7 6 5 4 3 2 1 0
SFR AOh | A15/P2.7 | A14/P2.6 | A13/P2.5 | A12/P2.4 | A11/P2.3 | A10/P2.2 | A9/P2.1 | A8/P2.0
RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
P2.7-0 Port 2. The Port 2 pins function as an address bus during external memory
Bi t.s 7.0 accesses, and a general-purpose I/O port when executing code memory from the
internal 4kB SRAM (IDM1,IDMO = 00b). When executing programs from the
internal 4kB SRAM, the contents of this SFR will be driven onto the Port 2 pins.
When executing programs from external memory, writes to P2 will have no affect
on the state of the Port 2 pins (except during register-indirect MOV X operations).
When executing register-indirect instructions such as MOVX A, @R]1, this
register supplies the address MSB during data memory operations.
PORT 5 (P5)
7 6 5 4 3 2 1 0
SFR Alh P5.7 P5.6 P5.5 P5.4 P53 P5.2 P5.1 P5.0
PCE3 PCE2 | PCEl | PCEO CITX CIRX | CORX COTX
RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
General Purpose I/0 Port 5. This register functions as a general purpose
I/O port. In addition, all the pins have an alternate function listed below.
Each of the alternate functions is controlled by and/or influences other SFRs.
The associated Port 5 latch bit must contain a logic one before the pin can be
used in its alternate function capability.
PCE3 Peripheral Chip Enable 3. When enabled by the PSCNT register, this pin
Bit 7 will assert the fourth chip enable signal.
PCE2 Peripheral Chip Enable 2. When enabled by the PSCNT register, this pin
Bit 6 will assert the third chip enable signal.
PCE1 Peripheral Chip Enable 1. When enabled by the PSCNT register, this pin
Bit 5 will assert the second chip enable signal.
PCE( Peripheral Chip Enable 0. When enabled by the PSCNT register, this pin
Bit 4 will assert the first chip enable signal.
CI1TX/TXD1 CAN 1 Transmit/Serial Port 1 Transmit. This pin is connected to the
Bit 3 transmit data input pin of the CAN 1 transceiver device. Setting the Serial
Port 1 External Connection bit (SP1EC, PSCNT.5) configures this pin as the
Serial Port 1 transmit signal, disabling the corresponding CAN 1 function.
C1RX/RXD1 CAN 1 Receive/Serial Port 1 Receive. This pin is connected to the receive
Bit 2 data output pin of the CAN 1 transceiver device. Setting the Serial Port 1
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CORX
Bit 1

CcoTX
Bit 0

External Connection bit (SP1EC, PSCNT.5) configures this pin as the Serial
Port 1 receive signal, disabling the corresponding CAN 1 function.

CAN 0 Receive. This pin is connected to the receive data output pin of the
CAN 0 transceiver device.

CAN 0 Transmit. This pin is connected to the transmit data input pin of the
CAN 0 transceiver device.

PORT 5 CONTROL REGISTER (P5CNT)

SFR A2h

7 6 5 4 3 2 1 0
CANIBA | CANOBA | SPIEC Cl I/O CO I/O | PSCNT.2 | PSCNT.1 | P5SCNT.0
RW-0 RW-0 RW-0 RW-0 RW-0 RT-0 RT-0 RT-0

R = Unrestricted Read, W =Unrestricted Write, T = Timed Access Write Only, -n = Value after Reset

CAN1BA
Bit 7

CANOBA
Bit 6

SP1EC
Bit 5

C1_I/O
Bit4

C0_I/O

Bit 3

PSCNT.2—
PSCNT.0

CAN 1 Bus Active. The CAN1BA signal is a latched status bit that will be set if
the respective CAN1 I/O Enabled (PSCNT .4) bit is set and bus activity detected
on the CAN 1 bus. Once activity is detected and the bit is set, it will remain set
until cleared by application software or a reset.

CAN 0 Bus Active. The CANOBA signal is a latched status bit that will be set if
the respective CANO I/O Enabled (PSCNT.3) bit is set and bus activity detected
on the CAN 0 bus. Once activity is detected and the bit is set, it will remain set
until cleared by application software or a reset.

Serial Port 1 External Connections. This bit controls whether the Serial Port 1
signals are asserted on P1.2/P1.3 or P5.2/P5.3. Rerouting the serial port signals to
Port 5 allows the use of both serial ports (but with the loss of the CAN 1 interface)
when Port 1 becomes a dedicated address bus during demultiplexed addressing
mode. Note that the corresponding port pins must be set to 1 before they can be
used in their serial port or CAN functions.

0 = Serial Port 1 signals are routed to P1.2/P1.3.

Conditions: MUX =0, SFR bit P1.2 =1, SFR bit P1.3 =1

1 = Serial Port 1 signals are routed to P5.2/P5.3

Conditions: MUX =0, SFR bit P5.2 =1, SFR bit P5.3 =1

CAN 1 I/O Enable. This bit controls the function of port pins P5.2 and P5.3.

0 = Port pins P5.2 and P5.3 function as general-purpose I/O pins. The alternate
Serial Port 1 transmit and receive functions on Port 5 are only possible when this
bit is cleared to 0.

1 = Port pins P5.2 and P5.3 are dedicated to the CAN 1 receive and transmit
functions.

CAN 0 I/0 Enable. This bit controls the function of port pins P5.0 and P5.1.

0 = Port pins P5.0 and P5.1 function as general-purpose I/O pins.

1 = Port pins P5.0 and P5.1 are dedicated to the CAN 0 receive and transmit
functions.

Port Pin P5.7-P5.4 Configuration Control Bits. These bits, in conjunction with
the PACNT register, control which Port 5 pins (if any) are used for PCEx
decoding as shown in the table below. The memory range addressable by each
PCEXx signal is a function of the total number of address lines (A19-A16)
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established by the PACNT register. Note that the chip-enable range when using
AO0-A15 1s 32kB instead of the expected 64kB. This is to allow the use of more
common 32kB memory devices rather than 64kB devices.

Port S Pin Function

PSCNT.2-0  P5.7 P5.6 P5.5 P5.4
000 /0 /0 /O /O

100 /0 /0 /0 PCEO
101 /O /0 PCEIL PCEO
110 /0 PCE2 PCEIL PCEO
111 PCE3 PCE2 PCEl PCEO

The memory range addressable by each PCEx signal is a function of the total
number of address lines (A19-A16) established by the PACNT register. Note that
the chip-enable range when using A0-A15 is 32 KB instead of the expected 64kB.
This is to allow the use of more common 32 KB memory devices rather than
64kB devices.

Port 5 Pin Function

P4CNT.5-3 PCE0Q PCE1 PCE2 PCE3

000 0—32kB 32 — 64kB 64 — 96kB 96 — 128kB
100 0— 128kB 128 —256kB 256 —384kB 384 —512kB
101 0 —256kB 256 -512kB  512-768kB  768kB - IMB
110 0-—512kB 512 - IMB 1-1.5MB 1.5-2MB
111 0- IMB 1-2M 2-3MB 3 - 4MB

CAN 0 CONTROL REGISTER (C0C)

SFR A3h

ERIE
Bit 7

STIE
Bit 6

PDE
Bit 5

7 6 5 4 3 2 1 0
ERIE STIE PDE — CRST AUTOB ERCS SWINT
RW-0 RW-0 RW-0 RW-0 RT-1 RW-0 RW-0 RW-1

R = Unrestricted Read, W = Unrestricted Write, T = Timed Access Write Only, -n = Value after Reset

CAN 0 Error Interrupt Enable.

0 = CAN 0 Error Interrupt is disabled.

1 = Setting this bit while the COIE bit (EIE.6) and Global Interrupt Enable bits
(IE.7) are set will generate an interrupt if the CAN 0 Bus Off (BUSOFF) or CAN
0 Error Count Exceeded bit (CECE) bits are set.

CAN 0 Status Interrupt Enable.

0 = CAN 0 Status Interrupt is disabled.

1 = If the COIE bit (EIE.6) is set, an interrupt will be generated if the CAN 0
Transmit Status bit (TXS), Receive Status bit (RXS) or the Wake-Up Status bit
(WKS) is set. An interrupt will also be generated if the Status Error bits (ER2-0)
changes to a non-000b or non-111b state.

CAN 0 Power-Down Enable. Setting this bit places the CAN 0 module into its
lowest power mode. The module will enter power-down mode immediately upon
setting this bit, or following the completion of the current reception, transmission,
arbitration failure, or error condition on CAN 0. Software can poll the PDE bit to
ascertain whether the microcontroller has entered power-down mode (PDE=1) or
is waiting for a current CAN operation to complete (PDE=0) before entering
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Reserved
Bit 4
CRST
Bit 3

AUTOB
Bit 2

power-down mode. Power-down mode is exited by clearing the PDE bit or by any
reset of the microcontroller. The CAN 0 module will resume operation after the
receipt of 11 consecutive recessive bits.

This bit is reserved and must always remain 0. Attempts to set the bit to 1 will
cause improper device operation.

CAN 0 Reset. Setting this bit by a timed access write will reset all CAN 0
registers in the SFR map to their reset default states. The module will reset the
registers immediately upon setting this bit, or following the completion of the
current reception, transmission, arbitration failure, or error condition on CAN 0.
Software can poll the CRST bit to ascertain whether the microcontroller has
successfully reset the registers (CRST =1) or is waiting for a current CAN
operation to complete (CRST =0) before resetting the registers. Setting the CRST
bit also clears the transmit and receive error counters and sets the SWINT bit.
CRST must be cleared by software to remove the CAN reset. The state of the
SWINT and BUSOFF bits determines the action of the device when the CRST bit
is cleared.

CAN 0 Autobaud. Setting this bit allows the CAN 0 module to establish proper
CAN bus timing without disrupting the normal data flow between other nodes on
the CAN Bus. When in the autobaud mode, incoming data on the CORX pin is
internally ANDed with transmit data generated by the CAN 0 module. An internal
loop back feeds this combined data stream back into the input of the CAN 0
module. At the same time, COTX pin is placed into a recessive state to prevent
driving non-synchronized data (creating CAN Bus errors to other nodes) while
attempting to synchronize the processor with the CAN Bus.

With AUTOB = 1, the microcontroller auto-baud algorithm will make use of the
CAN 0 Status Register RXS and error status bits to determine when a message is
successfully received (when AUTOB =1, a successful receive does not require a
store). Each successive baud rate attempt is proceeded by the microcontroller
clearing the transmit and receive error counters by a write of 00h to the Transmit
Error SFR Register and a read of the CAN 0 Status Register to clear the previous
Status Change Interrupt. Note that a write to the Transmit Error SFR Register
automatically resets the CAN fault confinement state machine to an initial (error
active) state if the error counters are cleared to 00h. If, however, the error counters
are programmed to a value greater than 128, the CAN module will be in a error
passive state. Appropriate flags are set when the error counter is written with any
value. A write of the Status Register is also used to remove the previous error
value in the ER2-0 bits. Clearing the error counters will also clear the CECE bit, if
set.

When BUSOFF = 1, software is prohibited from writing to the error counters by
virtue of the fact that the SWINT bit is also forced to a 0 state during the period
that the CAN module performs a bus recovery and power-up sequence. Once the
CAN module has removed itself from the Bus Off condition it will also clear
BUSOFF = 0, set SWINT = 1, and will clear both the transmit and receive error
counters to 00h.
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ERCS
Bit 1

SWINT
Bit 0

CAN 0 Error Count Select. This bit selects the number of transmit or receive
errors that will cause the CAN 0 Error Count Exceeded bit, CECE (C0S.6), to be
set.

0 = CECE bit set when the transmit or receive error counters exceed 9 errors.

1 = CECE bit set when the transmit or receive error counters exceed 127 errors.
CAN 0 Software Initialization Enable. This bit enables (SWINT=1) and
disables (SWINT=0) software write access to the first 16 bytes of the CAN 0
MOVX SRAM. These bytes contain the CAN 0 Control/Status/Mask Registers.
Read access to all bytes in the CAN 0 MOVX SRAM is permitted at all times,
regardless of the state of the SWINT bit.

Setting SWINT=1 disables CAN 0 Bus activity, allowing software access to the
CAN 0 Control/Status/Mask Registers without corrupting CAN Bus transmission
or reception. A special lockout procedure delays the internal assertion of the
SWINT bit until all CAN 0 activity has ceased. The following procedure must be
followed when setting the SWINT bit to prevent the accidental corruption of CAN
Bus activity:

1. Write a 1 to the SWINT bit, starting the internal process to enter the
software initialization process.

2. Poll the SWINT bit until it is set. The lockout circuit will hold SWINT=0
if it detects a reception, transmission, or arbitration in progress. When one
of these conditions ceases, or if an error occurs, the CAN module will set
SWINT=1, indicating that the CAN module is disabled and software can
now write to the first 16 bytes of the CAN 0 MOVX SRAM. Attempts to
modify the first 16 bytes of the CAN 0 MOVX SRAM while SWINT=0
will fail, leaving the bytes unchanged.

The SWINT bit controls access to several other bits and registers. The CAN 0
Transmit Error Register (COTE;A6h) and CAN 0 Receive Error Register
(CORE;A7h) are only modifiable while SWINT=I.

The BUSOFF bit has a direct interaction with the SWINT bit. When a Bus Off
condition is detected (BUSOFF=1), the CAN module will automatically clear
SWINT=0 and initiate a bus recovery and power-up sequence. Write access to the
SWINT bit is prohibited until the Bus Off condition has been cleared and
BUSOFF has been reset to 0.

The SWINT bit is also set automatically following a system reset, the setting of
the CRST bit in the CAN 0 Control Register, or programming the CAN Bus
Timing Registers (COBTO, COBT1 in the MOVX SRAM) to 00h (an invalid
state). As a precaution against utilizing the CAN with invalid bus timing, the
SWINT bit cannot be cleared while COBTO=COBT1=00h. When this bit is
cleared, the CAN 0 module will initiate a CAN Bus synchronization after the
CAN module executes a power-up sequence (reception of 11 consecutive
recessive bits.)
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CAN 0 STATUS REGISTER (C0S)

SFR A4h

BUSOFF
Bit 7

CECE
Bit 6

WKS
Bit 5

7 6 5 4 3 2 1 0
BUSOFF | CECE WKS RXS TXS ER2 ERI ERO
R-0 R-0 R-0 RW-0 RW-0 R-0 R-0 R-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

CAN 0 Bus Off. When BUSOFF = 1, the CAN 0 Bus is disabled and is not
capable of receiving or transmitting messages. This condition is the result of the
transmit error counter reaching a count of 256. When the CAN 0 module detects
an error count of 256 the CAN module will automatically set BUSOFF = 1 and
clear SWINT = 0.

BUSOFF is cleared to a 0 to enable CAN 0 Bus activity when the CAN module
completes both the busoff recovery (128 X 11 consecutive recessive bits) and the
power-up sequence (11 consecutive recessive bits). Once the CAN module has
completed this relationship it will set SWINT = 1 and will enter into the software
initialization state. Once software has cleared SWINT to a 0, the CAN module
will be enabled to transmit and receive messages. When BUSOFF = 0, the CAN 0
Bus is enabled to receive or transmit messages. A change in the state of BUSOFF
from a previous 0 to a 1 will generate an interrupt if the ERIE, COIE and EA
register bits are set. All microcontroller writes to the SWINT bit are disabled
when BUSOFF = 1. Both the transmit and receive error counters are cleared to
00h when the Bus Off condition is cleared by the CAN module (BUSOFF=0).
CAN 0 Error Count Exceeded. This bit operates in one of two modes,
depending on the state of the ERCS bit in the CAN 0 Control Register.

ERCS = 0 (Error count limit=96). In this mode when CECE=1, the interrupt flag
indicates that either the CAN 0 Transmit Error Counter or the CAN 0 Receive
Error Counter has reached an error count of 97, which represents an exceptionally
high number of errors. CECE=0 indicates that both error counters have an error
count of less than 96. A 0 to 1 transition of CECE will generate an interrupt if the
ERIE, COIE and IE SFR bits are set.

ERCS =1 (Error count limit=128). In this mode when CECE=1, the interrupt flag
indicates that either the CAN 0 Transmit Error Counter or the CAN 0 Receive
Error Counter has reached an error count of 128, which represents an
exceptionally high number of errors. CECE = 0 indicates that the current Transmit
Error Counter and Receive Error Counter both have an error count of less than
128. A change in the state of CECE from either a previous 0 to a 1 or from a
previous 1 to 0 will generate an interrupt if the ERIE, COIE and IE SFR bits are
set.

CAN 0 Wake-Up Status. When WKS = 1, the CAN 0 module is in power-down
mode. Clearing the PDE bit forces WKS = 0. A change in the state of WKS from
a previous 1 to 0 generates an interrupt if the STIE, COIE, and IE SFR bits are set.
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RXS
Bit 4

TXS
Bit 3

CAN 0 Receive Status. This bit indicates whether or not messages have been
received since the last read of the CAN 0 Status Register. RXS is only set by the
CAN 0 logic and must be cleared by the Microcontroller software, the CRST bit,
or a system Reset.

1 = The meaning of RXS=1 is dependent on the Autobaud bit, AUTOB.

AUTOB=0, RXS =1 indicates that a message has been both successfully
received and stored in one of the message centers by CAN 0 since the last
read of the CAN 0 Status Register.

AUTOB=1, RXS = 1 indicates that a message has been successfully received
by CAN 0 since the last read of the CAN 0 Status Register. Note that
messages that are successfully received without errors but do not pass the
arbitration filtering will still set the RXS bit.

0 = No messages have been successfully received since the last read of the CAN 0
Status Register.

When STIE= 1 and the RXS bit transitions from 0 to 1, the CAN Interrupt
Register (COIR;AS5h) will change to O1h to indicate a pending interrupt due to a
change in the CAN Status Register(C0S;A4h). Reading any bit in the COS register
will clear the pending interrupt, causing the COIR register to change to 00h if no
interrupts are pending or the appropriate value if a lower priority message center
interrupt is pending. If a second successful reception is detected prior to or after
the clearing of the RXS bit in the Status Register, a second status change interrupt
flag will be set, issuing a second interrupt. Each new successful reception will
generate an interrupt request independent of the previous state of the RXS bit, as
long as the CAN Status Register has been read to clear the previous status change
interrupt flag. Note that if software changes RXS from 0 to 1, an artificial Status
Change Interrupt (STIE=1) will be generated. Thus, if RXS was previously set to
0 and a reception was successful, RXS will be set to 1 and an enabled interrupt
may be asserted. An interrupt may be asserted (if enabled) if software changes
RXS from 0 to 1. If RXS was previously set to 1 and a reception was successful,
RXS remains set and an interrupt may be asserted if enabled. No interrupt will be
asserted if software attempts to set RXS=1 while the bit is already set.

CAN 0 Transmit Status. This bit indicates whether or not one or more messages
have been successfully transmitted since the last read of the CAN 0 Status
Register. TXS is only set by the CAN 0 logic and is not cleared by the CAN
controller but is only cleared by software, the CRST bit, or a system Reset.

1 = A message has been successfully transmitted by CAN 0 (error free and
acknowledged) since the last read of the CAN 0 Status Register.

0 = No messages have been successfully transmitted since the last read of the
CAN 0 Status Register.

When STIE= 1 and the TXS bit transitions from 0 to 1, the CAN Interrupt
Register (COIR;A5h) will change to 01h to indicate a pending interrupt due to a
change in the CAN Status Register. Reading any bit in the COS register will clear
the pending interrupt, causing COIR to change to 00h if no interrupts are pending
or the appropriate value if a lower priority message center interrupt is pending. If
a second successful transmission is detected prior to or after the clearing of the
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ER2-0
Bit 2-0

TXS bit in the Status Register, a second status change interrupt flag will be set,
issuing a second interrupt. Each new successful transmission generates an
interrupt request independent of the previous state of the TXS bit, as long as the
CAN Status Register has been read to clear the previous status change interrupt
flag. Note that if software changes TXS from 0 to 1, an artificial Status Change
Interrupt (STIE=1) will be generated. Thus, if TXS was previously set to 0 and a
transmission was successful, TXS will be set to 1 and an enabled interrupt may be
asserted. An interrupt may be asserted (if enabled) if software changes TXS from
0 to 1. If TXS was previously set to 1 and a transmission was successful, TXS
remains set and an interrupt may be asserted if enabled. No interrupt will be
asserted if software attempts to set TXS while it is already set.

CAN 0 Bus Error Status. These bits indicate the type of error, if any, detected in
the last CAN 0 Bus Frame. These bits will be reset to the 111b state following any
read of the COS register (when SWINT=0), allowing software to determine if a
new error has been received since the last read of this register. The ER2-0 bits are
read only.

If enabled, an interrupt will be generated any time the ER2-0 bits change from
000b or 111b to another value. Errors received while the ER2-0 bits are in a non-
000b or 111b state will be ignored, leaving ER2-0 unchanged and no additional
interrupts will be generated. This ensures that error conditions will not be
lost/overwritten before software has a chance to read the COS register. Once the
COS register is read and the ER2-0 bits return to 111b, new errors will be
processed normally. In the case of simultaneous errors in multiple CAN 0
message centers, only the highest priority error is indicated.

ER2 ER1 ERO0 Priority Error Conditions

0 0 0 NA No Error in Last Frame

0 0 I 2 Bit Stuff Error

0 1 0 5 Format Error

0 1 1 4 Transmit Not Acknowledged Error
1 0 0 6 (lowest) Bit1 Error

1 0 1 1 (highest) Bit 0 Error

1 1 0 3 CRC Error

1 1 I NA No change since last COS read

The following is a description of the different error types:

Bit Stuff Error: Occurs when the CAN controller detects more than 5 consecutive
bits of an identical state are received in an incoming message.

Format Error: Generated when a received message has the wrong format.

Transmit Not Acknowledged Error: Indicates that a data frame was sent and the
requested node did not acknowledged the message.

Bit 1 Error: Indicates that the CAN attempted to transmit a message and that
when a recessive bit was transmitted, the CAN bus was found to have a
dominant bit level. This error is not generated when the bit is a part of the
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arbitration field (identifier and remote retransmission request).

Bit 0 Error: Indicates that the CAN attempted to transmit a message and that
when a dominant bit was transmitted, the CAN bus was found to have a
recessive bit level. This error is not generated when the bit is a part of the
arbitration field. The Bit 0 Error is set each time a recessive bit is received
during the Busoff recovery period.

CRC Error: Generated whenever the calculated CRC of a received message does
not match the CRC embedded in the message.

CAN 0 INTERRUPT REGISTER (COIR)

7 6 5 4 3 2 1 0
SFR A5h
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
COIR.7-0 CAN 0 Interrupt Indicator 7-0 This register indicates the status of the
Bit 7-5 interrupt source associated with the CAN 0 module. Reading this register

after the generation of a CAN 0 Interrupt will identify the interrupt source as
shown in the table below. This register is cleared to 00h following a reset.

COIR.7-0 Priority Interrupt Source
00h N/A No Pending Interrupt
0lh 1 (highest)  Change in the CAN 0 Status Register
02h 2 Message 15
03h 3 Message 1
04h 4 Message 2
05h 5 Message 3
06h 6 Message 4
07h 7 Message 5
08h 8 Message 6
09h 9 Message 7
0Ah 10 Message 8
0Bh 11 Message 9
0Ch 12 Message 10
0Dh 13 Message 11
OEh 14 Message 12
OFh 15 Message 13
10h 16 (lowest)  Message 14

The COIR value will not change unless the previous interrupt source has been
acknowledged and removed (i.e., software read of the COS register or clearing of
the appropriate INTRQ bit), even if the new interrupt has a higher priority. If two
enabled interrupt sources become active simultaneously, the interrupt of higher
priority will be reflected in the COIR value.

The CAN 0 interrupt source into the interrupt logic is active whenever COIR is not
equal to 00h. Changes in the COIR value from 00h to a non-zero state, indicate the
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first interrupt source detected by the CAN module following the non-active
interrupt state. The COIR interrupt values will remain in place until the interrupt
source is removed, independent of other higher (or lower) priority interrupts that
become active prior to clearing the currently displayed interrupt source.

When the current CAN interrupt source is cleared, COIR will change to
reflect the next active interrupt with the highest priority. The Status Change
interrupt will be asserted if there has been a change in the Can 0 Status
Register (if enabled by the appropriate ERIE and/or STIE bit) and the CAN
Status Interrupt state is set. A message center interrupt will be indicated if the
INTRQ bit in the respective CAN Message Control Register is set.

CAN 0 TRANSMIT ERROR REGISTER (COTE)

SFR A6h

COTE.7-0
Bits 7-0

7 6 5 4 3 2 1 0

R*-0 R*-0 R*-0 R*-0 R*-0 R*-0 R*-0 R*-0

R = Unrestricted Read, * = Write only when SWINT = 1 and BUSOFF = 0, -n = Value after Reset

CAN 0 Transmit Error Register. This register indicates the number of
accumulated CAN 0 transmit errors. The CAN 0 module responds in different
ways to varying number of errors as shown below.

This register can only be modified by software when SWINT=1 and
BUSOFF=0. All software writes to this register simultaneously load the same
value into the CAN 0 Transmit Error Register and the CAN 0 Receive Error
Register. Writing 00h to this register will also clear the CAN 0 Error Count
Exceeded bit, CECE (C0S.6). This register is cleared following all hardware
Resets and software resets enabled by the CRST bit in the CAN 0 Control
Register.

COTE Value CAN 0 State
Value <96 Error active mode, CAN 0 Bus on (BUSOFF=0)

128 > Value > 96  Error active mode, CAN 0 Bus on (BUSOFF=0), warning
level

255 > Value > 128  Error passive mode, CAN 0 Bus on (BUSOFF=0)
Value > 255 CAN 0 Bus off (BUSOFF=1)
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CAN 0 RECEIVE ERROR REGISTER (CORE)

SFR A7h

CORE.7-0
Bits 7-0

7

6 5 4 3 2 1 0

R*-0

R*-0 R*-0 R*-0 R*-0 R*-0 R*-0 R*-0

R= Unrestricted Read, * = Write only by COTE register, -n = Value after Reset

CAN 0 Receive Error Register. This register indicates the number of
accumulated CAN 0 receive errors. All writes to the COTE register are
simultaneously loaded into this register. This register is cleared following all
hardware Resets and software resets enabled by the CRST bit in the CAN 0
Control Register.

INTERRUPT ENABLE (IE)

SFR A8h

EA
Bit 7

ES1
Bit 6

ET2
Bit 5

ESO
Bit 4

ET1
Bit 3

EX1
Bit 2

7 6 5 4 3 2 1 0
EA ESI ET2 ESO ET1 EX1 ETO EXO0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R= Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Global Interrupt Enable. This bit controls the global masking of all interrupts

except Power-Fail Interrupt, which is enabled by the EPFI bit (WDCON.5).

0 = Disable all interrupt sources. This bit overrides individual interrupt mask
settings.

1 = Enable all individual interrupt masks. Individual interrupts will occur if
enabled.

Enable Serial Port 1 Interrupt. This bit controls the masking of the serial port 1

interrupt.

0 = Disable all serial port 1 interrupts.

1 = Enable interrupt requests generated by the RI 1 (SCON1.0) or TI 1
(SCONI.1) flags.

Enable Timer 2 Interrupt. This bit controls the masking of the Timer 2 interrupt.

0 = Disable all Timer 2 interrupts.

1 = Enable interrupt requests generated by the TF2 flag (T2CON.7).

Enable Serial Port 0 Interrupt. This bit controls the masking of the serial port 0

interrupt.

0 = Disable all serial port 0 interrupts.

1 = Enable interrupt requests generated by the RI_0 (SCONO0.0) or TI 0
(SCONO.1) flags.

Enable Timer 1 Interrupt. This bit controls the masking of the Timer 1 interrupt.

0 = Disable all Timer 1 interrupts.

1 = Enable all interrupt requests generated by the TF1 flag (TCON.7).

Enable External Interrupt 1. This bit controls the masking of external interrupt

1.

0 = Disable external interrupt 1.

1 = Enable all interrupt requests generated by the INT1 pin.
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ETO Enable Timer 0 Interrupt. This bit controls the masking of the Timer 0 interrupt.
Bit 1 0 = Disable all Timer O interrupts.

1 = Enable all interrupt requests generated by the TFO flag (TCON.5).
EX0 Enable External Interrupt 0. This bit controls the masking of external interrupt
Bit 0 0.

0 = Disable external interrupt 0.
1 = Enable all interrupt requests generated by the INTO pin.

SLAVE ADDRESS REGISTER 0 (SADDRO)

7 6 5 4 3 2 1 0
SFR A%h | SADDRO.7 | SADDR0.6 | SADDRO.5 | SADDRO0.4 | SADDR0.3 | SADDRO.2 | SADDRO.1 | SADDR0.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

SADDRO0.7-0 Slave Address Register 0. This register is programmed with the given or
Bits 7-0 broadcast address assigned to serial port 0.

SLAVE ADDRESS REGISTER 1 (SADDR1)

7 6 5 4 3 2 1 0
SFR AAh | SADDRI1.7 | SADDR1.6 | SADDRL5 | SADDR1.4 | SADDRI.3 | SADDRI.2 | SADDRI.1 | SADDR1.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

SADDR1.7-0 Slave Address Register 1. This register is programmed with the given or
Bits 7-0 broadcast address assigned to serial port 1.
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CAN 0 MESSAGE CENTER 1 CONTROL REGISTER (COM1C)

7 6 5 4 3 2 1 0
SFRABh [ MSRDY | ETI | ERI | INTRQ | EXTRQ | MTRQ |[ROW/TIH| DTUP |
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

MSRDY
Bit 7

ETI
Bit 6

ERI
Bit 5

INTRQ
Bit 4

EXTRQ
Bit 3

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CAN 0 Message Center 1 Ready. This bit is used by the Microcontroller to
prevent the CAN module from accessing message center 1 while the
microcontroller is updating message attributes. These include as identifiers
(arbitration registers 0-3), data byte registers 0-7, data byte count (DTBYC3-
DTBYCO0), direction control (T/R), the extended or standard mode bit
(EX/ST), and the mask enables (MEME and MDME) associated with this
message center. When this bit is 0, the CAN 0 processor will ignore this
message center for transmit, receive, or remote frame request operations.

MSRDY is cleared following a microcontroller hardware reset or a reset
generated by the CRST bit in the CAN 0 Control Register, and must also
remain in a cleared mode until all the CAN O initialization has been
completed. Individual message MSRDY controls can be changed after
initialization to reconfigure specific messages, without interrupting the
communication of other messages on the CAN 0 Bus.

CAN 0 Message Center 1 Enable Transmit Interrupt. Setting ETI to a 1 will

enable a successful CAN 0 transmission in message center 1 to set the INTRQ bit

for this message center, which in turn issues an interrupt to the microcontroller.
When ETI is cleared to 0 a successful transmission will not set INTRQ bit and

will not generate an interrupt. Note that the ETI bit located in Message Center 15

is ignored by the CAN module, since the message center 15 is a receive only
message center.

CAN 0 Message Center 1 Enable Receive Interrupt. Setting ERI to a 1
will enable a successful CAN 0 reception and storage in message center 1 to
set the INTRQ bit for this message center which in turn will issue an interrupt
to the microcontroller. When ERI is cleared to 0 a successful reception will
not set the INTRQ bit and as such will not generate an interrupt.

CAN 0 Message Center 1 Interrupt Request. This bit serves as a CAN
interrupt flag, indicating the successful transmission or reception of a
message in this message center. INTRQ is automatically set when ERI=1 and
message center 1 successfully receives and stores a message. The INTRQ bit
is also set to a 1 when ETI is set and the CAN 1 logic completes a successful
transmission. The INTRQ interrupt request must be also enabled by the EA
global mask in the IE SFR register if the interrupt is to be acknowledged by
the microcontroller interrupt logic. This flag must be cleared by software.

CAN 0 Message Center 1 External Transmit Request. When EXTRQ is
cleared to a 0, there are no pending requests by external CAN nodes for this
message. When EXTRQ is set to a 1, a request has been made for this
message by an external CAN node, but the CAN 0 controller has not yet
completed the service request. Following the completion of a requested
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MTRQ
Bit 2

ROW/TIH
Bit 1

transmission by a message center programmed for transmission (T/ R = 1),
the EXTRQ bit will be cleared by the CAN 0 controller. A remote request is

only answered by a message center programmed for transmission (T/ R = 1)
when DTUP =1 and TIH = 0, i.e. when new data was loaded and is not being
currently modified by the micro. Note that a message center programmed for

a receive mode (T/ R = 0) will also detect a remote frame request and will set
the EXTRQ bit in a similar manner, but will not automatically transmit a data
frame and as such will not automatically clear the EXTRQ bit.

CAN 0 Message Center 1 Microcontroller Transmit Request. When set,
this bit indicates that the message center is requesting that a message be
transmitted. The bit is cleared when the transmission is complete, allowing
this bit to be used to both initiate and monitor the progress of the
transmission. The bit can be set by software or the CAN module, depending
on the state of the Transmit/Receive bit in the CAN 0 Message 1 Format
Register (located in MOVX space). This bit is cleared when the CRST bit is
set, the CAN module experiences a system reset, or the conditions described
below. Note that the MTRQ bit located in Message Center 15 is ignored by
the CAN module, since the Message Center 15 is a receive only message
center.

T/R =0 (receive)

When software sets this bit, a remote frame request previously loaded into the
message center will be transmitted. The CAN 0 Module will clear this bit
following the successful transmission of the frame request message.

T/R =1 (transmit)

When software sets this bit, a data frame previously loaded into the message
center will be transmitted. When T/R = 1, the MTRQ bit will also be set by the
CAN 0 controller at the same time that the EXTRQ bit is set by a message request
from an external node.

CAN 0 Message Center 1 Receive Overwrite/Transmit Inhibit. The
Receive Overwrite (ROW) and Transmit Inhibit (TIH) bits share the same bit
location. When T/R = 0 the bit has the ROW function, serving as a flag that
an overwrite of incoming data may have occurred. When T/R = 1 the bit has
the Transmit Inhibit function, allowing software to disable the transmission
of a message while the data contents are being updated.

Receive Overwrite: (T/R =0, ROW is Read Only)

The CAN 0 controller automatically sets this bit 0 if a new message is received
and stored while the DTUP bit was still set. When set, ROW indicates that the
previous message was potentially lost and may not have been read, since the
microcontroller had not cleared the DTUP bit prior to the new load. When ROW
= 0, no new message has been received and stored while DTUP was set to ‘1’
since this bit was last cleared. Note that the ROW bit will not be set when the
WTOE bit is cleared to a 0, since all overwrites are disabled. This is due to the
fact that even if the incoming message matches the respective message center that
as long as DTUP = 1 in the respective message center, the combination of WTOE
=0 and DTUP = 1 will force the CAN module to ignore the respective message
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center when the CAN is processing the incoming data.

ROW is cleared by the CAN module when software clears the DTUP bit
associated with that message center. INTRQ is automatically set when the
ERI=1 and message center 1 successfully receives and stores a message.

ROW will reflect the actual message center relationships for message centers
1 to 14. Message center 15 utilizes a special shadow message buffer, and the
ROW bit for that message center indicates an overwrite of the buffer as
opposed to the actual message center 15. The ROW bit for message center 15
is cleared once the shadow buffer is loaded into the message center 15, and
the shadow buffer is cleared to allow a new message to be loaded. The
shadow buffer is automatically loaded into message center 15 when the
microcontroller clears the DTUP and EXTRQ bits in message center 15.

Transmit Inhibit: (T/R = 1, TIH is unrestricted Read/Write)

The TIH allows the microcontroller to disable the transmission of the
message when the data contents of the message are being updated. TIH = 1
directs the CAN 0 controller not to transmit the associated message. TIH = 0
enables the CAN 0 controller to transmit the message. If TIH = 1 when a
remote frame request is received by the message center, EXTRQ will be set
to a 1. Following the Remote Frame Request and after the microcontroller
has established the proper data to be sent, the microcontroller will clear the
TIH bit to a 0, which will allow the CAN module to send the data requested
by the previous Remote Frame Request. Note that the TIH bit associated with
Message Center 15 is ignored because it is a receive-only message center. If
the message center being set up with WTOE = 1 was previously a transmit
message center, ensure that the TIH bit is cleared to 0 (TIH can only be

written while T/R is set to 1). If TIH is set to 1 and that message center is

changed to receive with WTOE = 1, the ROW bit will always read back a 1,
even though a receive overwrite condition may not have occurred.

DTUP CAN 0 Message Center 1 Data Updated. This bit indicates that new data
Bit 0 has been loaded into the data portion of the message center. The exact
function of the DTUP bit is dependent on whether the message center is
configured in a receive (T/R = 0) or transmit (T/R = 1) mode. Some
functions are also dependent on the state of the WTOE bit. The DTUP bit is

only cleared by a software write to the bit, a system reset, or the setting of the
CRST bit.

T/R=0 (receive) -
In this mode (T/R = 0) the DTUP bit is set when new data has been
successfully received and is ready to be read by the microcontroller. The

exact meaning of the DTUP bit during a message center read is determined
by the WTOE bit in the CAN 0 Control Register.

If WTOE = 1 (message center overwrite enabled), DTUP should be
polled before and after reading the message center to ascertain if an
overwrite of the data occurred during the read. For example, software
should clear DTUP before reading the message center and then again
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after the message center read. If DTUP has been set, then a new
message was received and software should read the message center
again to read the new data. If DTUP remained cleared, no additional
data was received and the data is complete.

If WTOE=0 the processor is not permitted to overwrite this message
center, so it is only necessary to clear the DTUP bit after reading the
message center.

The state of the DTUP bit in the receive mode does not inhibit remote frame
request transmission in the receive mode. The only gating item for remote
frame transmission in the receive mode is that the MSRDY and MTRQ bits
must both be set.

T/R =1 (transmit)

In this mode, software must set TIH =1 and clear DTUP = 0 prior to doing an
update of the associated message center. This prevents the CAN module from
transmitting the data while the microcontroller is updating it. Once the
microcontroller has finished configuring the message center, software must clear
TIH = 0 and set MSRDY=MTRQ =DTUP =1, to enable the CAN module to
transmit the data.

The CAN module will not clear the DTUP after the transmission, but the
microcontroller can verify that the transmission has been completed, by
checking the MTRQ bit, which will be cleared (MTRQ = 0) after the
transmission has been successfully completed.

CAN 0 MESSAGE CENTER 2 CONTROL REGISTER (COM2C)

7 6 5 4 3 2 1 0
SFR ACh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CcoM2C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.

CAN 0 MESSAGE CENTER 3 CONTROL REGISTER (COM3C)
7 6 5 4 3 2 1 0

SFR ADh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP

RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CcoM3C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.
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CAN 0 MESSAGE CENTER 4 CONTROL REGISTER (COMA4C)

7 6 5 4 3 2 1 0
SFR AEh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CoM4C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.

CAN 0 MESSAGE CENTER 5 CONTROL REGISTER (COM5C)

7 6 5 4 3 2 1 0
SFR AFh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

COMSC Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.
PORT 3 (P3)
7 6 5 4 3 2 1 0
SFR BOh P3.7 P3.6 P3.5 P3.4 P33 P3.2 P3.1 P3.0
RD WR T1 TO INT1 INTO TXDO RXDO

RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

P3.7-0 General-Purpose 1/0 Port 3. This register functions as a general-purpose 1/O

Bits 7-0 port. In addition, all the pins have an alternative function listed below. Each of
the functions is controlled by several other SFRs. The associated Port 1 latch bit
must contain a logic one before the pin can be used in its alternate function

capacity.
RD External Data Memory Read Strobe. This pin provides an active low read
Bit 7 strobe to an external memory device.
WR External Data Memory Write Strobe. This pin provides an active low write
Bit 6 strobe to an external memory device.
T1 Timer/Counter External Input. A 1 to 0 transition on this pin will increment
Bit 5 Timer 1.
TO Counter External Input. A 1 to 0 transition on this pin will increment Timer 0.
Bit 4
INT1 External Interrupt 1. A falling edge/low level on this pin will cause an external
Bit 3 interrupt 1 if enabled.
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INTO External Interrupt 0. A falling edge/low level on this pin will cause an external
Bit 2 interrupt 0 if enabled.

TXDO Serial Port 0 Transmit. This pin transmits the serial port 0 data in serial port

Bit 1 modes 1, 2, 3 and emits the synchronizing clock in serial port mode 0.

RXD0 Serial Port 0 Receive. This pin receives the serial port 0 data in serial port modes
Bit 0 1, 2, 3 and is a bidirectional data transfer pin in serial port mode 0.

CAN 0 MESSAGE CENTER 6 CONTROL REGISTER (COM6C)

7 6 5 4 3 2 1 0
SFR B3h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0
R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset
CoOMo6C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description

of that register for more information.

CAN 0 MESSAGE CENTER 7 CONTROL REGISTER (COM7C)

7 6 5 4 3 2 1 0
SFR B4h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0
R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset
CoM7C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description

of that register for more information.

CAN 0 MESSAGE CENTER 8 CONTROL REGISTER (COMS8C)

7 6 5 4 3 2 1 0
SFR B5h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0
R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset
CoOMS8C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description

of that register for more information.
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CAN 0 MESSAGE CENTER 9 CONTROL REGISTER (COM9C)

7 6 5 4 3 2 1 0
SFR B6h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CoMoC Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.

CAN 0 MESSAGE CENTER 10 CONTROL REGISTER (COM10C)

7 6 5 4 3 2 1 0
SFR B7h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

COM10C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.
INTERRUPT PRIORITY (IP)
7 6 5 4 3 2 1 0
SFR B8h — PS1 PT2 PSO PT1 PX1 PTO PX0

— RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Bit 7 Reserved. Read data is indeterminate.
PS1 Serial Port 1 Interrupt. This bit controls the priority of the serial port 1
Bit 6 interrupt.

0 = Serial port 1 priority is determined by the natural priority order.
1 = Serial port 1 is a high priority interrupt.

PT2 Timer 2 Interrupt. This bit controls the priority of Timer 2 interrupt.
Bit 5 0 = Timer 2 is determined by the natural priority order.

1 = Timer 2 is a high priority interrupt.
PSO Serial Port 0 Interrupt. This bit controls the priority of the serial port 0
Bit 4 interrupt.

0 = Serial port 0 priority is determined by the natural priority order.
1 = Serial port 0 is a high priority interrupt.

PT1 Timer 1 Interrupt. This bit controls the priority of Timer 1 interrupt.
Bit 3 0 = Timer 1 is determined by the natural priority order.
1 = Timer 1 is a high priority interrupt.
PX1 External Interrupt 1. This bit controls the priority of external interrupt 1.
Bit 2 0 = External interrupt 1 is determined by the natural priority order.

1 = External interrupt 1 is a high priority interrupt.
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PTO
Bit 1

PX0
Bit 0

Timer 0 Interrupt. This bit controls the priority of Timer O interrupt.

0 = Timer 0 is determined by the natural priority order.
1 = Timer 0 is a high priority interrupt.
External Interrupt 0. This bit controls the priority of external interrupt 0.
0 = External interrupt 0 is determined by the natural priority order.
1 = External interrupt O is a high priority interrupt.

SLAVE ADDRESS MASK ENABLE REGISTER 0 (SADENO)

7 6 5 4 3 2 1 0
SFR B9h | SADENO0.7 | SADENO0.6 | SADENO.5 | SADENO0.4 | SADENO0.3 | SADENO0.2 | SADENO.1 | SADENO.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
SADENO0.7-0 Slave Address Mask Enable Register 0. This register functions as a mask when
Bits 7-0 comparing serial port 0 addresses for automatic address recognition. When a bit

in this register is set, the corresponding bit location in the SADDRO register will
be exactly compared with the incoming serial port 0 data to determine if a
receiver interrupt should be generated. When a bit in this register is cleared, the
corresponding bit in the SADDRO register becomes a “don’t care” and is not
compared against the incoming data. All incoming data will generate a receiver
interrupt when this register is cleared.

SLAVE ADDRESS MASK ENABLE REGISTER 1 (SADEN1)

7 6 5 4 3 2 1 0
SFR BAh| SADENI1.7 | SADEN1.6 | SADENI1.5 | SADEN1.4 | SADEN1.3 | SADENI1.2 | SADENI1.1 | SADENI1.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
SADEN1.7-0 Slave Address Mask Enable Register 1. This register functions as a mask when
Bits 7-0 comparing serial port 1 addresses for automatic address recognition. When a bit

in this register is set, the corresponding bit location in the SADDRI register will
be exactly compared with the incoming serial port 1 data to determine if a
receiver interrupt should be generated. When a bit in this register is cleared, the
corresponding bit in the SADDRI register becomes a “don’t care” and is not
compared against the incoming data. All incoming data will generate a receiver
interrupt when this register is cleared.
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CAN 0 MESSAGE CENTER 11 CONTROL REGISTER (COM11C)

7 6 5 4 3 2 1 0
SFR BBh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

COM11C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.

CAN 0 MESSAGE CENTER 12 CONTROL REGISTER (COM12C)

7 6 5 4 3 2 1 0
SFR BCh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

COM12C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.

CAN 0 MESSAGE CENTER 13 CONTROL REGISTER (COM13C)

7 6 5 4 3 2 1 0
SFR BDh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

COM13C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.

CAN 0 MESSAGE CENTER 14 CONTROL REGISTER (COM14C)

7 6 5 4 3 2 1 0
SFR BEh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

COM14C Operation of the bits in this register are identical to those found in the CAN 0
Bits 7-0 Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.
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CAN 0 MESSAGE CENTER 15 CONTROL REGISTER (COM15C)

SFR BFh

COM15C
Bits 7-0

7 6 5 4 3 2 1 0
MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

Operation of the bits in this register are identical to those found in the CAN 0
Message One Control Register (COM1C;ABh). Please consult the description
of that register for more information.

SERIAL PORT CONTROL (SCONH1)

7 6 5 4 3 2 1 0
SFR COh | SMO/FE 1 | SM1 1| SM2 1 | REN 1 TBS 1 RBS 1 TI 1 RI 1
RW-0 RW-0  RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
SM0-2 Serial Port 1 Mode. These bits control the mode of serial port 1 as shown below.
Bits 7-5 In addition, the SMO0 and SM2 bits have secondary functions as shown below.
SMO | SM1 | SM2 | MODE FUNCTION LENGTH PERIOD
0 0 0 0 Synchronous 8 bits 12 terk
0 1 0 Synchronous 8 bits 4 terk
1 X 1 Asynchronous 10 bits Timer 1 or 2
baud rate equation
1 0 0 2 Asynchronous 11 bits 64 terk (SMOD=0)
32 tCLK (SMODZI)
1 0 1 1 . Asynchronous Wlth . 11 bits 64 teLk (SMODZO)
Multiprocessor communication 32 terk (SMOD=1)
1 1| o 3 Asynchronous 11 bits Timer 1 or2
baud rate equation
1 1 1 3 Asynchronous with 11 bits Timer 1 or 2
Multiprocessor communication baud rate equation
SMO/FE_1 Framing Error Flag. When SMODO0 (PCON.6)=0, this bit (SMO0) is used to
Bit 7 select the mode for serial port 1. When SMODO (PCON.6)=1, this bit (FE) will
be set upon detection of an invalid stop bit. When used as FE, this bit must be
cleared in software. Once the SMODO bit is set, modifications to this bit will not
affect the serial port mode settings. Although accessed from the same register,
internally the data for bits SMO and FE are stored in different locations.
SM1_1 No alternate function.
Bit 6
SM2-2 Multiple CPU Communications. The function of this bit is dependent on the
Bit 5 serial port 0 mode.

Mode 0: Selects 12 tcrk or 4 tepk period for synchronous serial port 0 data
transfers.
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Mode 1: When set, reception is ignored (RI 1 is not set) if invalid stop bit
received.

Mode 2/3: When this bit is set, multiprocessor communications are enabled in
modes 2 and 3. This will prevent the RI 1 bit from being set, and an
interrupt being asserted, if the 9th bit received is not 1.

REN 1 Receive Enable. This bit enables/disables the serial port 1 receiver shift register.
Bit 4 0 = Serial port 1 reception disabled.
1 = Serial port 1 receiver enabled (modes 1, 2, 3). Initiate synchronous reception
(mode 0).
TB8 1 9th Transmission Bit State. This bit defines the state of the 9th transmission bit
Bit 3 in serial port 1 modes 2 and 3.
RBS 1 9th Received Bit State. This bit identifies the state for the 9th reception bit
Bit 2 received data in serial pot 1 modes 2 and 3. In serial port mode 1, when
SM2 1=0, RBS8 1 is the state of the stop bit. RB8 1 is not used in mode 0.
TIL 1 Transmitter Interrupt Flag. This bit indicates that data in the serial port 1
Bit 1 buffer has been completely shifted out. In serial port mode 0, TI 1 is set at the

end of the 8th data bit. In all other modes, this bit is set at the end of the last data
bit. This bit must be manually cleared by software.

RI 1 Transmitter Interrupt Flag. This bit indicates that a byte of data has been

Bit 0 received in the serial port 1 buffer. In serial port mode 1, RI 1 is set at the end of
the 8th bit. In serial port mode 1, RI 1 is set after the last sample of the incoming
stop bit subject to the state of SM2 1. In modes 2 and 3, RI 1 is set after the last
sample of RB8 1. This bit must be manually cleared by software.

SERIAL DATA BUFFER 1 (SBUF1)
7 6 5 4 3 2 1 0

SFR Clh| SBUF1.7 | SBUF1.6 | SBUF1.5 | SBUF1.4 | SBUF1.3 | SBUF1.2 | SBUFI1.1 | SBUF1.0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
SBUF1.7-0 Serial Data Buffer 1. Data for serial port 1 is read from or written to this

Bits 7-0 location. The serial transmit and receive buffers are separate registers, but both
are addressed at this location.
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POWER MANAGEMENT REGISTER (PMR)

7

6 5 4 3 2 1 0

SFR C4h

CD1

CDO SWB CT™M 4X/2X | ALEOFF 1

R*-1

R*-0 RW-0 R*-0 R*-0 RW-0 R-1

R = Unrestricted Read, W = Unrestricted Write, * = See description below, -n = Value after Reset

CD1, CDO0
Bits 7-6

Clock Divide Control 1-0. These bits select the number of crystal oscillator
clocks required to generate one machine cycle. Switching between modes
requires a transition through the divide-by-4 mode (CD1, CD0=10b). For
example, to go from 1 to 1024 clocks per machine cycle the device must first go
from 1 to 4 clocks per cycle, and then from 4 to 1024 clocks per cycle. Attempts
to perform an invalid transition will be ignored. The setting of these bits affects
the timers and serial ports as shown below. Attempts to change these bits to the
frequency multiplier (1 or 2 clocks per cycle) setting will fail when running from
the internal ring oscillator. In addition, it is not possible to change these bits to
the 1024 clocks per machine cycle setting while the switchback enable bit (SWB)
is set and any of the switchback sources (external interrupts or serial port transmit
or receive activity) are active.

CD1:0 | 4X/2X

OSCILLATOR
CYCLES PER
MACHINE.
CYCLE

OSC CYCLES
PER TIMER 0/1/2
CLOCK.

OSC CYCLES
PER TIMER 2
CLK, BAUD

TxM=0 | TxM=1

RATE GEN.

OSC CYCLES PER
SERIAL PORT CLK,
MODE 0

OSC CYCLES PER
SERIAL PORT CLK,
MODE 2

SM2=0 SM2=1

SMOD=0 | SMOD=1

00

1

12 1

2

3 1

64 32

00

2

12 2

2

6 2

64 32

01

Reserved

10

4

12 4

2

12 4

64 32

HRAX RO

11

1024

3072 1024

512

3072 1024

64 32

SWB
Bit 5

CTM
Bit 4

Switchback Enable. This bit allows an enabled external interrupt or serial port
activity to force the Clock Divide Control bits to the divide-by-4 state (10) when
the microcontroller is in the divide-by-1024 state. Upon internal
acknowledgement of an external interrupt, the device will switch modes at the
start of the jump to the interrupt service routine. Note that this means that an
external interrupt must actually be recognized (i.e., be enabled and not masked by
higher priority interrupts) for the switchback to occur. For serial port reception,
the switch occurs at the start of the instructions following the falling edge of the
start bit.
Crystal Multiplier Enable. The CTM bit enables/disables the Crystal Clock
Multiplier. The CTM bit can be changed only when the CD1 and CDO bits are set
to divide-by-4 mode and the RGMD is cleared to 0. When cleared this bit
disables the Crystal Clock Multiplier to save energy. Setting this bit enables the
Crystal Clock Multiplier, permitting the use of the 1 or 2 clock per machine cycle
speeds. The following procedure must be performed when setting the CTM bit.

1. Select the desired clock rate by the 4X/2X bit. (4X/2X =1, 1 clock per cycle,
4X/2X =0, 2 clocks per cycle).
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4X/2X
Bit 3

ALEOFF
Bit 2

Bits 1-0

2. Set the CTM bit. At this point the CKRY bit (EXIF.3) will be cleared,
indicating the internal clock stabilization period has commenced. Software is
prohibited from modifying the CD1, CDO bits while the CKRY bit is cleared.

3. Poll the CKRY bit until it is set.
4. Change CD0, CD1 bits to 00b.

CTM cannot be changed from a 1 to a 0 while the Crystal Clock Multiplier option
is selected by the CD1 and CDO clock control bits. The CTM is also
automatically cleared to a logic 0 when the processor enters into a Stop mode.

System Clock Multiplier. This bit selects the internal crystal oscillator
multiplier setting, which in turn establishes a speed of one or two clocks per
machine cycle. This bit can only be altered when the CTM bit is cleared to
prevent the corruption of the system clock.

0 = The device operates at a rate of two clocks per machine cycle.

1 = The device operates at a rate of one clock per machine cycle.

ALE Disable. This bit disables the expression of the ALE signal on the device
pin during all on-board program and data memory accesses. External memory
accesses will automatically enable ALE independent of the ALEOFF bit.

0 = ALE expression is enabled.

1 = ALE expression is disabled.

Reserved. These bits will read 1

STATUS REGISTER (STATUS)

SFR C5

7 6 5 4 3 2 1 0
PIP HIP LIP — SPTAl SPRA1 SPTAO SPRAO
R-0 R-0 R-0 R-* R-0 R-0 R-0 R-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset, * = See description

PIP
Bit 7

HP
Bit 6

LIP
Bit 5

Bit 4
SPTA1
Bit 3

SPRA1
Bit 2

Power-Fail Priority Interrupt Status. When set, this bit indicates that software
is currently servicing a power-fail interrupt. It is cleared when the program
executes the corresponding RETI instruction.

High Priority Interrupt Status. When set, this bit indicates that software is
currently servicing a high priority interrupt. It is cleared when the program
executes the corresponding RETT instruction.

Low Priority Interrupt Status. When set, this bit indicates that software is
currently servicing a low priority interrupt. It is cleared when the program
executes the corresponding RETI instruction.

Reserved. Read value will be indeterminate.

Serial Port 1 Transmit Activity Monitor. When set, this bit indicates that data
is currently being transmitted by serial port 1. It is cleared when the internal
hardware sets the TI 1 bit. Do not alter the Clock Divide Control bits (PMR.7-6)
while this bit is set or serial port data may be lost.

Serial Port 1 Receive Activity Monitor. When set, this bit indicates that data is
currently being received by serial port 1. It is cleared when the internal hardware
sets the RI 1 bit. Do not alter the Clock Divide Control bits (PMR.7-6) while this
bit is set or serial port data may be lost.
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SPTAO
Bit 1

SPRAO
Bit 0

Serial Port 0 Transmit Activity Monitor. When set, this bit indicates that data
is currently being transmitted by serial port 0. It is cleared when the internal
hardware sets the TI 1 bit. Do not alter the Clock Divide Control bits (PMR.7-6)
while this bit is set or serial port data may be lost.

Serial Port 0 Receive Activity Monitor. When set, this bit indicates that data is
currently being received by serial port 0. It is cleared when the internal hardware
sets the RI 1 bit. Do not alter the Clock Divide Control bits (PMR.7-6) while this
bit is set or serial port data may be lost.

MEMORY CONTROL REGISTER (MCON)

7

6 5 4 3 2 1 0

SFR C6h

IDM1

IDMO CMA 1 PDCE3 PDCE2 | PDCEIl PDCEO

IDM1, IDMO
Bits 7-6

CMA
Bit 5

Bit 4
PDCE3
Bit 3

RT-0

RT-0 RT-0 R-1 RT-0 RT-0 RT-0 RT-0

R = Unrestricted Read, T = Timed Access Write Only, -n = Value after Reset

Internal Data Memory Configuration Bits 1-0. These bits establish both the
address and type (data and/or program) of the internal 4kB internal SRAM as
shown in the table below. Note that a special lockout feature prevents the use of
the Program and/or Data Memory configuration (IDM1, IDMO = 11b) and the 10-
bit stack pointer (SA=1) at the same time. The IDM1, IDMO bits can be set to 11b
only when the SA bit (ACON.2) is cleared, and the SA bit cannot be set while the
IDM1, IDMO bits are equal to 11b. Attempts to modify the IDMx or SA bits in

these situations will fail and the bit(s) will remain unchanged.
4kB Internal SRAM
IDM1 IDMO Memory Location Memory Assignment
0 0 00F000h-00FFFFh Data Memory
0 1 000000h-000FFFh Data Memory
1 0 400000h-400FFFh Data Memory
1 1 400000h-400FFFh Program and/or Data Memory

CAN Data Memory Assignment. This bit selects the address of the 256-byte
blocks of CAN Data Memory associated with both CAN controllers.

CMA CAN 0 Memory Address CAN 1 Memory Address
0 (default) 00EEOOh-O0EEFFh 00EF00h-00EFFFh
1 401000h-4010FFh 401100h-4011FFh
Reserved

Program/Data Chip Enable 3. This bit selects whether the CE3 signal functions
as the chip enable for external program memory only (PDCE=0), or as a merged
chip enable for program and data memory (PDCE=1). When PDCE=1, the

microprocessor will use the PSEN signal instead of the RD signal when reading
from external MOV X memory. The Port 4 Control register (P4CNT) determines

the memory range associated with CE3. This bit is ignored if CE3 has not been
previously enabled by the Port 4 Control register.
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PDCE2
Bit 2

PDCEI1
Bit 1

PDCE(
Bit 0

Program/Data Chip Enable 2. This bit selects whether the CE2 signal
functions as the chip enable for external program memory only (PDCE=0), or as
a merged chip enable for program and data memory (PDCE=1). When PDCE=1,
the microprocessor will use the PSEN signal instead of the RD signal when
reading from external MOVX memory. The Port 4 Control register (P4CNT)
determines the memory range associated with CE2 . This bit is ignored if CE2
has not been previously enabled by the Port 4 Control register.

Program/Data Chip Enable 1. This bit selects whether the CE1 signal functions
as the chip enable for external program memory only (PDCE=0), or as a merged
chip enable for program and data memory (PDCE=1). When PDCE=1, the
microprocessor will use the PSEN signal instead of the RD signal when reading
from external MOVX memory. The Port 4 Control register (P4CNT) determines
the memory range associated with CE1. This bit is ignored if CE1 has not been
previously enabled by the Port 4 Control register.

Program/Data Chip Enable 0. This bit selects whether the CE0 signal
functions as the chip enable for external program memory only (PDCE=0), or as
a merged chip enable for program and data memory (PDCE=1). When PDCE=1,
the microprocessor will use the PSEN signal instead of the RD signal when
reading from external MOV X memory. The Port 4 Control register (P4ACNT)
determines the memory range associated with CEO . This bit is ignored if CEO
has not been previously enabled by the Port 4 Control register.

TIMED ACCESS REGISTER (TA)

SFR C7h

TA.7-0
Bits 7-0

7 6 5 4 3 2 1 0
TA.7 TA.6 TA.S TA.4 TA.3 TA.2 TA.1 TA.O
W-1 W-1 W-1 W-1 W-1 W-1 W-1 W-1

W = Unrestricted Write, -n = Value after Reset

Timed Access. Correctly accessing this register permits modification of timed-
access protected bits. Write AAh to this register first, followed within 3 cycles by
writing 55h. Timed-access protected bits can then be modified for a period of 3
cycles measured from the writing of the 55h.
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TIMER 2 CONTROL (T2CON)

7

6 5 4 3 2 1 0

SFRC8h | TF2

| EXF2 | RCLK | TCLK | EXEN2 | TR2 C/T2 | CP/RL2

RW-0

TF2
Bit 7

EXF2
Bit 6

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Timer 2 Overflow Flag. This flag will be set when Timer 2 overflows from FFFFh or the
count equal to the capture register in down count mode. It must be cleared by software. TF2
will only be set if RCLK and TCLK are both cleared to 0.

Timer 2 External Flag. A negative transition on the T2EX pin (P1.1) or timer 2
underflow/overflow will cause this flag to set based on the CP/RL2 (T2CON.0), EXEN2
(T2CON.3), and DCEN (T2MOD.0) bits. If set by a negative transition, this flag must be
cleared to 0 by software. Setting this bit in software or detection of a negative transition on
the T2EX pin will force a timer interrupt if enabled.

NS}

EXEN2 | DCEN RESULT

0 Negative transitions on P1.1 will not affect this bit.

Negative transitions on P1.1 will not affect this bit.

X
1 X Negative transitions on P1.1 will set this bit.
0 0
1 0 Negative transitions on P1.1 will set this bit.

o oo»—aHE

Bit toggles whenever timer 2 underflows/overflows and can be used as a
17th bit of resolution. In this mode, EXF2 will not cause an interrupt.

o

1

RCLK
Bit 5

TCLK
Bit 4

EXEN2
Bit 3

Receive Clock Flag. This bit determines the serial port 0 timebase when receiving data in
serial modes 1 or 3.

0 = Timer 1 overflow is used to determine receiver baud rate for serial port 0.

1 = Timer 2 overflow is used to determine receiver baud rate for serial port 0.

Setting this bit forces timer 2 into baud-rate generation mode. The timer operates from a
divide-by-2 of the external clock. For revisions C and later of this device, setting this bit
doubles the receiver baud rate of serial port 1. When the RCLK bit is set, the clock circuitry
assumes the serial port 1 baud-rate doubler bit (WDCON.7) is 0 for the purposes of calculating
the serial port receiver baud rate. If the system design requires the use of serial port 1 and the
setting of RCLK, then simply calculate a new reload value for serial port 1 corresponding to a
baud rate that is half the desired rate. This feature halves the doubled baud rate, allowing serial
port 1 to operate at the desired baud rate.

Transmit Clock Flag. This bit determines the serial port 0 timebase when transmitting data in
serial modes 1 or 3.

0 = Timer 1 overflow is used to determine transmitter baud rate for serial port 0.

1 = Timer 2 overflow is used to determine transmitter baud rate for serial port 0.

Setting this bit forces timer 2 into baud-rate generation mode. The timer operates from a
divide-by-2 of the external clock. For revisions C and later of this device, setting this bit
doubles the transmitter baud rate of serial port 1. When the TCLK bit is set, the clock circuitry
assumes the serial port 1 baud-rate doubler bit (WDCON.7) is 0 for the purposes of calculating
the serial port receiver baud rate. If the system design requires the use of serial port 1 and the
setting of TCLK, then simply calculate a new reload value for serial port 1 corresponding to a
baud rate that is half the desired rate. This feature halves the doubled baud rate, allowing serial
port 1 to operate at the desired baud rate.

Timer 2 External Enable. This bit enables the capture/ reload function on the T2EX pin if
Timer 2 is not generating baud rates for the serial port.

0 = Timer 2 will ignore all external events at T2EX.

1 = Timer 2 will capture or reload a value if a negative transition is detected on the T2EX pin.
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TR2 Timer 2 Run Control. This bit enables/disables the operation of timer 2. Halting this timer
Bit 2 will preserve the current count in TH2, TL2.

0 = Timer 2 is halted.

1 = Timer 2 is enabled.

C/T2 Counter/Timer Select. This bit determines whether timer 2 will function as a timer or counter.
Bit 1 Independent of this bit, timer 2 runs at 2 clocks per tick when used in either baud rate generator
or clock output mode.
0 = Timer 2 function as a timer. The speed of timer 2 is determined by the T2M bit
(CKCON.5).

1 = Timer 2 will count negative transitions on the T2 pin (P1.0).

CP/RL2 Capture/Reload Select. This bit determines whether the capture or reload function will be
Bit 0 used for timer 2. If either RCLK or TCLK is set, this bit will not function and the timer will
function in an auto-reload mode following each overflow.
0 = Auto-reloads will occur when timer 2 overflows or a falling edge is detected on T2EX if
EXEN2=1.
1 = Timer 2 captures will occur when a falling edge is detected on T2EX if EXEN2 = 1.

TIMER 2 MODE (T2MOD)

7 6 5 4 3 2 1 0
SFRCO9r | 1 | 1 | 1 | DI3T1 | DI3T2 | 1 | T20E | DCEN |
R-1 R-1 R-1 RW-0 RW-0 R-1 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Bits 7-5 Reserved.
D13T1 Divide-by-13 Clock Option for Timer 1. The D13T1 bit provides an alternate clock
Bit4 source to the Timer 1 in place of the normal external T1 input pin. When D13T1 is

cleared to 0 (the default Reset state), the clock source for Timer 1 is supplied through the
standard T1 external input pin, the divide-by-12 of the system clock (T1M = 0) or the

divide-by-4 of the oscillator (T1M = 1), as controlled by TIM and C/T . When D13T1 is
set to a 1 the clock source for Timer 1 is supplied through a separate divide-by-13 of the

system clock independent of TIM. The C/T bit must also be programmed to a 1 to
select the divide-by-13 counter.

D13T2 Divide-by-13 Clock Option for Timer 2. The D13T2 bit provides an alternate clock

Bit 3 source to the Timer 2 in place of the normal external T2 input pin. When D13T2 is
cleared to O (the default Reset state), the clock source for Timer 2 is supplied through the
standard T2 external input pin, the divide-by-12 of the oscillator (T2M = 0) or the divide-

by-4 of the system clock (T2M = 1), as controlled by T2M and C/ T2. When D13T2 is
set to a 1 the clock source for Timer 2 is supplied through a separate divide-by-13 of the

system clock independent of T2M. The C/ T2 bit must also be programmed to a 1 to
select the divide-by-13 counter.

Bit 2 Reserved.
T20E Timer 2 Output Enable. This bit enables/disables the clock output function of the T2
Bit 1 pin (P1.0). 0= The T2 pin functions as either a standard port pin or as a counter input

for timer 2. 1 = Timer 2 will drive the T2 pin with a clock output if C/T2=0. Also, timer
2 rollovers will not cause interrupts.
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DCEN
Bit 0

TIMER 2 CAPTURE LSB (RCAP2L)

7

DCEN T2EX DIRECTION
1 1 Up
1 0 Down
0 X Up
6 5 4 3 2 1

Down Count Enable. This bit, in conjunction with the T2EX pin, controls the
direction that timer 2 counts in 16-bit auto-reload mode.

0

SFR CAh | RCAP2L.7 | RCAP2L.6 | RCAP2LS | RCAP2L4 | RCAP2L.3 | RCAP2L2 | RCAP2L. | RCAP2L.O

RW-0

RCAP2L.7-0

Bits 7-0

RW-0

RW-0

TIMER 2 CAPTURE MSB (RCAP2H)

RW-0

RW-0

RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

RW-0

RW-0

Timer 2 Capture LSB. This register is used to capture the TL2 value when timer
2 is configured in capture mode. RCAP2L is also used as the LSB of a 16-bit
reload value when timer 2 is configured in auto-reload mode.

7 6 5 4 3 2 1 0
SFR CBh| RCAP2H | RCAP2H | RCAP2H | RCAP2H | RCAP2H | RCAP2H | RCAP2H | RCAP2H
i .6 5 4 3 2 A .0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
RCAP2H.7-0 Timer 2 Capture MSB. This register is used to capture the TH2 value when
Bits 7-0 timer 2 is configured in capture mode. RCAP2H is also used as the MSB of a 16-

bit reload value when timer 2 is configured in auto-reload mode.

TIMER 2 LSB (TL2)

SFR CCh

TL2.7-0
Bits 7-0

7 6 5 4 3 2 1 0
TL2.7 TL2.6 TL2.5 TL2.4 TL2.3 TL2.2 TL2.1 TL2.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Timer 2 LSB. This register contains the least significant byte of Timer 2.
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TIMER 2 MSB (TH2)

7 6 5 4 3 2 1 0
SFR CDh | TH2.7 TH2.6 TH2.5 TH2.4 TH2.3 TH2.2 TH2.1 TH2.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
TL2.7-0 Timer 2 MSB. This register contains the least significant byte of Timer 2.
Bits 7-0
CLOCK OUTPUT REGISTER (COR)
7 6 5 4 3 2 1 0
SFR CEh |[IRDACK| C1BPR7 | C1BPR6 | COBPR7 | COBPR6 | CODI1 CODO CLKOE
RT-0 RT-0 RT-0 RT-0 RT-0 RT-0 RT-0 RT-0
R = Unrestricted Read, T = Timed Access Write Only, -n = Value after Reset
IRDACK IRDA Clock Output Enable. This bit determines which clock signal will be
Bit 7 asserted on port pin P3.5 when the CLKOE bit is set. Please consult the
description of the CLKOE bit for more information.
0 = The port pin P3.5 will output a signal determined by the Clock Output Divide
Bits (COR.1 and COR.2).
1 = The port pin P3.5 will output a signal that is 16 times the programmed baud
rate associated with Serial Port 0.
C1BPR7, C1BPR6 CAN 1 Baud Rate Prescaler Bits. These bits establish bits 7 and 6 of the eight-
Bit 6-5 bit CAN 1 Baud Rate Prescaler. These bits can not be modified while the SWINT
bit in the CAN1 Control Register is cleared to 0. The remaining six bits are
located in the CAN 1 Bus Timing Register Zero (C1BTO0) located in the CAN
MOVX memory.
COBPR7, COBPR6 CAN 0 Baud Rate Prescaler Bits. These bits establish bits 7 and 6 of the eight-
Bit 4-3 bit CAN 0 Baud Rate Prescaler. These bits can not be modified while the SWINT
bit in the CAN 0 Control Register is cleared to 0. The remaining six bits are
located in the CAN 0 Bus Timing Register Zero (COBTO) located in the CAN
MOVX memory.
COD1, CODO Clock Output Divide Select bits. These bits select the frequency of signal
Bit 2-1 asserted on port pin P3.5 when CLKOE=1 and IRDACK=0. Please consult the

description of the CLKOE bit for more information.

COD1 CODO P3.5 Output Frequency
0 0 System clock divided by 2
0 1 System clock divided by 4
1 0 System clock divided by 6
1 1 System clock divided by 8
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CLKOE
Bit 0

External Clock Output Enable. This bit enables the optional clock output
functions on port pin P3.5. Associated bits are shown in the following table.

CLKOE IRDACK COD1 CODO P3.5 Output
0 X X X General purpose I/O or T1 function
1 1 X X 16 x serial port 0 baud rate
1 0 0 0 System clock divided by 2
1 0 0 1 System clock divided by 4
1 0 1 0 System clock divided by 6
1 0 1 1 System clock divided by 8

PROGRAM STATUS WORD (PSW)

SFR DOh

CYy
Bit 7

AC
Bit 6

FO

Bit 5
RS1, RSO
Bits 4-3

ov
Bit 2

F1

Bit 1
PARITY
Bit 0

7 6 5 4 3 2 1 0
CY AC FO RS1 RSO ov F1 PARITY
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

Carry Flag. This bit is set when if the last arithmetic operation resulted in a carry
(during addition) or a borrow (during subtraction). Otherwise it is cleared to 0 by
all arithmetic operations.

Auxiliary Carry Flag. This bit is set to 1 if the last arithmetic operation resulted
in a carry into (during addition), or a borrow (during subtraction) from the high
order nibble. Otherwise it is cleared to 0 by all arithmetic operations.

User Flag 0. This is a bit-addressable, general-purpose flag for software control.

Register Bank Select 1-0. These bits select which register bank is addressed
during register accesses.

RS1 RS0 REGISTER BANK ADDRESS
0 0 0 00h — 07h
0 1 1 08h — OFh
1 0 2 10h—17h
1 1 3 18h — 1Fh

Overflow Flag. This bit is set to 1 if the last arithmetic operation resulted in a
carry (addition), borrow (subtraction), or overflow (multiply or divide).
Otherwise it is cleared to 0 by all arithmetic operations.

User Flag 1. This is a bit-addressable, general-purpose flag for software control.

Parity Flag. This bit is set to 1 if the modulo-2 sum of the eight bits of the
accumulator is 1 (odd parity); and cleared to 0 on even parity.
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MULTIPLIER CONTROL REGISTER ZERO (MCNTO0)

SFRD1h | LSHIFT |

LSHIFT
Bit 7

CSE

Bit 6

SCE
Bit 5

7

6 5 4 3 2 1 0

CSE | SCE | MAS4 | MAS3 | MAS2 | MASI | MASO

RW-0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Read, -n = Value after Reset

Left Shift. This bit works in conjunction with the SCE and CSE bits to
determine the direction and path of arithmetic accelerator shift operations as

shown below. When LSHIFT =0, shift operations will shift from the LSb to the
MSD, and vice versa when LSHIFT =1. LSHIFT does not alter any other type of

calculation other than the shift function. The LSHIFT bit is cleared to 0 following
a either a system reset or the initialization of the accelerator.

Circular Shift Enable. This bit works in conjunction with the SCE and LSHIFT
bits to determine the direction and path of arithmetic accelerator shift operations
as shown below. When CSE=1, shifts of the arithmetic accelerator will wrap bit

31 to bit 0 or vice versa depending on the settings of the LSHIFT bits. When
CSE is cleared to a 0, all left or right shifts will shift cleared bit values into the
most significant bit for a right shift and the least significant bit for a left shift.
When CSE is set to a 1 and SCB is set to a 1, the most significant bit will be
shifted into the 32 Bit Carry Bit when doing a left shift and least most significant
bit will be shifted into the 32 Bit Carry Bit when doing a right shift. The CSE bit
is cleared to 0 following a system reset.

Shift Carry Enable. This bit works in conjunction with the CSE and LSHIFT
bits to determine the direction and path of arithmetic accelerator shift operations
as shown below. When SCE=1 the arithmetic accelerator carry bit will be shifted
into the LSb for a left shift and into the MSb for a right shift. When SCE=0, shifts
will not incorporate the arithmetic accelerator carry bit as a part of the shifting
process. If CSE=0 the arithmetic accelerator carry bit will remain unchanged
during the shift process. If CSE=1 the MSb will be shifted into the carry bit on a
left shift and the least most significant bit of the arithmetic accelerator will be
shifted into the carry bit on a right shift. The SCE bit is cleared to 0 following a
system reset.

Arithmetic Accelerator Values After Shift

SCE CSE  LSHIFT  MSb (bit 31) LSb (bit 0) Carry bit
0 0 0 Previous bit 30 Previous bit 0 unchanged
0 0 1 0 Previous bit 1 unchanged
0 1 0 Previous bit 30  Previous bit 31 unchanged
0 1 1 Previous bit 0  Previous bit 1 unchanged
1 0 0 Previous bit 30  Previous carry unchanged
1 0 1 Previous carry  Previous bit 1 unchanged
1 1 0 Previous bit 30  Previous carry  Previous bit 31
1 1 1 Previous carry  Previous bit 1~ Previous bit 0
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MAS4-0
Bits 4-0

Multiplier Register Shift Bits. These bits determine the number of shifts
performed when a shift operation is performed with the arithmetic accelerator,
and are also used to indicate how many shifts were performed during a previous
normalization operation. These bits are cleared to 00000b following a system
reset or the initialization of the arithmetic accelerator. When these bits are cleared
to 00000b after loading the arithmetic accelerator, the device will normalize the
32-bit value loaded into the arithmetic accelerator Accumulator, rather than
shifting it. Following the normalization operation, the MAS4-0 bits will be
modified to indicate how many shifts were performed.

Number of shifts of Arithmetic

MAS4 MAS3 MAS2 MAS1 MASO
Accelerator Accumulator

Normalization
Shift by 1
Shift by 2
Shift by 3

o o o o
o o o o
o o o o
==
—_ o = O

1 1 1 1 0 Shift by 30
1 1 1 1 1 Shift by 31

MULTIPLIER CONTROL REGISTER ONE (MCNT1)

SFR D2h

MST
Bit 7

MOF
Bit 6

SCB
Bit 5

7

6 5 4 3 2 1 0

MST

MOF SCB CLM 1 1 1

RW-0

R-0 RW-0 RW-0 R-1 R-1 R-1 R-1
R = Unrestricted Read, W = Unrestricted Read, -n = Value after Reset

Multiply/Accumulate Status Flag. The MST bit serves as a busy flag for the
multiplier/accumulate hardware. The bit is set automatically when the processor
begins loading data into the MA or MB register, and will remain set until the
assigned task is completed. MST is automatically cleared by the multiplier/
accumulate hardware once an assigned task is completed and the results are ready
for the processor to read. MST=0 also indicates that the accelerator has been
initialized and can be loaded with new values. Clearing this bit by software from
a previous high state will terminate the current operation and initialize the
multiplier, allowing the immediate loading of new data into MA and/or MB to
perform a new calculation.

Multiply Overflow Flag. The MOF flag bit is cleared following a either a system
reset or the initialization of the accelerator. The MOF bit is automatically set
when the accelerator detects a divide-by-0, or when the result of the calculation is
larger than FFFFh.

Shift Carry Bit. The SCB bit is used as a carry bit for shift operation when SCE
bit is set to 1. Note that the SCB will not be cleared at the beginning of a new
operation and must be cleared by a write to this bit or a system reset.
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CLM
Bit 4
Bit 3-0

Clear Accelerator Registers. Writing a one to this bit will clear the MA, MB,
and MC registers. Reading this bit will always return a logic 0.

Reserved

MULTIPLIER A REGISTER (MA)

SFR D3h

Bits 7-0

7

6 5 4 3 2 1 0

RW-0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Read, -n = Value after Reset

Multiplier A Register. The MA Register is used as both a source and result
register for various arithmetic accelerator functions. When in the source mode it
is loaded with the numerator for divide operations and the multiplicand when
performing multiply operations. The MA register also holds the quotient of the
divide operations, multiply product, shift results, and mantissa of the normalize
function.

The MA register can receive or hold up to a 32-bit result, accessed by a series of
sequential writes to or reads from the register. Details of the sequencing are
explained in the arithmetic accelerator section of the user’s guide.

MULTIPLIER B REGISTER (B)

SFR D4h

Bits 7-0

7

6 5 4 3 2 1 0

RW-0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Read, -n = Value after Reset

Multiplier B Register. The MB Register is used as both a source and result
register for various arithmetic accelerator functions. When in the source mode it
is loaded with the dividend for divide operations and the multiplier when
performing multiply operations. The MA register also holds the remainder of the
divide operations.

The MB register can receive or hold up to a 32-bit result, accessed by a series of
sequential writes to or reads from the register. Details of the sequencing are
explained in the arithmetic accelerator section of the user’s guide.
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MULTIPLIER C REGISTER (C)

7 6 5 4 3 2 1 0
SFR D5h
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Read, -n = Value after Reset
Bits 7-0 Multiplier C Register. The MC Register allows access to the 40-bit accumulator

register for the arithmetic accelerator. Each time a multiply or divide (but not
shift or normalization) function is performed with the arithmetic accelerator the
result is added to the previous value in the MC register.

Data is read from the 40-bit accumulator MSB first, and five read operations must
be performed to read the entire value. Writes to the accumulator are performed
LSB first, but software may write as few registers as needed (i.e., 2 in the case of
a 16-bit value) provided the unloaded registers have been previously initialized to
00h. Details of the sequencing are explained in the Arithmetic Accelerator
section.

All 40 bits of the accumulator are cleared by a system reset, the setting of the
CLM bit or the setting of the MST bit in the MCNT1 SFR. The register can also
be cleared by performing five writes of 00h to the MC register.

CAN 1 RECEIVE MESSAGE STORED REGISTER 0 (C1RMS0)

7 6 5 4 3 2 1 0
SFR D6h
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, -n = Value after Reset

CAN 1 Receive Message Stored Register 0. This register indicates which of
CAN 1 message centers 1-8 have successfully received and stored a message
since the last read of this register. A logic one in a location indicates a
message has been received and stored for that message center. This register
is automatically cleared to 00h when read. This register should always be
read in conjunction with the CIRMSI register to ascertain the status of all
message centers.

C1RMSO0.7 Message Center 8, Message Received and Stored

Bit 7

C1RMS0.6 Message Center 7, Message Received and Stored

Bit 6

C1RMSO0.5 Message Center 6, Message Received and Stored

Bit 5

C1RMS0.4 Message Center 5, Message Received and Stored

Bit 4

C1IRMSO0.3 Message Center 4, Message Received and Stored

Bit 3
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C1RMS0.2
Bit 2
C1IRMSO0.1
Bit 1
C1RMS0.0
Bit 0

Message Center 3, Message Received and Stored
Message Center 2, Message Received and Stored

Message Center 1, Message Received and Stored

CAN 1 RECEIVE MESSAGE STORED REGISTER 1 (C1RMS1)

6 5 4 3 2 1 0
SFR D7h
R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, -n = Value after Reset

CAN 1 Receive Message Stored Register 1. This register indicates which of
CAN 1 message centers 9-15 have successfully received and stored a
message since the last read of this register. A logic one in a location indicates
a message has been received and stored for that message center. This register
is automatically cleared to 00h when read. This register should always be
read in conjunction with the CIRMSO0 register to ascertain the status of all
message centers.

Bit 7 Reserved

C1IRMSI1.6 Message Center 15, Message Received and Stored

Bit 6

C1RMS1.5 Message Center 14, Message Received and Stored

Bit 5

C1RMS1.4 Message Center 13, Message Received and Stored

Bit 4

C1IRMS1.3 Message Center 12, Message Received and Stored

Bit 3

C1RMS1.2 Message Center 11, Message Received and Stored

Bit 2

C1IRMSI1.1 Message Center 10, Message Received and Stored

Bit 1

C1IRMS1.0 Message Center 9, Message Received and Stored

Bit 0
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WATCHDOG CONTROL (WDCON)

SFRD8h | SMOD |

6 5 4 3 2 1 0
POR | EPFI | PFI WDIF WTRF EWT RWT
RT-* RW-0 RW-* RT-0 RW-* RT-* RT-0

R = Unrestricted Read, W = Unrestricted Write, T = Timed Access Write Only, -n = Value after Reset, * = See Description

SMOD
Bit 7

POR
Bit 6

EPFI
Bit 5

PFI
Bit 4

WDIF
Bit 3

Serial Modification. This bit controls the doubling of the serial port 1 baud rate

in modes 1, 2, and 3. This bit is ignored when RCLK =1 or TCLK = 1.

0 = Serial port 1 baud rate operates at normal speed

1 = Serial port 1 baud rate is doubled.

Power-on Reset Flag. This bit indicates whether the last reset was a power-on

reset. This bit is typically interrogated following a reset to determine if the reset

was caused by a power-on reset. It must be cleared by a Timed Access write

before the next reset of any kind or the software may erroneously determine that

another power-on reset has occurred. This bit is set following a power-on reset

and unaffected by all other resets.

0 = Last reset was from a source other than a power-on reset

1 = Last reset was a power-on reset.

Enable Power fail Interrupt. This bit enables/disables the ability of the internal

band-gap reference to generate a power-fail interrupt when V¢c falls below

approximately 4.5 volts. While in Stop mode, both this bit and the Band-gap

Select bit, BGS (EXIF.0), must be set to enable the power-fail interrupt.

0 = Power-fail interrupt disabled.

1 = Power-fail interrupt enabled during normal operation. Power-fail interrupt
enabled in Stop mode if BGS is set.

Power-Fail Interrupt Flag. When set, this bit indicates that a power-fail

interrupt has occurred. This bit must be cleared in software before exiting the

interrupt service routine, or another interrupt will be generated. Setting this bit in

software will generate a power-fail interrupt, if enabled.

Watchdog Interrupt Flag. This bit, in conjunction with the Watchdog Timer

Interrupt Enable bit, EWDI (EIE.4), and Enable Watchdog Timer Reset bit

(WDCON.1), indicates if a watchdog timer event has occurred and what action

will be taken. This bit must be cleared in software before exiting the interrupt

service routine, or another interrupt will be generated. Setting this bit in software

will generate a watchdog interrupt if enabled. This bit can only be modified using

a timed-access procedure.

EWT EWDI WDIF RESULT

X X 0 No watchdog event has occurred.

0 0 1 Watchdog time-out has expired. No interrupt has been
generated.

0 1 1 Watchdog interrupt has occurred.
Watchdog time-out has expired. No interrupt has been

1 0 1 generated. Watchdog timer reset will occur in 512 cycles
if RWT is not strobed.
Watchdog interrupt has occurred. Watchdog timer reset

1 1 1 will occur in 512 cycles if RWT is not set using a Timed
Access procedure.
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WTRF
Bit 2

EWT
Bit 1

RWT
Bit 0

Watchdog Timer Reset Flag. When set, this bit indicates that a watchdog timer
reset has occurred. It is typically interrogated to determine if a reset was caused
by watchdog timer reset. It is cleared by a power- on reset, but otherwise must be
cleared by software before the next reset of any kind or software may erroneously
determine that a watchdog timer reset has occurred. Setting this bit in software
will not generate a watchdog timer reset. If the EWT bit is cleared, the watchdog
timer will have no effect on this bit.

Enable Watchdog Timer Reset. This bit enables/disables the ability of the
watchdog timer to reset the device. This bit has no effect on the ability of the
watchdog timer to generate a watchdog interrupt. The time-out period of the
watchdog timer is controlled by the Watchdog Timer Mode Select bits
(CKCON.7-6). Clearing this bit will disable the ability of the watchdog timer to
generate a reset, but have no affect on the timer itself, or its ability to generate a
watchdog timer interrupt. This bit can only be modified using a Timed Access
Procedure. This bit is unaffected by all other resets.

0 = A timeout of the watchdog timer will not cause the device to reset.
1 = A timeout of the watchdog timer will cause the device to reset.

Reset Watchdog Timer. Setting this bit will reset the watchdog timer count.
This bit must be set using a Timed Access procedure before the watchdog timer
expires, or a watchdog timer reset and/or interrupt will be generated if enabled.
The time-out period is defined by the Watchdog Timer Mode Select bits
(CKCON.7-6). This bit will always be 0 when read.

CAN 1 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 0 (C1TMAO)

7 6 5 4 3 2 1 0
SFR DEh — — — — — — — —
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, -n= Value after Reset
CAN 1 Transmit Message Acknowledgement Register 0. This register
indicates which of CAN 1 message centers 1-8 have successfully transmitted
a message since the last read of this register. A logic one in a location
indicates a message has been transmitted from that message center. This
register is automatically cleared to 00h when read. This register should
always be read in conjunction with the CITMAI register to ascertain the
status of all message centers.
C1TMAO0.7 Message Center 8, Message Transmitted
Bit 7
C1TMAO.6 Message Center 7, Message Transmitted
Bit 6
C1TMAO0.5 Message Center 6, Message Transmitted
Bit 5
C1TMAO0.4 Message Center 5, Message Transmitted
Bit 4

72 of 158




High-Speed Microcontroller User's Guide: DS80C390 Supplement

C1TMAO0.3
Bit 3
C1TMAO0.2
Bit 2
C1TMAO.1
Bit 1
C1TMAO0.0
Bit 0

Message Center 4, Message Transmitted
Message Center 3, Message Transmitted
Message Center 2, Message Transmitted

Message Center 1, Message Transmitted

CAN 1 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 1 (C1TMA1)

7 6 5 4 3 2 1 0
SFR DFh — — — — — — — —
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, -n = Value after Reset

CAN 1 Transmit Message Acknowledgement Register 1. This register
indicates which of CAN 1 message centers 9-15 have successfully
transmitted a message since the last read of this register. A logic one in a
location indicates a message has been transmitted for that message center.
This register is automatically cleared to 00h when read. This register should
always be read in conjunction with the CI TMAO register to ascertain the
status of all message centers.

Bit 7 Reserved

C1TMAL.6 Message Center 15, Message Transmitted

Bit 6

C1ITMAL.S Message Center 14, Message Transmitted

Bit 5

C1TMA14 Message Center 13, Message Transmitted

Bit 4

C1TMAL1.3 Message Center 12, Message Transmitted

Bit 3

C1TMA1.2 Message Center 11, Message Transmitted

Bit 2

C1TMAL1.1 Message Center 10, Message Transmitted

Bit 1

C1ITMAL.0 Message Center 9, Message Transmitted

Bit 0
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ACCUMULATOR (A or ACC)
7 6 5 4 3 2 1 0
SFR EOh | ACC.7 ACC.6 ACC.5 ACCA4 ACC.3 ACC.2 ACC.1 ACC.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

ACC.7-0 Accumulator. This register serves as the accumulator for arithmetic operations.
Bits 7-0 It is functionally identical to the accumulator found in the 80C32.

CAN 1 CONTROL REGISTER (C1C)

7 6 5 4 3 2 1 0
SFRE3h | ERIE | STIE | PDE | — | CRST | AUTOB | ERCS | SWINT |
RW-0 RW-0 RW-0 RW-0 RT-1 RW-0 RW-0 RW-1

R = Unrestricted Read, W = Unrestricted Write, T = Timed Access Write Only, -n = Value after Reset

ERIE CAN 1 Error Interrupt Enable.

Bit 7 0 = CAN 1 Error Interrupt is disabled.
1 = Setting this bit while the C1IE bit (EIE.5) and Global Interrupt Enable bits
(IE.7) are set will generate an interrupt if the CAN 1 Bus Off (BUSOFF) or CAN
1 Error Count Exceeded bit (CECE) bits are set.

STIE CAN 1 Status Interrupt Enable.

Bit 6 0 = CAN 1 Status Interrupt is disabled.
1 = If the C1IE bit (EIE.5) is set, an interrupt will be generated if the CAN 1
Transmit Status bit (TXS), Receive Status bit (RXS) or the Wake-Up Status bit
(WKS) is set. An interrupt will also be generated if the Status Error bits (ER2-0)
change a non-000b or non-111b state.

PDE CAN 1 Power-Down Enable. Setting this bit places the CAN 1 module into its

Bit 5 lowest power mode. The module will enter power-down mode immediately upon
setting this bit, or following the completion of the current reception, transmission,
arbitration failure, or error condition on CAN 1. Software can poll the PDE bit to
ascertain whether the microcontroller has entered power-down mode (PDE=1) or
is waiting for a current CAN operation to complete (PDE=0) before entering
power-down Mode.
Power-down mode is exited by clearing the PDE bit or by any reset of the
microcontroller. The CAN 1 module will begin operation after the receipt of 11
consecutive recessive bits.

Reserved This bit is reserved and must always remain 0. Attempts to set the bit to 1 will

Bit 4 cause improper device operation.
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CRST
Bit 3

AUTOB
Bit 2

ERCS
Bit 1

SWINT
Bit 0

CAN 1 Reset. Setting this bit by a Timed Access write will reset all CAN 1
registers in the SFR map to their reset default states. The module will reset the
registers immediately upon setting this bit, or following the completion of the
current reception, transmission, arbitration failure, or error condition on CAN 1.
Software can poll the CRST bit to ascertain whether the microcontroller has
successfully reset the registers (CRST =1) or is waiting for a current CAN
operation to complete (CRST =0) before resetting the registers. Setting the CRST
bit also clears the transmit and receive error counters and sets the SWINT bit.

CRST must be cleared by software to remove the CAN reset. The state of the
SWINT and BUSOFF bits determines the action of the device when the CRST bit
is cleared.

CAN 1 Autobaud. Setting this bit allows the CAN 1 module to establish proper
CAN bus timing without disrupting the normal data flow between other nodes on
the CAN Bus. When in the autobaud mode, incoming data on the CI1RX pin is
internally ANDed with transmit data generated by the CAN 1 module. An internal
loop back feeds this combined data stream back into the input of the CAN 1
module. At the same time, C1TX pin is placed into a recessive state to prevent
driving non-synchronized data (creating CAN Bus errors to other nodes) while
attempting to synchronize the processor with the CAN Bus.

With AUTOB = 1, the microcontroller auto-baud algorithm will make use of the
CAN 1 Status Register RXS and error status bits to determine when a message is
successfully received (when AUTOB =1, a successful receive does not require a
store). Each successive baud rate attempt is proceeded by the microcontroller
clearing the transmit and receive error counters by a write of 00h to the Transmit
Error SFR Register and a read of the CAN 1 Status Register to clear the previous
Status Change Interrupt. Note that a write to the Transmit Error SFR Register
automatically resets the CAN fault confinement state machine to an initial (error
active) state if the error counters are cleared to 00h. If, however, the error counters
are programmed to a value greater than 128, the CAN module will be in a error
passive state. Appropriate flags are set when the error counter is written with any
value. A write of the Status Register is also used to remove the previous error
value in the ER2-0 bits. Clearing the error counters will also clear the EC96 bit, if
set.

When BUSOFF = 1, software is prohibited from writing to the error counters by
virtue of the fact that the SWINT bit is also forced to a 0 state during the period
that the CAN module performs a bus recovery and power-up sequence. Once the
CAN module has removed itself from the Bus Off condition it will also clear
BUSOFF = 0, set SWINT = 1, and will clear both the transmit and receive error
counters to 00h.

CAN 1 Error Count Select. This bit selects the number of transmit or receive
errors that will cause the CAN 1 Error Count Exceeded bit, CECE (C18S.6), to be
set.

0 = CECE bit set when the transmit or receive error counters exceed 95 errors.
1 = CECE bit set when the transmit or receive error counters exceed 127 errors.
CAN 1 Software Initialization Enable. This bit enables (SWINT=1) and
disables (SWINT=0) software write access to the first 16 bytes of the CAN 1
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MOVX SRAM. These bytes contain the CAN 1 Control/Status/Mask Registers.
Read access to all bytes in the CAN 1 MOVX SRAM is permitted at all times,
regardless of the state of the SWINT bit.

Setting SWINT=1 disables CAN 1 Bus activity, allowing software access to the
CAN 1 Control/Status/Mask Registers without corrupting CAN Bus transmission
or reception. A special lockout procedure delays the internal assertion of the
SWINT bit until all CAN 1 activity has ceased. The following procedure must be
followed when setting the SWINT bit to prevent the accidental corruption of CAN
Bus activity:

1. Write a 1 to the SWINT bit, starting the internal process to enter the software
initialization process.

2. Poll the SWINT bit until it is set. The lockout circuit will hold SWINT=0 if it
detects a reception, transmission, or arbitration in progress. When one of these
conditions ceases, or if an error occurs, the CAN module will set SWINT=1,
indicating that the CAN module is disabled and software can now write to the
first 16 bytes of the CAN 1 MOVX SRAM. Attempts to modify the first 16
bytes of the CAN 1 MOVX SRAM while SWINT=0 will fail, leaving the
bytes unchanged.

The SWINT bit controls access to several other bits and registers. The CAN 1
Transmit Error Register (C1TE;A6h) and CAN 1 Receive Error Register
(CIRE;A7h) are only modifiable while SWINT=1.

The BUSOFF bit has a direct interaction with the SWINT bit. When a Bus Off
condition is detected (BUSOFF=1), the CAN module will automatically clear
SWINT=0 and initiate a bus recovery and power-up sequence. Write access to the
SWINT bit is prohibited until the Bus Off condition has been cleared and
BUSOFF has been reset to 0.

The SWINT bit is also set automatically following a system reset, the setting of
the CRST bit in the CAN 1 Control Register, or programming the CAN Bus
Timing Registers (C1BTO0, C1BT1 in the MOVX SRAM) to 00h (an invalid
state). As a precaution against utilizing the CAN with invalid bus timing, the
SWINT bit cannot be cleared while C1IBT0=C1BT1=00h. When this bit is
cleared, the CAN 1 module will initiate a CAN Bus synchronization after the
CAN module executes a power-up sequence (reception of 11 consecutive
recessive bits.)
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CAN 1 STATUS REGISTER (C1S)

7 6 5 4 3 2 1 0
SFRE4h |BUSOFF| CECE | WKS | RXS | TXS | ER2 | ERI | ERO
R-0 R-0 R-0 RW-0  RW-0 R-0 R-0 R-0

BUSOFF
Bit 7

CECE
Bit 6

WKS
Bit 5

RXS
Bit 4

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

CAN 1 Bus Off. When BUSOFF = 1, the CAN 1 Bus is disabled and is not
capable of receiving or transmitting messages. This condition is the result of the
transmit error counter reaching a count of 256. When the CAN 1 module detects
an error count of 256 the CAN module will automatically set BUSOFF = 1 and
clear SWINT = 0.

BUSOFF is cleared to a 0 to enable CAN 1 Bus activity when the CAN processor
completes both the busoff recovery (128 X 11 consecutive recessive bits) and the
power-up sequence (11 consecutive recessive bits). Once the CAN module has
completed this relationship it will set SWINT = 1 and will enter into the software
initialization state. Once software has cleared SWINT to a 0, the CAN module
will be enabled to transmit and receive messages. When BUSOFF = 0, the CAN 1
Bus is enabled to receive or transmit messages. A change in the state of BUSOFF
from a previous 0 to a 1 will generate an interrupt if the ERIE, C1IE and IE SFR
register bits are set. All microcontroller writes to the SWINT bit are disabled
when BUSOFF = 1. Both the transmit and receive error counters are cleared to 00
hex when the Bus Off condition is cleared by the CAN module and BUSOFF is
cleared to 0.

CAN 1 Error Count Exceeded. This bit operates in one of two modes,
depending on the state of the ERCS bit in the CAN 1 Control Register.

ERCS = 0 (Error count limit=96) In this mode when CECE=1, the interrupt
flag indicates that either the CAN 1 Transmit Error Counter or the CAN 1
Receive Error Counter has reached an error count of 96, which represents an
exceptionally high number of errors. CECE=0 indicates that both error
counters have an error count of less than 96. A 0 to 1 transition of CECE will
generate an interrupt if the ERIE, C11IE and IE SFR bits are set.

ERCS =1 (Error count limit=128) In this mode when CECE=1, the interrupt
flag indicates that either the CAN 1 Transmit Error Counter or the CAN 1
Receive Error Counter has reached an error count of 128, which represents an
exceptionally high number of errors. CECE = 0 indicates that the current
Transmit Error Counter and Receive Error Counter both have an error count
of less than 128. A change in the state of CECE from either a previous 0 to a

1 or from a previous 1 to 0 will generate an interrupt if the ERIE, C1IE and
IE SFR bits are set.

CAN 1 Wake-up Status. When WKS=1, the CAN 1 module is in power-down
mode. Clearing the PDE bit forces WKS=0. A change in the state of WKS from a
previous 1 to 0 will generate an interrupt if the STIE, C1IE and IE SFR bits are
set.

CAN 1 Receive Status. This bit indicates whether or not messages have been
received since the last read of the CAN 1 Status Register. RXS is only set by the
CAN 1 logic and must be cleared by the microcontroller software, the CRST bit,
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TXS
Bit 3

or a system Reset.
1 = The meaning of RXS=1 is dependent on the autobaud bit, AUTOB.

AUTOB=0, RXS =1 indicates that a message has been both successfully
received and stored in one of the message centers by CAN 1 since the last
read of the CAN 1 Status Register.

AUTOB=1, RXS =1 indicates that a message has been successfully received
by CAN 1 since the last read of the CAN 1 Status Register. Note that
messages that are successfully received without errors but do not pass the
arbitration filtering will still set the RXS bit.

0 = No messages have been successfully received since the last read of the CAN 1
Status Register.

When STIE= 1 and the RXS bit transitions from O to 1, the CAN Interrupt
Register (C11E;A5h) will change to O1h to indicate a pending interrupt due to a
change in the CAN Status Register. Reading any bit in the C1S register will clear
the pending interrupt, causing the C1IE register to change to 00h if no interrupts
are pending or the appropriate value if a lower priority message center interrupt is
pending. If a second successful reception is detected prior to or after the clearing
of the RXS bit in the Status Register, a second status change interrupt flag will be
set, issuing a second interrupt. Each new successful reception will generate an
interrupt request independent of the previous state of the RXS bit, as long as the
CAN Status Register has been read to clear the previous status change interrupt
flag. Note that if software changes RXS from 0 to 1, an artificial Status Change
Interrupt (STIE=1) will be generated. Thus, if RXS was previously set to 0 and a
reception was successful, RXS will be set to 1 and an enabled interrupt may be
asserted. An interrupt may be asserted (if enabled) if software changes RXS from
0 to 1. If RXS was previously set to 1 and a reception was successful, RXS
remains set and an interrupt may be asserted if enabled. No interrupt will be
asserted if software attempts to set RXS=1 while the bit is already set.

CAN 1 Transmit Status. This bit indicates whether or not one or more messages
have been successfully transmitted since the last read of the CAN 1 Status
Register. TXS is only set by the CAN 1 logic and is not cleared by the CAN
controller but is only cleared by software, the CRST bit, or a system Reset.

1 = A message has been successfully transmitted by CAN 1 (error free and
acknowledged) since the last read of the CAN 1 Status Register.

0 = No messages have been successfully transmitted since the last read of the
CAN 1 Status Register.

When STIE= 1 and the TXS bit transitions from 0 to 1, the CAN 1 Interrupt
Register (C11E;ASh) will change to O1h to indicate a pending interrupt due to a
change in the CAN Status Register. Reading any bit in the C1S register will clear
the pending interrupt, causing the C1IE register to change to 00h if no interrupts
are pending or the appropriate value if a lower priority message center interrupt is
pending. If a second successful reception is detected prior to or after the clearing
of the RXS bit in the Status Register, a second status change interrupt flag will be
set, issuing a second interrupt. Each new successful reception will generate an
interrupt request independent of the previous state of the RXS bit, as long as the
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ER2-0
Bit 2-0

CAN Status Register has been read to clear the previous status change interrupt
flag. Note that if software changes TXS from 0 to 1, an artificial Status Change
Interrupt (STIE=1) will be generated. Thus, if TXS was previously set to 0 and a
reception was successful, TXS will be set to 1 and an enabled interrupt may be
asserted. An interrupt may be asserted (if enabled) if software changes TXS from
0 to 1. If TXS was previously set to 1 and a reception was successful, TXS
remains set and an interrupt may be asserted if enabled. No interrupt will be
asserted if software attempts to set TXS while it is already set.

CAN 1 Bus Error Status. These bits indicate the type of error, if any, detected
in the last CAN 1 Bus Frame. These bits will be reset to the 111b state following
any read of the C1S register (when SWINT=0), allowing software to determine if
a new error has been received since the last read of this register. The ER2-0 bits
are read only.

The ER2-0 bits are updated any time they change from 000b or 111b to another
value. If enabled, an interrupt will be generated at this time. Errors received while
the ER2-0 bits are in a non-000b or 111b state will be ignored, leaving ER2-0
unchanged and not generating enabled interrupts. This ensures that error
conditions will not be lost/overwritten before software has a chance to read the
CI1S register. Once the C1S register is read and the ER2-0 bits return to 111b, new
errors will be processed normally. In the case of simultaneous errors in multiple
CAN 1 message centers, only the highest priority error is indicated.

ER2 ER1 ERO0 Priority Error Conditions

0 0 0 N/A No Error in Last Frame

0 0 1 2 Bit Stuff Error

0 1 0 5 Format Error

0 1 1 4 Transmit Not Acknowledged Error
1 0 0 6(lowest)  Bit 1 Error

1 0 1 I(highest) Bit 0 Error

1 1 0 3 CRC Error

1 1 1 N/A No change since last C1S read

The following is a description of the different error types:

Bit Stuff Error: Occurs when the CAN controller detects more than 5 consecutive
bits of an identical state are received in an incoming message.

Format Error: Generated when a received message has the wrong format.
Transmit Not Acknowledged Error: Indicates that a data request message was sent
and the requested node did not acknowledged the message.

Bit 1 Error: Indicates that the CAN attempted to transmit a message and that
when a recessive bit was transmitted, the CAN bus was found to have a dominant
bit level. This error is not generated when the bit is a part of the arbitration field
(identifier and remote retransmission request).

Bit 0 Error: Indicates that the CAN attempted to transmit a message and that
when a dominant bit was transmitted, the CAN bus was found to have a recessive
bit level. This error is not generated when the bit is a part of the arbitration field.
The Bit 0 Error is set each time a recessive bit is received during the Busoff
recovery period.

CRC Error: Generated whenever the calculated CRC of a received message does
not match the CRC embedded in the message.
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CAN 1 INTERRUPT REGISTER (C1IR)

7 6 5 4 3 2 1 0
SFR ESh | | | | | | | |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset
C11IR.7-0 CAN 1 Interrupt Indicator 7-0 This register indicates the status of the interrupt
Bit 7-5 source associated with the CAN 1 module. Reading this register after the

generation of a CAN 1 Interrupt will identify the interrupt source as shown in the
table below. This register is cleared to 00h following a reset.

C1IR.7-0 Priority Interrupt Source
00h N/A No Pending Interrupt
01h I (highest)  Change in the CAN 1 Status Register
02h 2 Message 15
03h 3 Message 1
04h 4 Message 2
05h 5 Message 3
06h 6 Message 4
07h 7 Message 5
08h 8 Message 6
0%h 9 Message 7
0Ah 10 Message 8
0Bh 11 Message 9
0Ch 12 Message 10
0Dh 13 Message 11
OEh 14 Message 12
OFh 15 Message 13
10h 16 (lowest)  Message 14

The C1IR value will not change unless the previous interrupt source has been
acknowledged and removed (i.e., software read of the C18S register or clearing of
the appropriate INTRQ bit), even if the new interrupt has a higher priority. If two
enabled interrupt sources become active simultaneously, the interrupt of higher
priority will be reflected in the C1IR value.

The CAN 1 interrupt source into the interrupt logic is active whenever C11IR is not
equal to 00h. Changes in the C1IR value from 00h to a non-zero state, indicate the
first interrupt source detected by the CAN module following the non-active
interrupt state. The C1IR interrupt values displayed in C1IR will remain in place
until the respective interrupt source is removed, independent of other higher (or
lower) priority interrupts that become active prior to clearing the currently
displayed interrupt source.

When the current CAN interrupt source is cleared, C1IR will change to reflect the
next active interrupt with the highest priority. The Status Change interrupt will be
asserted if there has been a change in the CAN 1 Status Register (if enabled by the
appropriate ERIE and/or STIE bit) and the CAN Status Interrupt state is set. A
message center interrupt will be indicated if the INTRQ bit in the respective CAN
Message Control Register is set.
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CAN 1 TRANSMIT ERROR REGISTER (C1TE)

SFR E6h

CI1TE.7-0
Bits 7-0

7

6 5 4 3 2 1 0

R*-0

R*-0 R*-0 R*-0 R*-0 R*-0 R*-0 R*-0

R = Unrestricted Read, * = Write only when SWINT = 1 and BUSOFF = 0, -n = Value after Reset

CAN 1 Transmit Error Register. This register indicates the number of
accumulated CAN 1 transmit errors. The CAN 1 module responds in different
ways to varying number of errors as shown below.

This register can only be modified by software when SWINT=1 and
BUSOFF=0. All software writes to this register simultaneously load the same
value into the CAN 1 Transmit Error Register and the CAN 1 Receive Error
Register. Writing 00h to this register will also clear the CAN 1 Error Count
Exceeded bit, CECE (C18S.6). This register is cleared following all hardware
Resets and software resets enabled by the CRST bit in the CAN 1 Control
Register.

CI1TE Value CAN 1 State
Value <96 Error active mode, CAN 1 Bus on (BUSOFF=0)
128 > Value > 96  Error active mode, CAN 1 Bus on (BUSOFF=0), warning

level
Error passive mode, CAN 1 Bus on (BUSOFF=0)
CAN 1 Bus off (BUSOFF=1)

255 > Value > 128
Value > 255

CAN 1 RECEIVE ERROR REGISTER (C1RE)

SFR E7h

CI1RE.7-0
Bits 7-0

7

6 5 4 3 2 1 0

R*-0

R*-0 R*-0 R*-0 R*-0 R*-0 R*-0 R*-0

R = Unrestricted Read, * = Write only by C1TE register, -n = Value after Reset

CAN 1 Receive Error Register. This register indicates the number of
accumulated CAN 1 receive errors. All writes to the CITE register are
simultaneously loaded into this register. This register is cleared following all
hardware Resets and software resets enabled by the CRST bit in the CAN 1
Control Register.
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EXTENDED INTERRUPT ENABLE (EIE)

SFR E8h

CANBIE
Bit 7

COIE

Bit 6

C1IE
Bit 5

EWDI
Bit 4

EXS
Bit 3

EX4
Bit 2

EX3
Bit 1

EX2
Bit 0

7 6 5 4 3 2 1 0
CANBIE| COIE CIlIE EWDI EX5 EX4 EX3 EX2
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

CAN 0/1 Activity Interrupt Priority. This bit enables/disables the CAN 0/1
Activity Interrupt

0 = Disable the CAN 0/1 Activity Interrupt.

1 = Enable the CAN 0/1 Activity Interrupt.

CAN 0 Interrupt Enable. This bit enables/disables the CAN 0 Interrupt

0 = Disable the CAN 0 Interrupt.

1 = Enable the CAN 0 Interrupt.

CAN 1 Interrupt Enable. This bit enables/disables the CAN 1 Interrupt

0 = Disable the CAN 1 Interrupt.

1 = Enable the CAN 1 Interrupt.

Watchdog Interrupt Enable. This bit enables/disables the watchdog interrupt.
0 = Disable the watchdog interrupt.

1 = Enable interrupt requests generated by the watchdog timer.

External Interrupt 5 Enable. This bit enables/disables external interrupt 5.
0 = Disable external interrupt 5.

1 = Enable interrupt requests generated by the INTS pin.

External Interrupt 4 Enable. This bit enables/disables external interrupt 4.
0 = Disable external interrupt 4.

1 = Enable interrupt requests generated by the INT4 pin.

External Interrupt 3 Enable. This bit enables/disables external interrupt 3.
0 = Disable external interrupt 3.

1 = Enable interrupt requests generated by the INT3 pin.

External Interrupt 2 Enable. This bit enables/disables external interrupt 2.
0 = Disable external interrupt 2.

1 = Enable interrupt requests generated by the INT2 pin.

MOVX EXTENDED ADDRESS REGISTER (MXAX)

SFR EAh

Bits 7-0

7

6 5 4 3 2 1 0

RW-0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

MOVX Extended Address Register. This register is concatenated with P2 and
R1 or RO to form the 22-bit address when executing a MOVX @Ri, A or MOVX
A, @Ri instruction in either the 22-bit paged or 22-bit contiguous modes. The
DPTR related MOVX instructions do not utilize the P2 and MXAX register. Note
that the MXAX register is only used when the processor is operating in either the
paged or contiguous addressing modes.
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CAN 1 MESSAGE CENTER 1 CONTROL REGISTER (C1M1C)

7 6 5 4 3 2 1 0
SFR EBh  MSRDY ETI ERI INTRQ EXTRQ MTRQ ROW/TIH  DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

MSRDY CAN 1 Message Center 1 Ready. This bit is used by the microcontroller to prevent
Bit 7 the CAN module from accessing message center 1 while the microcontroller is
updating message attributes. These include as identifiers (arbitration registers 0-3),
data byte registers 0-7, data byte count (DTBYC3-DTBYCI1), direction control

(T/R), the extended or standard mode bit (EX/ST), and the mask enables (MEME
and MDME) associated with this message center. When this bit is 0, the CAN 1
processor will ignore this message center for transmit, receive, or remote frame
request operations.

MSRDY is cleared following a microcontroller hardware reset or a reset generated
by the CRST bit in the CAN 1 Control Register, and must also remain in a cleared
mode until all the CAN 1 initialization has been completed. Individual message
MSRDY controls can be changed after initialization to reconfigure specific
messages, without interrupting the communication of other messages on the CAN 1

Bus.
ETI CAN 1 Message Center 1 Enable Transmit Interrupt. Setting ETI to a 1 will
Bit 6 enable a successful CAN 1 transmission in message center 1 to set the INTRQ bit for

this message center, which in turn will issue an interrupt to the microcontroller.
When ETI is cleared to 0 a successful transmission will not set INTRQ bit and will
not generate an interrupt. Note that the ETI bit located in Message Center 15 is
ignored by the CAN module, since the message center 15 is a receive only message

center.
ERI CAN 1 Message Center 1 Enable Receive Interrupt. Setting ERI to a 1 will
Bit 5 enable a successful CAN 1 reception and storage in message center 1 to set the

INTRQ bit for this message center which in turn will issue an interrupt to the
microcontroller. When ERI is cleared to 0 a successful reception will not set the
INTRQ bit and as such will not generate an interrupt.

INTRQ CAN 1 Message Center 1 Interrupt Request. This bit serves as a CAN interrupt

Bit 4 flag, indicating the successful transmission or reception of a message in this message
center. INTRQ is automatically set when ERI=1 and message center 1 successfully
receives and stores a message. The INTRQ bit is also set to a 1 when ETI is set and
the CAN 1 logic completes a successful transmission. The INTRQ interrupt request
must be also enabled by the EA global mask in the IE SFR register if the interrupt is
to be acknowledged by the microcontroller interrupt logic. This flag must be cleared
by software.

EXTRQ CAN 1 Message Center 1 External Transmit Request. When EXTRQ is cleared

Bit 3 to a 0, there are no pending requests by external CAN nodes for this message. When
EXTRQ is set to 1, a request has been made for this message by an external CAN
node, but the CAN 1 controller has not yet completed the service request. Following
the completion of a requested transmission by a message center programmed for

transmission (T/ R = 1), the EXTRQ bit will be cleared by the CAN 1 controller. A
remote request is only answered by a message center programmed for transmission

(T/ R =1) when DTUP = 1 and TIH = 0, i.e. when new data was loaded and is not
being currently modified by the micro. Note that a message center programmed for a

receive mode (T/ R = 0) will also detect a remote frame request and will set the
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EXTRAQ bit in a similar manner, but will not automatically transmit a data frame and
as such will not automatically clear the EXTRQ bit.

MTRQ CAN 1 Message Center 1 Microcontroller Transmit Request. When set, this bit

Bit 2 indicates that the message center is requesting that a message be transmitted. The bit
is cleared when the transmission is complete, allowing this bit to be used to both
initiate and monitor the progress of the transmission. The bit can be set by software
or the CAN module, depending on the state of the Transmit/Receive bit in the CAN
1 Message 1 Format Register (located in MOV X space). This bit is cleared when the
CRST bit is set, the CAN module experiences a system reset, or the conditions
described below. Note that the MTRQ bit located in Message Center 15 is ignored
by the CAN module, since the Message Center 15 is a receive only message center.

T/R =0 (receive). When software sets this bit, a remote frame request previously
loaded into the message center will be transmitted. The CAN 1 Module will clear
this bit following the successful transmission of the frame request message.

T/R =1 (transmit). When software sets this bit, a data frame previously loaded into

the message center will be transmitted. When T/R = 1, the MTRQ bit will also be
set by the CAN 1 controller at the same time that the EXTRQ bit is set by a message
request from an external node.
ROW/TIH CAN 1 Message Center 1 Receive Overwrite/Transmit Inhibit. The Receive
Bit 1 Overwrite (ROW) and Transmit Inhibit (TIH) bits share the same bit location. When

T/R = 0 the bit has the ROW function, serving as a flag that an overwrite of

incoming data may have occurred. When T/ R =1 the bit has the Transmit Inhibit
function, allowing software to disable the transmission of a message while the data
contents are being updated.

Receive Overwrite: (T/R = 0, ROW is Read Only). The CAN 1 controller
automatically sets this bit 0 if a new message is received and stored while the DTUP
bit was still set. When set, ROW indicates that the previous message was potentially
lost and may not have been read, since the microcontroller had not cleared the DTUP
bit prior to the new load. When ROW = 0, no new message has been received and
stored while DTUP was set to ‘1’ since this bit was last cleared. Note that the ROW
bit will not be set when the WTOE bit is cleared to a 0, since all overwrites are
disabled. This is due to the fact that even if the incoming message matches the
respective message center that as long as DTUP = 1 in the respective message
center, the combination of WTOE = 0 and DTUP = 1 will force the CAN module to
ignore the respective message center when the CAN is processing the incoming data.
ROW is cleared by the CAN module when the microcontroller clears the DTUP bit
associated with the same message center. INTRQ is automatically set when the
ERI=1 and message center 1 successfully receives and stores a message.

ROW will reflect the actual message center relationships for message centers 1 to
14. Message center 15 utilizes a special shadow message buffer, and the ROW bit
for that message center indicates an overwrite of the buffer as opposed to the actual
message center 15. The ROW bit for message center 15 is cleared once the shadow
buffer is loaded into the message center 15, and the shadow buffer is cleared to
allow a new message to be loaded. The shadow buffer is automatically loaded into
message center 15 when the microcontroller clears the DTUP and EXTRQ bits in
message center 15.

Transmit Inhibit: (T/R = 1, TIH is unrestricted Read/Write). The TIH allows
the microcontroller to disable the transmission of the message when the data
contents of the message are being updated. TIH = 1 directs the CAN 1 controller not
to transmit the associated message. TIH = 0 enables the CAN 1 controller to transmit
the message. If TIH = 1 when a remote frame request is received by the message
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center, EXTRQ will be set to a 1. Following the Remote Frame Request and after the
microcontroller has established the proper data to be sent, the microcontroller will
clear the TIH bit to a 0, which will allow the CAN module to send the data requested
by the previous Remote Frame Request. Note that the TIH bit associated with
Message Center 15 is ignored because it is a receive-only message center.
DTUP CAN 1 Message Center 1 Data Updated. This bit indicates that new data has been
Bit 0 loaded into the data portion of the message center. The exact function of the DTUP

bit is dependent on whether the message center is configured in a receive (T/ R = 0)

or transmit (T/ R = 1) mode. Some functions are also dependent on the state of the
WTOE bit. The DTUP bit is only cleared by a software write to the bit, a system
reset, or the setting of the CRST bit.

T/R =0 (receive). In this mode (T/R = 0) the DTUP bit is set when new data has
been successfully received and is ready to be read by the microcontroller. The exact
meaning of the DTUP bit during a message center read is determined by the WTOE
bit in the CAN 1 Control Register. If WTOE = 1 (message center overwrite
enabled), DTUP should be polled before and after reading the message center to
ascertain if an overwrite of the data occurred during the read. For example, software
should clear DTUP before reading the message center and then again after the
message center read. If DTUP has been set, then a new message was received and
software should read the message center again to read the new data. If DTUP
remained cleared, no additional data was received and the data is complete. If
WTOE=0 the processor is not permitted to overwrite this message center, so it is
only necessary to clear the DTUP bit after reading the message center. The state of
the DTUP bit in the receive mode does not inhibit remote frame request transmission
in the receive mode. The only gating item for remote frame transmission in the
receive mode is that the MSRDY and MTRQ bits must both be set.

T/R =1 (transmit). In this mode, software must set TIH =1 and clear DTUP = 0
prior to doing an update of the associated message center. This prevents the CAN
module from transmitting the data while the microcontroller is updating it. Once the
microcontroller has finished configuring the message center, software must clear
TIH = 0 and set MSRDY=MTRQ =DTUP =1, to enable the CAN module to transmit
the data. The CAN module will not clear the DTUP after the transmission, but the
microcontroller can verify that the transmission has been completed, by checking the
MTRQ bit, which will be cleared (MTRQ = 0) after the transmission has been
successfully completed.
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CAN 1 MESSAGE CENTER 2 CONTROL REGISTER (C1M2C)

7 6 5 4 3 2 1 0
SFR ECh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CiM2C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 3 CONTROL REGISTER (C1M3C)

7 6 5 4 3 2 1 0
SFR EDh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

Ci1M3C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1IM1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 4 CONTROL REGISTER (C1M4C)

7 6 5 4 3 2 1 0
SFR EEh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

C1M4C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 5 CONTROL REGISTER (C1M5C)

7 6 5 4 3 2 1 0
SFR EFh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CIMSC Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1IM1C;ABh). Please consult the description
of that register for more information.
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B REGISTER (B)
7 6 5 4 3 2 1 0

SFR FOh B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

B.7-0 B Register. This register serves as a second accumulator for certain arithmetic
Bits 7-0 operations. It is functionally identical to the B register found in the 80C32.

CAN 1 MESSAGE CENTER 6 CONTROL REGISTER (C1M6C)

7 6 5 4 3 2 1 0
SFR F3h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

Ci1IMé6C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 7 CONTROL REGISTER (C1M7C)

7 6 5 4 3 2 1 0
SFR F4h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CIM7C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 8 CONTROL REGISTER (C1M8C)

7 6 5 4 3 2 1 0
SFR F5h | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

C1IM8C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.
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CAN 1 MESSAGE CENTER 9 CONTROL REGISTER (C1M9C)

SFR F6h

C1M9C
Bits 7-0

7 6 5 4 3 2 1 0
MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

Operation of the bits in this register are identical to those found in the CAN 1
Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 10 CONTROL REGISTER (C1M10C)

SFR F7h

CIM10C
Bits 7-0

7 6 5 4 3 2 1 0
MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

Operation of the bits in this register are identical to those found in the CAN 1
Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

EXTENDED INTERRUPT PRIORITY (EIP)

SFR F8h

CANBIP
Bit 7

corp
Bit 6

C11P
Bit 5

PWDI
Bit 4

PXS5
Bit 3

7 6 5 4 3 2 1 0
CANBIP| COIP CIIP PWDI PXS5 PX4 PX3 PX2
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

R = Unrestricted Read, W = Unrestricted Write, -n = Value after Reset

CAN 0/1 Activity Interrupt Priority. This bit controls the priority of the CAN 0/1
Activity Interrupt

0 =The CAN 0/1 Activity Interrupt is a low priority interrupt.

1 = The CAN 0/1 Activity Interrupt is a high priority interrupt.

CAN 0 Interrupt Priority. This bit controls the priority of the CAN 0 Interrupt

0 = The CAN 0 Interrupt is a low priority interrupt.

1 = The CAN 0 Interrupt is a high priority interrupt.

CAN 1 Interrupt Priority. This bit controls the priority of the CAN 1 Interrupt

0 = The CAN 1 Interrupt is a low priority interrupt.

1 = The CAN 1 Interrupt is a high priority interrupt.

Interrupt Priority. This bit controls the priority of the watchdog interrupt.

0 = The watchdog interrupt is a low priority interrupt.

1 = The watchdog interrupt is a high priority interrupt.

External Interrupt 5 Priority. This bit controls the priority of external interrupt 5.
0 = External interrupt 5 is a low priority interrupt.
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1 = External interrupt 5 is a high priority interrupt.

PX4 External Interrupt 4 Priority. This bit controls the priority of external interrupt 4.
Bit 2 0 = External interrupt 4 is a low priority interrupt.

1 = External interrupt 4 is a high priority interrupt.
PX3 External Interrupt 3 Priority. This bit controls the priority of external interrupt 3.
Bit 1 0 = External interrupt 3 is a low priority interrupt.

1 = External interrupt 3 is a high priority interrupt.
PX2 External Interrupt 2 Priority. This bit controls the priority of external interrupt 2.
Bit 0 0 = External interrupt 2 is a low priority interrupt.

1 = External interrupt 2 is a high priority interrupt.

CAN 1 MESSAGE CENTER 11 CONTROL REGISTER (C1M11C)

7 6 5 4 3 2 1 0
SFR FBh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CiIM11C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 12 CONTROL REGISTER (C1M12C)

7 6 5 4 3 2 1 0
SFR FCh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CiM12C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 13 CONTROL REGISTER (C1M13C)

7 6 5 4 3 2 1 0
SFR FDh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CiM13C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.
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CAN 1 MESSAGE CENTER 14 CONTROL REGISTER (C1M14C)

7 6 5 4 3 2 1 0
SFR FEh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

C1M14C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1M1C;ABh). Please consult the description
of that register for more information.

CAN 1 MESSAGE CENTER 15 CONTROL REGISTER (C1M14C)

7 6 5 4 3 2 1 0
SFR FFh | MSRDY ETI ERI INTRQ | EXTRQ | MTRQ |ROW/TIH| DTUP
RW-0 RW-0 RW-0 RW-0 RC-0 R*-0 R*-0 R*-0

R = Unrestricted Read, C = Clear Only, * = See description below, -n = Value after Reset

CIM15C Operation of the bits in this register are identical to those found in the CAN 1
Bits 7-0 Message One Control Register (C1IM1C;ABh). Please consult the description
of that register for more information.
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ADDENDUM TO SECTION 5: CPU TIMING

SYSTEM CLOCK SELECTION

The internal clocking options of the DS80C390 differs slightly from that described in the High-Speed
Microcontroller User’s Guide. Most members of the family offer the option of 4, 256, or 1024 oscillator
clocks per machine cycle. The DS80C390 can operate at 1, 2, 4, or 1024 clocks per machine cycle. The
logical operation of the system clock divide control function is shown below. A 3:1 multiplexer,
controlled by CD1, CD0 (PMR.7-6), selects one of three sources for the internal system clock:

= Crystal oscillator or external clock source
= (Crystal oscillator or external clock source) divided by 256
= (Crystal oscillator or external clock source) frequency multiplied by 2 or 4 times

Figure 5-1. SYSTEM CLOCK CONTROL DIAGRAM

MACHINE
SYSTEM CYOLE
FROM CLOCK CLOCK
CRYSTAL
OSCILLATOR R l
EXT(éSNAL CcPU
| oviDE STATE
CLOCK SOURCE By 256 | "|MUX | GENERATION [
FREQUENCY | ———— | (DIVIDE BY 4)
MULTIPLIER
e 4 T
axI2x CD1, CDO

The system clock control circuitry generates two clock signals that are used by the microcontroller. The
internal system clock provides the timebase for timers and internal peripherals. The system clock is run
through a divide-by-4 circuit to generate the machine cycle clock that provides the timebase for CPU
operations. All instructions execute in one to six machine cycles. It is important to note the distinction
between these two clock signals, as they are sometimes confused, creating errors in timing calculations.

Setting CD1, CDO to 0 enables the frequency multiplier, either doubling or quadrupling the frequency of
the crystal oscillator or external clock source. The 4X/2X bit controls the multiplying factor, selecting
twice or four times the frequency when set to 0 or 1, respectively. Enabling the frequency multiplier
results in apparent instruction execution speeds of 2 or 1 clocks. Regardless of the configuration of the
frequency multiplier, the system clock of the microcontroller can never be operated faster than 40MHz.
This means that the maximum crystal oscillator or external clock source is I0MHz when using the 4X
setting, and 20MHz when using the 2X setting.

The primary advantage of the clock multiplier is that it allows the microcontroller to use slower crystals

to achieve the same performance level. This reduces EMI and cost, as slower crystals are generally more
available and thus less expensive.
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Table 5-1. SYSTEM CLOCK CONFIGURATION

— MAX EXTERNAL
CD1 | CDO | 4x/2X NAME CLOCKS/MC FREQUENCY (MHz)
0 0 0 Frequency Multiplier (2X) 2 20
0 0 1 Frequency Multiplier (4X) 1 10
0 1 N/A Reserved — —
1 0 N/A Divide-by-4 (Default) 4 40
1 1 N/A Power Management Mode 1024 40

The system clock and machine cycle rate changes one machine cycle after the instruction changing the
control bits. Note that the change will affect all aspects of system operation, including timers and baud
rates. The use of the switchback feature, described later, can eliminate many of the issues associated with
the Power Management Mode’s effect on peripherals such as the serial port. Table 5-2 illustrates the
effect of the clock modes on the operation of the timers.

Table 5-2. EFFECT OF CLOCK MODES ON TIMER OPERATION

OSC. CYCLES OSC. CYCLES | OSC.CYCLES OSC. CYCLES
4X/2X OSC. CYCLES PER TIMER PER TIMER 2 PER SERIAL PER SERIAL
CD1 | CDO PER MACHINE 0/1/2 CLOCK CLOCK, BAUD | PORT CLOCK PORT CLOCK
CYCLE RATE GEN. MODE 0 MODE 2
TxM=1 | TxM=0 | T2M=1 | T2M=0 | SM2=0 | SM2=1 |[SMOD=0|SMOD=1
0 0 0 2 2 12 2 2 6 2 64 32
0 0 1 1 1 12 2 2 3 1 64 32
0 1 N/A Reserved
1 0 N/A 4 4 12 2 2 12 4 64 32
1 1 N/A 1024 1024 3072 512 512 3072 1024 16,384 8192

CHANGING THE SYSTEM CLOCK/MACHINE CYCLE CLOCK FREQUENCY

The microcontroller incorporates a special locking sequence to ensure “glitch-free” switching of the
internal clock signals. All changes to the CD1, CDO bits must pass through the 10 (divide-by-4) state.
For example, to change from 00 (frequency multiplier) to 11 (PMM), the software must change the bits in
the following sequence: 00 = 10 = 11. Attempts to switch between invalid states will fail, leaving the
CD1, CDO bits unchanged.

The following sequence must be followed when switching to the frequency multiplier as the internal time
source. This sequence can only be performed when the device is in divide-by-four operation. The steps
must be followed in this order, although it is possible to have other instructions between them. Any
deviation from this order will cause the CD1, CDO bits to remain unchanged. Switching from frequency
multiplier to non-multiplier mode requires no steps other than the changing of the CD1, CDO bits.

Ensure that the CD1, CDO bits are set to 10, and the RGMD (EXIF.2) bit = 0.

Clear the CTM (Crystal Multiplier Enable) bit.

Set the 4X/2X bit to the appropriate state.

Set the CTM (Crystal Multiplier Enable) bit.

Poll the CKRDY bit (EXIF.3), waiting until it is set to 1. This will take approximately 65536 cycles
of the external crystal or clock source.

Set CD1, CDO to 00. The frequency multiplier will be engaged on the machine cycle following the
write to these bits.

Al

4
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ADDENDUM TO SECTION 6: MEMORY ACCESS

EXTERNAL MEMORY INTERFACING

The DS80C390 follows the memory interface convention established by the industry standard
80C32/80C52, but with many added improvements. Most notably, the device incorporates a 22-bit
addressing capability that supports up to four megabytes of program memory and four megabytes of data
memory. Externally the memory is accessed by a multiplexed or demultiplexed 20-bit address bus/8-bit
data bus and four chip enable (active during program memory access) or four peripheral enable (active
during data memory access) signals. Multiplexed addressing mode mimics the traditional 8051 memory
interface, with the address MSB presented on Port 2 and the address LSB and data multiplexed on Port 0.
The multiplexed mode requires an external latch to demultiplex the address LSB and data. When the
MUX pin is pulled high, the address LSB and data are demultiplexed, with the address MSB presented on
Port 2, address LSB on Port 1, and the data on Port 0. The elimination of the demultiplexing latch
removes a delay element in the memory timing, and can in some cases allow the use of slower, less
expensive memory devices. The following table illustrates the locations of the external memory control
signals.

Table 6-1. EXTERNAL MEMORY ADDRESSING PIN ASSIGNMENTS
Address/Data Bus CE3-CE0 PCE3 - PCE( Addr 19-16| Addr 15-8 Addr 7-0 Data Bus

Multiplexed P4.3-P4.0 P5.7-P5.4 P4.7-P4.4 P2 PO PO
Demultiplexed P4.3-P4.0 P5.7-P5.4 P4.7-P4.4 P2 P1 PO

Each upper order address line (A16-A19) and chip or peripheral enable is individually enabled by the
P4CNT and PSCNT registers. Enabling upper order address lines controls the maximum size of the
external memories that can be addressed, and enabling chip or peripheral enables controls the number of
external memories that can be addressed. For example, if P4ACNT.5-3 are set to 101b, A17 and A16 will
be enabled (along with A15-0), permitting a maximum memory device size of 2'® or 256 KB.

The configurable program/code chip enable (CEx ) and MOVX chip-enable ( PCEx ) signals issued by the
microprocessor are used when accessing multiple external memory devices. External chip enable lines are
only required if more than one physical block of memory will be used. In the standard 8051
configuration, PSEN is used as the output enable for the program memory device, and RD and WR
control the input or output functions of the data (SRAM) device. The chip enables of these devices can be
connected to their active state if only one of each will be used. To support a larger amount of memory,
however, the microprocessor must generate chip or data enables to select one of several memory devices.
The following tables demonstrate how to enable various combinations of high-order address lines and
chip enables.
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Table 6-2. EXTENDED ADDRESS AND CHIP ENABLE GENERATION

Port 4 Pin Function Port 4 Pin Function
(A19-A16 Address Pins) (Code Memory Chip Enables)
P4CNT.5-3| P4.7 | P4.6 | P45 | P4.4 | PACNT.2-0 | P43 | P4.2 | P4.1 | P4.0
000 1/0 1/0 I/0 1/0 000 1/0 1/0 I/0 1/0
100 I/0 1/0 /O | Al6 100 1/0 1/0 I/0 CEO
101 I/0 I/0 | A17 | Al6 101 I/0 I/0 CEl CEO
110 /O | AI8 | Al17 | Al6 110 I/0 CE2 CEl CE0
111(default) | A19 | A18 | A17 | Al6 | 111(default) | CE3 CE2 CEl CEO
Port 5 Pin Function
(MOVX Memory Chip Enables)
PSCNT.2-0 | P5.7 P5.6 P5.5 P5.4
000(default) 1/0 1/0 1/0 1/0
100 1/0 1/0 I/0 PCEO
101 I/0 1/0 PCE1 PCEO
110 /0 PCE2 PCEI PCE0
111 PCE3 PCE2 PCE1 PCEO

The following table illustrates how memory is segmented based on the setting of the Port 4 P4.7-4
Configuration Control bits (P4CNT.5-3).

Table 6-3. PROGRAM MEMORY CHIP-ENABLE BOUNDARIES

P4CNT.5-3 CEO CE1 CE2 CE3 Maximum Memory
size per Chip Enable
000 Oh-7FFFh 8000h-FFFFh 10000h-17FFFh 18000h-1FFFFh 32 kilobytes
100 Oh-1FFFFh 20000h-3FFFFh 40000h-5FFFFh 60000h-7FFFFh 128 kilobytes
101 0h-3FFFFh 40000h-7FFFFh 80000h-BFFFFh C0000h-FFFFFh 256 kilobytes
110 O0h-7FFFFh 80000h-FFFFFh [ 100000h-17FFFFh | 180000h-1FFFFFh 512 kilobytes
111(default) 0-FFFFFh 100000h-1FFFFFh | 200000h-2FFFFFh | 300000h-3FFFFFh 1 megabyte

Following any reset, the device defaults to 16-bit mode addressing. In 16-bit addressing mode the device
will be configured with P4.7-P4.4 as address lines and P4.3-P4.0 configured as CE3-0, with the first
program fetch being performed from 00000h with CE0 active (low).

USING THE COMBINED CHIP-ENABLE SIGNALS

The DS80C390 incorporates a feature allowing PCEx and CEx signals to be combined. This is useful
when incorporating modifiable code memory as part of a bootstrap loader or for in-system
reprogrammability. Setting the one or more PDCE3-0 bits (MCON.3-0) causes the corresponding chip
enable signal to be asserted for both MOVC and MOVX operations. Write access to combined program
and data memory blocks is controlled by the WR signal, and read access is controlled by the PSEN
signal. This feature is especially useful if the design achieves in-system reprogrammability by external
Flash memory, in which a single device is accessed by both MOVC instructions (program fetch) and
MOVX write operations (updates to code memory).
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IMPLEMENTING A BOOTLOADER USING INTERNAL SRAM

The internal 4 KB SRAM of the DS80C390 can be used to implement a bootloader function, allowing in-
system reprogrammability. One of the difficulties of implementing a bootloader function with a Flash
memory device is that the Flash programming algorithm will not allow instruction fetches (reads) from a
device while it is being reprogrammed. The DS80C390 avoids this problem by placing the internal
SRAM in the program/data configuration and loading it with a small bootstrap loader transferred from the
external Flash memory. The bootloader software then runs out of internal SRAM while the external
memory is being reprogrammed.

The following example demonstrates the implementation with a Flash memory. The internal SRAM is
first configured as program/data memory, and a small bootloader routine is copied from the external Flash
memory into the internal SRAM. The software then jumps to the internal SRAM and begins executing the
bootloader program out of the internal SRAM. The bootloader software activates the combined
program/chip enable function, if desired, as described above to allow simplified access to the Flash
memory. The bootloader program then begins accepting bytes by the serial port or other external interface
and copies them by MOVX instructions to the appropriate location in the external Flash until the new
program is loaded. The final step is to jump to the starting location in the external Flash and begin
execution of the new program. Soon after starting the new program software should disable the combined
program/chip enable function and configure the 4 KB SRAM as desired.

The bootloading process is summarized below. Steps 1-4 are performed while executing code from the
Flash device.

Set/clear CMA bit as desired.

Configure 4 KB SRAM as program/data. IDM1:IDM0=11 ).

Copy user-supplied bootloader into 4KB SRAM.

LJMP to beginning of bootloader code.

In bootloader code, set PDCEx bits (MCON.3-0) to correspond to CEs controlling the Flash.
Bootloader code performs multiple MOVX operations to load new code into Flash.

When Flash load is complete, LIMP to starting location of new code. (This often 000000h but does
not have to be.) At beginning of new code clear PDCEXx bits and configure CMA, IDM1, IDMO as
desired.

Nk LD —

EXAMPLE DS80C390 MEMORY CONFIGURATION

The following is an example memory configuration for the DS80C390 microcontroller. Suppose that we
wish to allow 1MB of external code space by connecting a 512k x 8 memory device to each of the chip-

enable signals CEO, CEl. We also want to have 1.5MB of external data memory and we achieve this by

connecting three 512k x 8§ memories, one to each of the peripheral chip-enable signals PCE0, PCEI1, and

PCE2 . Figures 6-1 and 6-2 are a rough system diagram and the corresponding program/data memory map.
Note that the memory map shows internal SRAM still located at its default address. The logical address
reanges for these internal RAMs are controlled by SFR bit settings. Users of the Keil Software PK51
compiler should consult Application Note 606, “Configuring Keil PK51 tools to Support 24-Bit
Contiguous Addressing Mode,” for information about how to configure the compiler and
START390. A51 file.
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Figure 6-1

. EXAMPLE DS80C390 PROGRAM/DATA MEMORY INTERFACE
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Figure 6-2. EXTERNAL PROGRAM/DATA MEMORY MAP (INTERNAL SRAM STILL AT

DEFAULT ADDRESSES)
PROGRAM DATA
MEMORY MEMORY
— 17FFFFh
PCE2 =512k x 8
100000h
OFFFFFh — — OFFFFFh
CEl =512k x 8 PCEI =512k x 8
— OOFFFFh
080000h _ 080000h INTERNAL
O7FFFFh 07FFFFh 4kB SRAM
(1kB is stack)
__00F000h
o PCEO =512k x 8 INTERNAL 00EFFFHh
ceo =SI2kx8 |\ | | 512-byte SRAM
______ (CANO, CAN1)
000000h — — 000000h — 00EEO0Oh

In the case of the DS80C390, we must also consider the on-chip memory that is present and how/where
this memory should fit into our memory map. The DS80C390 contains the following internal memory:

= (2) 256 x 8 RAMs that can be used as data, message center memory for the two CAN2.0B
controllers

= (1) Ik x 8 RAM that can be used as data, stack, program

= (1) 3k x 8 RAM that can be used as data, program

For this example, we will use the (2) 256 x 8 RAMs to support CAN activity, the 1k x 8 RAM as
dedicated stack memory, and the 3k x 8 RAM exclusively as MOVX data space. We also define the
logical address of the internal RAM to the high range (400000h—4011FFh) so that it does not overlap
external data memory (000000h—OFFFFFh). Figure 6-3 is the final memory map reflecting our
assignments for internal memory.
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Figure 6-3. COMBINED INTERNAL, EXTERNAL PROGRAM/DATA MEMORY MAP

PROGRAM DATA
MEMORY MEMORY
— 4011FFh
INTERNAL
512-byte SRAM
(CANO, CAN1) | 40+ 00m
4 FFFh
INTERNAL 00
4kB SRAM
(1kB is stack)
— 400000h
— 17FFFFh
5E =512k x 8
OFFFFFh _ . 100000h
OFFFFFh
CEi =512k x 8 PCET =512k x 8
080000h . . 080000h
07FFFFh 07FFFFh
R0 =512k x 8 5CE0 =512k x 8
000000h — — 000000N
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Having selected the memory configuration, the following SFR settings affect the example memory map:

SA EQU 1 Use 1KB stack in on-chip XDATA space
IDM EQU 2 2 = 4KB on-chip SRAM location X:0x400000 - X:400FFF
CMA EQU 1 1 = CANO X:0x401000 - X:0x4010FF

P4CNT5 3 EQU 110B
P4CNT2 0 EQU 101B
P5CNT2 0 EQU 110B

110B = 512kB (A18-A0 enabled)
101B = enable CEO, CEl
110B

; CAN1 X:0x401100 - X:0x4011FF

enable PCEO, PCEl, PCE2

When complete, chip-enable signals should be active when indicated below:

CHIP-ENABLE ACCESS ACTIVITY

CEQ accesses with PSEN\ Program fetches from low 512kB and MOVC read to 07FFFFH

CEI1 access with PSEN\ MOVC read to 080000H

PCEO access with RD\ MOVX access to 07FFFFH

PCE1 access with RD\ MOVX access to 080000H

PCE1 access with RD\ MOVX access to OFFFFFH

PCE2 access with RD\ MOVX access to 100000H

- MOVX operation to 400000H accesses internal XRAM and can
be verified by viewing the contents of ACC inside of the simulator
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ADDENDUM TO SECTION 7: POWER MANAGEMENT

The DS80C390 supports the general power management features of the DS87C520 described in the High-
Speed Microcontroller User’s Guide. Exceptions are noted below.

POWER MANAGEMENT MODES
Power management mode 1 (PMM1) is not supported on the DS80C390.

SWITCHING BETWEEN CLOCK SOURCES

The ring oscillator on the DS80C390 is similar to that on the DS80C320. As such it does not support the
“run from ring” feature which allows the microprocessor to use the ring oscillator as a clock source after
the external crystal has stabilized (CKRY = 1).

100 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

ADDENDUM TO SECTION 8: RESET CONDITIONS

This section supersedes the corresponding section in the High-Speed Microcontroller User’s Guide.

The microprocessor provides several ways to place the CPU in a reset state. It also offers the means for
software to determine the cause of a reset. The reset state of most processor bits is not dependent on the
type of reset, but selected bits do depend on the reset source. The reset sources and the reset state are

described below. The function of the RSTOL pin is also described in this section.

RESET SOURCES

The microprocessor has three ways of entering a reset state, described below. They are:
Power-on/Power Fail Reset

Watchdog Timer Reset

External Reset

POWER-ON/FAIL RESET

The DS80C390 incorporates an internal voltage reference which holds the CPU in the power-on reset
state while V¢c 1s below Vgsr. Once Ve has risen above Vgsr, the microprocessor will restart the
oscillation of the external crystal and count 65536 clock cycles. This helps the system maintain reliable
operation by only permitting processor operation when voltage is in a known good state. The processor
will then begin software execution at location 0000h.

The processor will exit the reset condition automatically once the above conditions are met. This happens
automatically, needing no external components or action. Execution begins at the standard reset vector
address of 0000h. Software can determine that a Power-on Reset has occurred using the Power-on Reset
flag (POR). It is located at WDCON.6. Since all resets cause a vector to location 0000h, the POR flag
allows software to acknowledge that power failure was the reason for a reset.

Software should clear the POR bit after reading it. When a reset occurs, software will be able to
determine if a power cycle was the cause. In this way, processing may take a different course for each of
the three resets if applicable. When power fails (drops below Vgst ), the power monitor will invoke the
reset state again. This reset condition will remain while power is below the threshold. When power
returns above the reset threshold, a full power-on reset will be performed. Thus a brownout that causes
vce to drop below vrst appears the same as a power-up.

WATCHDOG TIMER RESET

The Watchdog Timer is a free running timer with a programmable interval. The Watchdog supervises
CPU operation by requiring software to reset it before the time-out expires. If the timer is enabled and
software fails to clear it before this interval expires, the CPU is placed into a reset state. The reset state
will be maintained for two machine cycles. Once the reset is removed, the software will resume execution
at 0000h.

The Watchdog Timer is fully described in Section 11. Software can determine that a Watchdog time-out
was the reason for the reset by using the Watchdog Timer Reset flag (WTRF). WTRF is located at
WDCON.2. Hardware will set this bit to a logic 1 when the Watchdog times out without being cleared by
software if EWT=I. If a Watchdog Timer reset occurs, software should clear this flag manually. This
allows software to detect the event if it occurs again.
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EXTERNAL RESET

If the RST input is taken to a logic 1, the CPU will be forced into a reset state. This will not occur
instantaneously, as the condition must be detected and then clocked into the microprocessor. It requires a
minimum of two machine cycles to detect and invoke the reset state. Thus the reset is a synchronous
operation and the crystal must be running to cause an external reset.

Once the reset state is invoked, it will be maintained as long as RST=1. When the RST is removed, the
CPU will exit the reset state within two machine cycles and begin execution at address 0000h. All
registers will default to their power-on reset state. There is no flag to indicate that an external reset was
applied. However, since the other two sources have associated flags, the RST pin is the default source
when neither POR or WTREF is set.

If a RST is applied while the processor is in the Stop mode, the scenario changes slightly. As mentioned
above, the reset is synchronous and requires a clock to be running. Since the Stop mode stops all clocks,
the RST will first cause the oscillator to begin running and force the program counter to 0000h. Rather
than a two machine cycle delay as described above, the processor will apply the full power-on delay
(65536 clocks) to allow the oscillator to stabilize.

RESET OUTPUTS

The microprocessor has one reset output, the RSTOL pin.

Reset Output Low (RSTOL)

This external output pin is active low whenever the microprocessor is in a reset state. It can be used to
signal to external devices than an otherwise invisible internal reset is in progress. It will be active under
the following conditions:

When the processor has entered reset by the RST pin

During the crystal warm-up period following a power-on reset or stop mode
During a watchdog timer reset. (RSTOL will be active for 2 machine cycles)
During an oscillator failure (OFDE=1).

RESET STATE

Regardless of the source of the reset, the state of the microprocessor is the same while in reset. When in
reset, the oscillator is running, but no program execution is allowed. When the reset source is external, the
user must remove the reset stimulus. When power is applied to the device, the power-on delay removes
the stimulus automatically.

Resets do not affect the Scratchpad RAM. Thus any data stored in RAM will be preserved. The contents
of internal MOV X data memory will also remain unaffected by a reset. Note that if the power supply dips
below approximately 2V, the RAM contents may be lost. The minimum voltage required for RAM data
retention in not specified. Since it is impossible to determine if the power was lower than 2V prior to the
power—on reset, RAM must be assumed lost when POR is set.

The reset state of SFR bits are described in Section 4. Bits which are marked SPECIAL have conditions

which can affect their reset state. Consult the individual bit descriptions for more information. Note that
the stack pointer will also be reset. Thus the stack is effectively lost during a reset even though the RAM
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contents are not altered. Interrupts and Timers are disabled. The state of the Watchdog Timer is
dependent on the specific device in use. Note that the Watchdog time out defaults to its shortest interval
on any reset. I/O Ports are taken to a weak high state (FFh). This leaves each port pin configured with the
data latch set to a 1. Ports do not go to the 1 state instantly when a reset is applied, but will be taken high
within two machine cycles of asserting a reset. When the reset stimulus is removed, program execution
begins at address 0000h.

IN-SYSTEM DISABLE MODE

The In-System Disable (ISD) feature allows the device to be tri-stated for in-circuit emulation or board
testing. During ISD mode, the device pins will take on the following states:

DEVICE PIN STATE DURING ISD
Port 0, 1,2, 3,4, 5, RST, EA, ALE, PSEN, MUX | True Tristate
RSTOL Driven per Vops specification
XTALIL, XTAL2 Oscillator remains active

The following procedure is used to enter ISD mode:

1. Assert reset by pulling RST high,

2. Pull ALE low and pull PSEN high,
3. Verify that P2.7, P2.6, P2.5 are not being driven low,
4. Release RST,

5. Hold ALE low and PSEN high for at least 2 machine cycles,
6. Device is now in ISD mode. Release ALE and PSEN if desired.

Note that pins P2.7, P2.6, P2.5 should not be driven low when RST is released. This will place the device
into a reserved test mode. Because these pins have a weak pullup during reset, they can be left floating.
The test mode is only sampled on the falling edge of RST, and once RST is released their state will not
effect device operation. In a similar manner, the PSEN and RST pins can be released once ISD mode is
invoked, and their state will not affect device operation. The RST pin will also be in a tristate mode, but
asserting it in ISD mode will return the device to normal operation.

103 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

ADDENDUM TO SECTION 10: PARALLEL I/O

Changes to this section primarily involve the additional functionality associated with Port 4 and 5, and
the use of Port 1 as the address LSB in nonmultiplexed memory mode. Because the DS80C390 is a
ROMless device, Port 0 and 2 do not support general-purpose /0.

PORT 1
General-Purpose 1/O

When the device is operating in multiplexed memory mode (MUX pin is connected to a logic low) port 1
serves as a general purpose I/O port. Data written to the port latch serves to set both level and direction of
the data on the pin. More detail on the functions of port 1 pins configured for general-purpose 1/O is
provided under the description of port 1 and port 3 in the High-Speed Microcontroller User’s Guide.

Nonmultiplexed Address Bus A0-A7

When the device is operating in nonmultiplexed memory mode (MUX pin is connected to a logic high)
port 1 serves LSB of the external address bus. When operating as the LSB of the address bus the port 1
pins have extremely strong drivers that allow the bus to move 100 pF loads with the timing shown in the
electrical specifications.

When used as an address bus, the A0-7 pins will provide true drive capability for both logic levels. No
pullups are needed. In fact, pullups will degrade the memory interface timing. Members of the high-speed
microcontroller family employ a two-state drive system on A0-7. That is, the pin is driven hard for a
period to allow the greatest possible setup or access time. Then the pin states are held in a weak latch
until forced to the next state or overwritten by an external device. This assures a smooth transition
between logic states and also allows a longer hold time. In general, the data is held (hold time) on A0-7
until another device overwrites the bus. This latch effect is generally transparent to the user.

Current-Limited Transitions

The DS80C390 does not employ the current-limited transition feature described in the High-Speed
Microcontroller User’s Guide.

PORTS 4 AND 5

Ports 4 and 5 are general-purpose I/O ports with optional special functions associated with each pin.
Enabling the special function automatically converts the I/O pin to that function. To insure proper
operation, each alternate function pin should be programmed to a logic 1.

The drive characteristics of these pins may change depending on whether the pin is configured for general
I/O or as the special function associated with that pin. When in I/O mode, the logic 0 is created by a
strong pulldown. The logic 1 is created by a strong transition pullup that changes to a weak pullup. When
a pin is configured in its alternate function, and that function concerns memory interfacing (A16-A17,

PCEO -3, or CEO —3) the pins will be driven using the stronger memory interface values shown in the
DC electrical characteristics of the data sheet.
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OUTPUT FUNCTIONS

Although 8051 I/O ports appear to be true I/O, their output characteristics are dependent on the individual
port and pin conditions. When software writes a logic 0 to the port for output, the port is pulled to ground.
When software writes a logic 1 to the port for output, ports 1, 3, 4, or 5 will drive weak pullups (after the
strong transition from 0 to 1). Port 0 will go tri-state. Thus as long as the port is not heavily loaded, true
logic values will be output. DC drive capability is provided in the electrical specifications. Note that the
DC current available from an I/O port pin is a function of the permissible voltage drop. Transition current
is available to help move the port pin from a 0 to a 1. Since the logic 0 driver is strong, no additional
drive current is needed in the 1 to 0 direction. The transition current is applied when the port latch is
changed from a logic 0 to a logic 1. Simply writing a logic 1 where a 1 was already in place does not
change the strength of the pullup. This transition current is applied for a one half of a machine cycle. The
absolute current is not guaranteed, but is approximately 2 mA at 5V.

When serving as an I/O port, the drive will vary as follows. For a logic 0, the port will invoke a strong
pulldown. For a logic 1, the port will invoke a strong pullup for two oscillator cycles to assist with the
logic transition. Then, the port will revert to a weak pullup. This weak pullup will be maintained until the
port transitions from 1 to 0. The weak pullup can be overdriven by external circuits. This allows the
output 1 state to serve as the input state as well.
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ADDENDUM TO SECTION 11: PROGRAMMABLE TIMERS

The timers of the DS80C390 are very similar to the those of described in the High-Speed Microcontroller
User’s Guide. The primary changes concern the removal of the PMM?2 option and the inclusion of the
frequency multiplier settings. The following figures replace the corresponding figures in Section 11 of the
High-Speed Microcontroller User’s Guide. The affect on the timers is summarized in tabular form in
Section 5, Table 5-2, Effect of Clock Modes on Timer Operation.

TIMER/COUNTER 0 AND 1
MODES 0 AND 1

TOM = CKCON.3
(T1M = CKCON..4)

CD1:0 CLKOUT

1" /3,072 C/T =TMOD.2
anything else /12 0 (C/T =TMOD.6)
l TLO
osc 4X/2X CD1:0 CLK OUT 0 (TL1)
1 00 i A V

ok 1 o T T T T T T

0
X 10 4
X 1" /1024 1
00 MODE 0
b M1,M0 = TMOD.1, TMOD.0O
(M1,M0 = TMOD.5, TMOD.4)

TO=P34
(T1=P3.5)
01 MODE 1

TRO = TCON.4
(TR1=TCON.6) o
0 (TH1) 7
GATE = TMOD.3 ! 4}—‘
(GATE = TMOD.7)
/INTO = P3.2 ,:} TFO = TCON.5
(INT1=P33) TIMER 1 FUNCTIONS (TFi=TCON7) [ > INTERRUPT

SHOWN IN PARENTHESIS ()
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TIMER/COUNTER 0 AND 1
MODE 2

TOM = CKCON.3
(T1M = CKCON.4)

CD1:0 CLK OUT
11 13,072 j 0
anything else /12
C/T = TMOD.2
L (CIT = TMOD.6)
osc 4X/2X CD1:0 CLK OuT !
1 00 i 0 Lo
0 00 2
M (TL1) 7
X

10 4 ~_ JCLK 0
" o T ST —
1 HINRREN
TO=P3.4
(T1=P3.5) ’:} i

TRO = TCON.4 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
(TR1=TCON.6)

GATE =TMOD.3 \ (TH1)
(GATE = TMOD.7) ‘

/INTO = P3.2
(INT1 = P3.3) []

TFO = TCON.5

TIMER 1 FUNCTIONS (TF1=TcoN.7) [—> INTERRUPT

SHOWN IN PARENTHESIS ()

TIMER/COUNTER 0
MODE 3

TOM = CKCON.3

cD1:0 CLK OUT
11 /3,072
anything else /12 0

C/T = TMOD.2

osc 4X/2X CD1:0 CLK OUuT S~ 0 -

SN LAY o O 7
X 10 14 1 T [ T T T 111 > TF0O=TCON5 [ INTERRUPT
X 1 /1024

1

TO=P3.4 D

TRO = TCON.4

GATE =TMOD.3 {>O

/INTO = P3.2 ’:}

TR1 = TCON.6 39{0\ [T T T \7}9 TF1=TCON.7 |—> INTERRUPT
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TIMER/COUNTER 2
CLOCK-OUT MODE
(/RL2 = 0)

4% NERERERRRRNRENE

T200N1-0 .
A Ak

1200.2
ANIERIRARRANAIE
F_OUT - [ RCAPZ | RCAPZH |
(OSCILLATOR FREQUENCY) 0 7 8 15
[4 (65,536 - RLOADH, RLOADL)}

T20E =
T2MODA

o
EXENZ = T2CON.3

TIMER/COUNTER 2

BAUD RATE GENERATOR MODE
/RL2(T2CON.0) = 0; RCLK (T2CON.5) = 1, or TCLK(T2CON.4 = 1

TIMER 2
INTERUPT

TIMER 1
OVERFLOW
0sc
DIVIDE
-
are SMODN
402X CD10 CLKOUT PCON.?
e P C/T2 = TCON.1 0 ]
0o /2 0
X0 I7
X1 [512
1
T2=P14
T2 = T2CON2
LU oy
s [ | RCAP2L [ RCAPZH ]
0 7 B 15 - SERIAL
DIVIDE PORT 0 T
BY 16 CLOCK
| EXE2 = o TIMER?2
EXEN = T2CON.3 12CON6 ® INTERUPT
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TIMER/COUNTER 2

AUTO RELOAD MODE (/RL2 = 0)
(A) DCEN = 0

0scC

T2M = CKCON.S

CD1:0 CLKOUT
1 13012
ANYTHING ELSE /12

C/T2 = TCONA
0

2K [Ilﬂ CLK QUT

ICLK 0

HHHHHH (11T |

TR2 = T2CON.2 & &
—_— LU
=S L | RCAP2L I RCAPZH ]

0 T3 T
EXEZ-

EXENZ = T2CON.3 =1 T2CONG

TIMER 2
INTERUPT

TIMER/COUNTER 2
AUTO RELOAD MODE (/RL2 = 0)
(B) DCEN =1

(DOWN COUNTING RELOAD VALUE)

0 1 8 15
[ 0FFh [ OFFh ]
M= 1N,
s e [T
0

n 13072
C/T2 = TCON.1 v v
0
HHHHHHHHI%R _

ANYTHING ELSE /12

HJ2K CO10 CLKOUT

T Y\

X 10 1

HERERERENED
12=P10
12 = T2CON2 A A
[ RCAPZL [ RCAPZH ]
e 15
COUNT DIRECTION
(1=UP, 0 = DOWN) (UP COUNTING RELOAD VALUE)
12EX=P11 [}
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DIVIDE-BY-13 OPTION

The other change to the timers associated with the DS80C390 is the inclusion of a divide-by-13 option for
Timer 1 and Timer 2. The option in independently enabled for each timer by setting the D13T1 (for timer
1) or D13T2 (for timer 2) bits. When enabled by setting the appropriate bits, the timer input from the T1
or T2 external pins will be replaced by a timebase that is OSC/13. The following figure illustrates the
operation of these bits.

T1=p35 TOC/T SE;ECTOR

(T2 = P1.0)

As shown in the High-Speed Microcontroller User’s Guide.

D13T1 = T2MOD.4

T1=P35 (D13T2 = T2MOD.3)
(T2 = P1.0) 0
TO C/T SELECTOR
1
SYSTEM CLOCK /

13 INPUT

As implemented in DS80C390 with the divide-by-13 option.

The setting of the divide-by-13 bits will affect all operations of timer 1 and all operations of timer except
baud rate generator mode. The baud rate generator mode of Timer 2 will not be affected by any setting of
the D13T2 bit.

The divide-by-13 settings of Timer 1 and Timer 2 allow the microprocessor to simultaneously generate
standard serial baud rates and standard CAN baud rates within generally acceptable error tolerances. In an
original divide-by-12 timer an 11.0592MHz crystal frequency (or multiple thereof) was usually needed to
generate standard serial baud rates. The divide-by-13 setting offers the additional option of selecting the
microprocessor clock frequency by 12/13. Thus, using a 12MHz crystal and the divide-by-13 setting, the
effective baud rate becomes (12/13) x 12 = 11.0769MHz. This differs from the ideal baud rate frequency
by only 0.16%, an insignificant difference, but allows the use of a crystal frequency that is acceptable for
serial port and CAN operation. Using this feature, standard serial rates of up to 38.4k baud are available
with a 16MHz crystal. A 24MHz crystal allows serial rates up to 115.2k baud.

PROGRAMMABLE CLOCK OUTPUT

When enabled, the DS80C390 can output a 50% duty cycle square wave on external pin P3.5. This signal

is free-running, and not synchronized to the external clock source. To enable this feature, three conditions

must be met:

1. Select the output frequency of system clock divided by 2, 4, 6, or 8 by the Clock Output Divide Select
bits (COR.2-1).

2. The External Clock Output Enable bit, CLKOE, must be set (COR.0). Steps 1 and 2 can be combined
and must use the Timed Access procedure.

3. The P3.5 latch bit (P3.5) must be set.
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IrDA CLOCK OUTPUT

The Infrared Data Association (IrDA) communication protocol is a popular way to connect physically
separated devices up to one meter distant. The physical layer of the protocol is very easy to implement:
configure the DS80C390’s serial port 0 by selecting crystal speed, baud rate, etc. The microcontroller is
then connected to an external IR encoder/decoder that modulates the output of the serial port and
communicates with an infrared transceiver. A good reference for the implementation of IrDA interfaces
can be found in /rDA Data Link Design Guide available from Hewlett-Packard Company, www.hp.com.

The DS80C390 incorporates special circuitry that makes it a snap to add IR capability to your design.
Most IR encoders require the controlling microprocessor to supply a 16x clock to perform the
modulation. The DS80C390 can provide this special 16x clock to the encoder without requiring the use of
a timer. After the serial port is configured, set the IRDACK (COR.7) and CLKOE (COR.0) bits using the
Timed Access procedure. The P3.5 latch bit (P3.5) must also be set. At this point a clock signal with a
frequency of 16 times the serial port 0 baud rate will be presented on P3.5.

The following diagram illustrates how to add IrDA capability to a DS80C390-based system. The receive
and transmit signals of serial port 0 are connected directly to an encoder/decoder chip which in turn
interfaces to an infrared transceiver. The External Clock Output pin (P3.5) is connected to the 16XCLK
pin of the encoder/decoder to provide the modulation clock.

Figure 11-1. Sample IRDA Implementation

DS80C390 HSDL-7000 HSDL-3610

Encoder/ Transceiver

P3.0% Decoder | IrRXD

P3.1l4 TXD ¢ " TXD )

P35 16x Clock)
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ADDENDUM TO SECTION 12: SERIAL /O

The serial ports of the DS80C390’s Ax and Bx versions operate the same as those described in the High-
Speed Microcontroller User’s Guide. Revision C3 and later devices will change the operation of serial
port 1 as follows.

When using serial port 1, it should be noted that setting either the RCLK or TCLK bit, used to select
timer 2 as the clock source for serial port 0, doubles the respective receive or transmit baud rate of serial
port 1. When the RCLK bit is set, the clock circuitry assumes the serial port 1 baud-rate double bit
(WDCON.7) is 0 for the purposes of calculating the serial port receiver baud rate. This is also true for the
TCLK bit and calculating the serial port transmitter baud rate.

In almost all implementations, RCLK and TCLK are set at the same time. If this is the case, then simply
calculate a new reload value for serial port 1 corresponding to a baud rate that is half the desired value.
This feature halves the doubled baud rate, allowing serial port 1 to operate at the desired baud rate for
both transmit and receive operations.
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ADDENDUM TO SECTION 13: TIMED ACCESS PROTECTION

A number of timed-access protected bits are associated with the new features of the DS80C390. Please
consult the High-Speed Microcontroller User’s Guide for complete information on the use of the timed-

access feature.

POR (WDCON.6): Power-on Reset

WDIF (WDCON.3): Watchdog Interrupt Flag
EWT (WDCON.1): Watchdog Timer Enable
RWT (WDCON.0): Watchdog Reset

BGS (EXIF.0): Bandgap Stop

SA (ACON.2): Stack Address Mode

AM1-AMO (ACON.1-ACON.0):

Address Mode Bit 1 and Bit 0

IDM1-IDMO (MCON.7-MCON.6):

Internal Memory Configuration and Location
Bits 1 and 0

CMA (MCON.5):

CAN Data Memory Assignment

PDCE3-PDCE.0 (MCON.3-MCON.0)

Program/Data Chip Enables

CRST (COC.3): CAN 0 Reset
CRST (C1C.3): CAN 1 Reset
SBCAN (P4CNT.6): Single Bus CAN

P4CNT.5-P4CNT.0:

Port 4 Pin Configuration Control Bits

PSCNT.2-P5CNT.0:

Port 5 Pin (P5.7-P5.5) Configuration Control
Bits

IRDACK (COR.7):

IRDA Clock Output Enable

C1BPR7-C1BPR6 (COR.6-COR.5):

CAN 1 Baud Rate Prescale Bits

COBPR7-COBPR6 (COR.4-COR.3):

CAN 0 Baud Rate Prescale Bits

COD1-CODO0 (COR.2-COR.1):

CAN Clock Output Divide Bit 1 and Bit 0

CLKOE (COR.0):

CAN Clock Output Enable
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ADDENDUM TO SECTION 16: INSTRUCTION SET DETAILS

The DS80C390 supports one of three different address modes, selected by the AM1 and AMO bits in the
ACON register. The processor operates in either the traditional 16-bit address mode, 22-bit paged address
mode or in a 22-bit contiguous address mode. When operating in the 16-bit addressing mode (AM1, AMO
= 00b), all instruction cycle timing and byte counts will be identical to the 8051 family. Use of the 24-bit
paged address mode is binary code-compliant with the traditional (16-bit) 8051 compilers, but allows for
up to 4M bytes of program and 4M bytes of data memory to be supported by a new Address Page SFR
which supports an internal bank switch mechanism. The 22-bit contiguous mode requires a compiler that
supports contiguous program flow over the entire 22-bit address range by the addition of an operand
and/or cycles to eight basic instructions.

16-BIT (8051 STANDARD) ADDRESSING MODE

This addressing mode is identical to that used by the 8051 family and most members of the high-speed
microcontroller family. The microcontroller defaults to this mode following a reset. This mode can also
be used to run code compiled or assembled for the 22-bit contiguous mode, as long as the following
instructions are not executed:

MOV DPTR, #dat a24,
ACALL addr 19
AJVP addr 19
LCALL addr 24
LIMP addr 24

These four branch instructions are the only instructions that will cause the compiler to generate additional
operands relative to the 16-bit addressing mode. Note that the number of cycles per instruction may
appear different from other instructions, but this is ignored by most assemblers or compilers and as such
does not pose a problem with the binary output.

By selecting the 24-bit contiguous mode prior using any one of these four branch instructions, it is
possible to run 24-bit contiguous compiled code in the default 16-bit address configuration. Once the
AMO and AMI bits are set to the 24-bit contiguous address mode, the instructions seen above will
execute properly. When the 24-bit paged address mode is selected, all instructions complied under the
traditional 16-bit address mode will execute normally at any point in code.

22-BIT PAGED ADDRESSING MODE

The DS80C390 incorporates an internal 8-bit Address Page Register (AP),an 8-bit extended DPTR
Register (DPX), an 8-bit extended DPTR1 Register (DPX1), and an 8-bit MOV X Extended Address
Register as hardware support for 22-bit addressing in the paged address mode (AM1, AMO = 01b). This
mode has two differences in code execution from the traditional 16-bit mode:

1. The first difference is the additional of one machine cycle when executing the ACALL, LCALL, RET
and RETT instructions as well as when the hardware processes an interrupt. This change should be
transparent to most compilers, as the byte count remains identical for these instructions.

2. The second instruction involves register indirect MOV X instructions such as MOVX @QRi, A or
MOVX A, @Ri.When in this mode, the MXAX register supplies the upper 8-bits of the 22-bit (or
23-bit if CMA=1 or IDM1=) address bits of the MOV X address. The complete address is formed by
concatenating MXAX, P2, and R1 or RO in this mode. The DPTR-related MOV X instructions do not
utilize the P2 and MXAX register.
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The DS80C390 supports interrupts from any location in the 22-bit address field. When an interrupt
request is acknowledged, the current contents of the 22-bit Program Counter (PC) is pushed onto the
stack, and the page value (00h) and the lower 16-bit address of the interrupt vector is then written to the
PC before the execution of the LCALL. This means that all interrupt vectors are fetched from address
0000xxh, rather than the current page as defined by the AP register. The RETI instruction will pop the
three address bytes from the stack, and will restore these bytes back to the PC at the conclusion of the
interrupt service routine. Interrupt service routines that branch over page boundaries must save the current
contents of AP before altering the AP register, as it is not automatically saved on the stack. This
mechanism will support up to three levels of nesting for interrupts.

One extra machine cycle is required to handle the additional byte associated with the extension to 22-bit
addressing. The storage of the 22-bit address during an interrupt, LCALL, or ACALL instruction also
requires three bytes of stack memory as opposed to the traditional two bytes in the 16-bit address mode.
In this mode, the third byte of the PC (PC[22:16]) is not incremented when the lower 16 bits in the lower
two bytes of the PC (PC[15:0]) rolls over from FFFFh to 0000h. In the 22-bit paged address mode
PC[22:16] functions only as a storage register which is loaded by the Address Page (AP) register
whenever the processor executes either a LIMP, ACALL or LCALL instruction. PC[22:16] is stored and
retrieved from the stack with the lower 16-bit of address in PC[15:0] when stack operation is required.

In paged address mode MOVX instructions which utilize the data pointers (such as MOVX @DPTR, 2)
will form the 22-bit data address by concatenating the contents of the currently selected extended DPTR
register (DPX or DPX1) with the contents of the DPTR. The values in the DPX and DPX1 registers are
not affected when the lower 16 bits of the selected DPTR overflows or underflowed.

To maintain compatibility with existing 8051 compilers, the JMP @A+DPTR or the MOVC A,
@A+DPTR instructions are limited to the current 64 KB page as specified by the upper 7 bits of the
current instruction execution address register. The contents of the DPX and DPX1 registers will not affect
the operation of either instruction. Note that this differs slightly from the previous discussion of
instructions that use the data pointer.
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The modification of the instructions in the 22-bit page address mode is summarized in the following
table.

INSTRUCTION CODE
MNEMONIC (D; D¢ Ds D, D; D, D; Dy | HEX | BYTE |[CYCLE| EXPLANATION
ACALLaddr |ajg a9 agz 1 0 O O 1 | Bytel 2 4 (PCi5.0)=(PCjs:0)+2
11 a7 a as a4 a3 a, a; ap | Byte2 (SP)=(SP)+ 1
((SP)) = (PC7y)
(SP)=(SP)+ 1
((SP)) = (PCis.5)
(SP)=(SP)+ 1
((SP))=(PCa3:16)
(PC]o;o):addrl 1
(PCy3.16)=(AP7,)

LCALLaddr | O 0 O 1 0 O 1 0 12 3 5 (PCi5.0)=(PCjs:0)+3
16 d;s a4 apz app aj; ajp 4ag ag ByteZ (SP):(SP)+1
a7 a as a4 a3 a, a; ap | Byte3 ((SP)) = (PC7.0)
(SP) = (SP) + 1
((SP)) = (PCis.5)
(SP) = (SP) + 1
((SP))=(PC23.16)
(PC)=addrl6
(PCa3:16)=(AP7.0)

RET 0 0 1 0 0 0 1 0 22 1 5 |(PCa3:16)=((SP))
(SP)=(SP)-1
(PCi5.8)=((SP))
(SP)=(SP)-1
(PC7.0)=((SP))
(SP)=(SP)-1
RETI 0O 0 1 1 0 0 1 0 32 1 5 |(PCa.16)=((SP))
(SP)=(SP)-1
(PCi5.8)=((SP))
(SP)=(SP)-1
(PC7.0)=((SP))
(SP)=(SP)-1

22-BIT CONTIGUOUS ADDRESSING MODE

When the AMI1 bit is set, the DS80C390 will operate in its 22-bit contiguous addressing mode. This
addressing mode is supported by a full 22-bit Program Counter with eight modified instructions that
operate over the full 22-bit address range. All modified branching instructions will automatically store
and restore the entire contents of the 22-bit Program Counter. The 22-bit DPTR and DPTR1 registers will
function identically to the Program Counter to allow access to the full 22- bit data memory range.

All the DS80C390 instruction opcodes retain binary compatibility to the 8051. Modified instructions are
only different with respect to their cycle/byte/operand count and operate within a contiguous 24-bit
address field. Note that all instructions which utilize the DPTR register now make use of a full 24-bit
register (DPTR=DPX+DPH+DPL and DPTR1=DPX1+DPH1+DPLI). This mode of operation requires
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software tools (assembler or compiler) specifically designed to accept the modified length of the new
instructions.

In addition, the 22-bit contiguous mode utilizes the MXAX register to supply the upper 8-bits of the 22-
bit (or 23-bit if CMA=1 or IDM1=) address bits of the MOVX address during register indirect MOVX
instructions such as MOVX @Ri, A or MOVX A, @Ri. The complete address is formed by
concatenating MXAX, P2, and R1 or RO in this mode. The DPTR-related MOVX instructions do not
utilize the P2 and MXAX register.

The instructions modified to operate in the 24-bit address mode are summarized in the following table.
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INSTRUCTION CODE
MNEMONIC |D; D¢ Ds D, D; D, D; Dy | HEX | BYTE [ CYCLE| EXPLANATION
ACALL addr aig ay7 Qae 1 0 0 0 1 Byte 1 3 5 (PC):(PC)+3
19 ajs a4 a;3 ajpp aj; aj a9 ag | Byte2 (SP)=(SP)+1
a7 a as a4 a3 a, a; ap | Byte3 ((SP))=(PC7.9)
(SP)=(SP)+1
((SP))=(PCis:5)
(SP)=(SP)+1
((SP))=(PC23:16)
(PC]g;o):addrl 9
AJMP addr 19 |aj;g aj;7 aj¢ 0 0 O O 1 | Bytel 3 5 (PC)=(PC)+3
ajs a4 a3 app aj ajp a ag | Byte2 (PCis.0)=addr19
a7 a as a4 a3 a a; ap | Byte3
INC DPTR 1 0 1 0 O o0 1 1 A3 1 4 (DPTR)=(DPTR)+1
(PCis.0)=addr19
LCALLaddr24f 0 0 O 1 0 0 1 0 12 4 6 (PC)=(PC)+4
a3 ax» ay axy ajg ajg a7 ape | Byte2 (SP)=(SP)+1
ajs aj4 a;z a;p a;; ajp ag ag | Byte3 ((SP))=(PCy.0)
a7 a as a4 a3 a, a; ap | Byted (SP)=(SP)+1

((SP))=(PCis:s)
(SPY=(SP)+1
((SP))=(PCz3:16)
(PC23;0):addI‘24

LIMPaddi24 | 0 0 O O 0 O 1 0 02 4 5 (PCy3.0)=addr24
a3 ax @y ay aj ajg a;7 aje | Byte2
ajs a4 a;z a;p ap;; ajp ag ag | Byte3
a7 a Aas a4 a3 a, a; ap | Byted

MOVDPTR, |1 0 O 1 O 0 O 0 90 4 3 (DPX)=#data23:9
#data24 dy3 dyp dai dy dig dig di7 dig | Byte 2 (DPH)=#datal5:8

dis dia diz dip dyp dio do ds | Byte3 (DPL)=#data7:0

d; d¢ ds dy d3 dy di do Byte 4

RET 0O 0 1 0 0 0 1 0 22 1 5 |(PCa.16)=((SP))
(SP)=(SP)-1
(PCi5.8)=((SP))
(SP)=(SP)-1
(PC7.0)=((SP))
(SP)=(SP)-1

RETI 0O 0 1 1 0 0 1 0 32 1 5 |(PCa.16)=((SP))
(SP)=(SP)-1
(PCis5.8)=((SP))
(SP)=(SP)-1
(PC7.0)=((SP))
(SP)=(SP)-1
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SECTION 19: CONTROLLER AREA NETWORK (CAN) MODULE
(DS80C390 Supplement Only)

The DS80C390 incorporates two identical CAN controllers (CAN 0 and CAN 1). Each of these CAN
units provides operating modes that are fully compliant with the CAN 2.0B specification. The
microcontroller interface to the CAN controllers is broken into two groups of registers. To simplify the
software associated with the operation of the CAN controllers, all of the global CAN status and controls
as well as the individual message center control/status registers are located in the Special Function
Register map. The remaining registers associated with the data identification, identification masks, format
and data are located in the MOVX space. Each of the SFR and MOVX registers are configured as dual
port memories to allow both the CAN controller and the microcontroller access to the required functions.

The basic functions covered by the CAN controllers include the use of 11-bit standard or 29-bit extended
acceptance identifiers, as programmed by the microcontroller for each message center. Each CAN unit
provides storage for up to 15 messages, with the standard 8-byte data field, in each message. Each of the
first 14 message centers is programmable in either transmit or receive mode. Message center 15 is
designed as a receive only message center with a FIFO buffer to prevent the inadvertent loss of data when
the microcontroller is busy and is not allowed time to retrieve the incoming message prior to the
acceptance of a second message into message center 15. Message 15 also utilizes an independent set of
mask registers and Identification registers, which are only applied once an incoming message has not
been accepted by any of the first fourteen message centers. A second filter test is also supported for all
message centers (1 to 15) to allow the CAN controller to use two separate 8-bit media masks and media
arbitration fields to verify the contents of the first two byte of data of each incoming message, before
accepting an incoming message. This feature allows the CAN unit to directly support the use of higher
CAN protocols, which make use of the first and/or second byte of data as a part of the acceptance layer
for storing incoming messages. Each message center can also be programmed independently to perform
testing of the incoming data with or without the use of the global masks.

Global controls and status registers in each CAN module allow the microcontroller to evaluate error
messages, validate new data and the location of such data, establish the bus timing for the CAN Bus,
establish the Identification mask bits, and verify the source of individual messages. In addition each
message center is individually equipped with the necessary status and controls to establish directions,
interrupt generation, identification mode (standard or extended), data field size, data status, automatic
remote frame request and acknowledgment, and masked or non-masked identification acceptance testing.
Utilizing the Single Bus CAN mode (SBCAN=1) connects the inputs and outputs of both CAN modules
together, effectively creating a single CAN module with 30 message centers.

The priority order associated with the CAN module transmitting or receiving a message is determined by
the inverse of the number of the message center, and is independent of the arbitration bits assigned to the
message center. Thus message center 2 has a higher priority than message center 14. To avoid a priority
inversion the CAN modules are configured to reload the transmit buffer with the message of the highest
priority (lowest message center number) whenever an arbitration is lost or an error condition occurs.

The following tables illustrate the locations of the MOVX SRAM registers and bits used by the CAN
controllers. Following the tables are descriptions of the function of the bits and registers.
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MOVX MESSAGE CENTERS FOR CAN 0

CAN 0 CONTROL/STATUS/MASK REGISTERS

MOVX Data
Register 7 6 5 4 3 2 1 0 Address’
COMIDO MIDO07 | MID06 | MIDO05 | MID04 | MIDO0O3 | MID02 | MIDO01 | MID00 xxxx00h
COMAO | MOAA7 | MOAAG6 | MOAAS | MOAA4 | MOAA3 | MOAA2 | MOAAT | MOAAO xxxx01h
COMID1 MID17 | MID16 | MID15 | MID14 | MID13 | MID12 | MID11 | MID10 xxxx02h
COMAL MI1AA7 | M1AAG6 | M1IAAS | M1IAA4 | MT1AA3 | M1AA2 | M1AAT | M1AAO xxxx03h
COBTO SIW1 SIWO0 BPR5 BPR4 BPR3 BPR2 BPRI1 BPRO xxxx04h
COBTI1 SMP |[TSEG26 | TSEG25|TSEG24 | TSEG13 | TSEG12 | TSEG11 | TSEG10 xxxx05h
COSGMO 1D28 ID27 1D26 ID25 1D24 ID23 ID22 ID21 xxxx(06h
COSGM1 ID20 ID19 ID18 0 0 0 0 0 xxxx07h
COEGMO 1D28 1D27 1D26 ID25 D24 ID23 ID22 ID21 xxxx08h
COEGMI1 ID20 ID19 ID18 ID17 ID16 ID15 ID14 ID13 xxxx09%h
COEGM2 ID12 ID11 ID10 ID9 ID8 ID7 ID6 ID5 xxxx0Ah
COEGM3 ID4 ID3 1D2 ID1 IDO 0 0 0 xxxx0Bh
COM15M0 1D28 ID27 1ID26 ID25 1D24 ID23 ID22 ID21 xxxx0Ch
COM15M1 1D20 ID19 ID18 ID17 ID16 ID15 ID14 ID13 xxxx0Dh
COM15M2 ID12 ID11 ID10 1D9 ID8 ID7 ID6 ID5 xxxx0Eh
COM15M3 ID4 ID3 ID2 ID1 1DO0 0 0 0 xxxx0Fh
CAN 0 MESSAGE CENTER 1
Reserved xxxx10h - 11h
COM1ARO CAN 0 MESSAGE 1 ARBITRATION REGISTER 0 xxxx12h
COM1ARI1 CAN 0 MESSAGE 1 ARBITRATION REGISTER 1 xxxx13h
COM1AR2 CAN 0 MESSAGE 1 ARBITRATION REGISTER 2 xxxx14h
COM1AR3 CAN 0 MESSAGE 1 ARBITRATION REGISTER 3 WTOE xxxx15h
COMIF |DTBYC3|DTBYC2|DTBYCI|DTBYCO| /R | Ex/ST | MEME | MDME xxxx16h
COM1DO0-7 CAN 0 MESSAGE 1 DATA BYTES 0 - 7 xxxx17h - 1Eh
Reserved xxxx1Fh
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CAN 0 MESSAGE CENTERS 2-14

MESSAGE CENTER 2 REGISTERS (similar to Message Center 1)

xxxx20h - 2Fh

MESSAGE CENTER 3 REGISTERS (similar to Message Center 1)

xxxx30h - 3Fh

MESSAGE CENTER 4 REGISTERS (similar to Message Center 1)

xxxx40h - 4Fh

MESSAGE CENTER 5 REGISTERS (similar to Message Center 1)

xxxx50h - 5Fh

MESSAGE CENTER 6 REGISTERS (similar to Message Center 1)

xxxx60h - 6Fh

MESSAGE CENTER 7 REGISTERS (similar to Message Center 1)

xxxx70h - 7Fh

MESSAGE CENTER 8 REGISTERS (similar to Message Center 1)

xxxx80h - 8Fh

MESSAGE CENTER 9 REGISTERS (similar to Message Center 1)

xxxx90h - 9Fh

MESSAGE CENTER 10 REGISTERS (similar to Message Center 1)

xxxxAOh - AFh

MESSAGE CENTER 11 REGISTERS (similar to Message Center 1)

xxxxB0h - BFh

MESSAGE CENTER 12 REGISTERS (similar to Message Center 1)

xxxxCOh - CFh

MESSAGE CENTER 13 REGISTERS (similar to Message Center 1)

xxxxDO0Oh - DFh

MESSAGE CENTER 14 REGISTERS (similar to Message Center 1)

xxxxEOh - EFh

CAN 0 MESSAGE CENTER 15

Reserved

xxxxFOh - F1h

COMI5AR0 CAN 0 MESSAGE 15 ARBITRATION REGISTER 0 xxxxF2h
COM15AR1 CAN 0 MESSAGE 15 ARBITRATION REGISTER 1 xxxxF3h
COMI15AR2 CAN 0 MESSAGE 15 ARBITRATION REGISTER 2 xxxxF4h
COMI15AR3 CAN 0 MESSAGE 15 ARBITRATION REGISTER 3 WTOE xxxxF5h
COMISF |IDTBYC3DTBYC2IDTBYCI1|DTBYCO 0 EX/ST | MEME MDME xxxxF6h
COM15D0-7 CAN 0 MESSAGE 15 DATABYTEO0-7 xxxxF7h - FEh

Reserved

xxxxFFh

Note 1: The first two bytes of the CAN 0 MOVX memory address are dependent on the setting of the CMA bit (MCON.5) CMA=0, xxxx=00EE;
CMA=1, xxxx=4010.
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MOVX MESSAGE CENTERS FOR CAN 1

CAN 1 CONTROL/STATUS/MASK REGISTERS

MOVX Data
Register 7 6 5 4 3 2 1 0 Address'

CIMIDO | MID07 | MIDO06 | MIDOS | MID04 | MIDO03 | MIDO02 | MIDO1 | MID0OO xxxx00h
CIMAO | MOAA7 |[MOAA6{MOAAS5|MOAA4|MOAA3|MOAA2|MOAAT|MOAAO xxxx01h
CIMID1 | MID17 | MID16 | MID15 | MID14 | MID13 | MID12 | MIDI11 | MID10 xxxx02h
CIMA1 |M1AA7 M1AA6{MI1AAS5|M1AA4|MIAA3MIAA2IMIAAT|MIAAO xxxx03h
CIBTO SJW1 | SJWO0 | BPRS | BPR4 | BPR3 | BPR2 | BPR1 | BPRO xxxx04h
CIBTI SMP [TSEG26|TSEG25|TSEG24|TSEGI13|TSEG12|TSEGI11|{TSEG10 xxxx05h

CISGMO | ID28 ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 xxxx06h
CISGM1 | ID20 ID19 | IDI18 0 0 0 0 0 xxxx07h
CIEGMO | ID28 ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 xxxx08h
CIEGM1 | ID20 ID19 | ID18 | ID17 | IDl6 | ID15 | IDI14 | IDI13 xxxx0%h
CIEGM2 | IDI12 ID11 ID10 ID9 ID8 ID7 ID6 ID5 xxxx0Ah
C1EGM3 ID4 ID3 ID2 ID1 IDO 0 0 0 xxxx0Bh

CIMI5SMO| ID28 ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 xxxx0Ch
CIM1I5M1| ID20 ID19 | ID18 | ID17 | IDl6 | ID15 | IDI14 | IDI13 xxxx0Dh

CIM15M2| IDI2 IDI11 ID10 ID9 IDS8 ID7 ID6 ID5 xxxx0Eh
CIM15M3| 1D4 ID3 ID2 ID1 IDO 0 0 0 xxxx0Fh
CAN 1 MESSAGE CENTER 1
Reserved xxxx10h - 11h
CIM1ARO CAN 1 MESSAGE 1 ARBITRATION REGISTER 0 xxxx12h
CIMI1ARI1 CAN 1 MESSAGE 1 ARBITRATION REGISTER 1 xxxx13h
CIM1AR2 CAN 1 MESSAGE 1 ARBITRATION REGISTER 2 xxxx14h
CIMIAR3 CAN 1 MESSAGE 1 ARBITRATION REGISTER 3 WTOE xxxx15h
CIMIF [DTBYC3 |DTBYC2|[DTBYCI|DTBYCO| 1/R | Ex/sT | MEME | MDME xxxx16h
CIM1DO0-7 CAN 1 MESSAGE 1 DATABYTES 0 -7 xxxx17h - 1Eh
Reserved xxxx1Fh

122 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

CAN 1 MESSAGE CENTERS 2-14

MESSAGE CENTER 2 REGISTERS (similar to Message Center 1)

xxxx20h - 2Fh

MESSAGE CENTER 3 REGISTERS (similar to Message Center 1)

xxxx30h - 3Fh

MESSAGE CENTER 4 REGISTERS (similar to Message Center 1)

xxxx40h - 4Fh

MESSAGE CENTER 5 REGISTERS (similar to Message Center 1)

xxxx50h - 5Fh

MESSAGE CENTER 6 REGISTERS (similar to Message Center 1)

xxxx60h - 6Fh

MESSAGE CENTER 7 REGISTERS (similar to Message Center 1)

xxxx70h - 7Fh

MESSAGE CENTER 8 REGISTERS (similar to Message Center 1)

xxxx80h - 8Fh

MESSAGE CENTER 9 REGISTERS (similar to Message Center 1)

xxxx90h - 9Fh

MESSAGE CENTER 10 REGISTERS (similar to Message Center 1)

xxxxAO0h - AFh

MESSAGE CENTER 11 REGISTERS (similar to Message Center 1)

xxxxB0h - BFh

MESSAGE CENTER 12 REGISTERS (similar to Message Center 1)

xxxxCOh - CFh

MESSAGE CENTER 13 REGISTERS (similar to Message Center 1)

xxxxDO0h - DFh

MESSAGE CENTER 14 REGISTERS (similar to Message Center 1)

xxxxEOh - EFh

CAN 1 MESSAGE CENTER 15

Reserved xxxxFOh - F1h
CIMI15AR0 CAN 1 MESSAGE 15 ARBITRATION REGISTER 0 xxxxF2h
CIMI15AR1 CAN 1 MESSAGE 15 ARBITRATION REGISTER 1 xxxxF3h
CIMI15AR2 CAN 1 MESSAGE 15 ARBITRATION REGISTER 2 xxxxF4h
CIM15AR3 CAN 1 MESSAGE 15 ARBITRATION REGISTER 3 WTOE xxxxF5h
CIMI5F |DTBYC3|DTBYC2[DTBYCI[DTBYCO| 0 |EX/ST | MEME MDME xxxxF6h

%111\16111‘?1))%_ CAN 1 MESSAGE 15 DATABYTEO0-7 xxxxF7h - FEh
Reserved xxxxFFh

Note 1: The first two bytes of the CAN 1 MOVX memory address are dependent on the setting of the CMA bit (MCON.5) CMA=0, xxxx=00EF;

CMA=1, xxxx=4011.
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CAN MOVX REGISTER DESCRIPTION

Most of the SRAM control registers, including the message centers proper, are mapped into a special
location in the MOVX SRAM space. The specific location of the registers is a function of the module
number (CAN 0 or CAN 1) and the CMA bit that controls whether the CAN SRAM begins at location
401xxxh or 00Exxxh.

The MOVX CAN Registers consist of a set of one Control/Status/Mask register and 15 message centers.
Write access to the Control/Status/Mask registers is only possible when the SWINT bit is set to 1. All
message centers for a given CAN module are identical with the exception of 15, which has some minor
differences noted in the register descriptions. All of the CAN 1 registers are duplicates of the CAN 0
register set, differing only by address. To simplify the documentation, only one set of registers will be
shown, with the following generic notation used for register names and addresses:

n CAN number (0 or 1)

xxxx  First four hexadecimal digits of register address
CMA CAN O CAN1
0 00EE 00EF
1 4010 4011

y Address based on message center number
y Message center number
1 1
2 2
A 10
F 15

CAN Media ID Mask Register 0 (CnMIDO0)

MOVX
Address' 7 6 5 4 3 2 1 0

xxxx00h | | | | | | | |

CAN Media ID Mask Register 1 (CnMID1)

MOVX
Address' 7 6 5 4 3 2 1 0

xxxx02h | | | | | | | |

CAN Media ID Mask Registers 1-0. These registers function as the mask when
performing the Media Identification test. This register can only be modified
during a software initialization (SWINT=1). If MDME=0, the Media
Identification test will not be performed and the contents of these registers is
ignored. If MDME=1, the CAN module will perform an additional qualifying test
on Data Bytes 0 and 1 of the incoming message, regardless of the state of the
EX/ST bit. Data byte 1 will be compared against CAN Media Byte Arbitration
Register 1 utilizing CnMID1 as a mask, and Data byte 0 will be compared against
CAN Media Byte Arbitration Register 0 utilizing CnMIDO as a mask. Any bit in
the CnMID1, CnMIDO masks programmed to 0 will ignore the state of the
corresponding Data Byte bit when performing the test. Any bit in the CnMID1,
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CnMIDO masks programmed to 1 will force the state of the corresponding Data
Byte bit and CAN Media Byte Arbitration Registers 1 and 0 to match before
considering the incoming message a match. Programming either Media ID Mask
Register to 00h effectively disables the Media ID test for that byte. As such the
CnMID1, CnMIDO masks act as a don’t care following a system Reset.

CAN Media Arbitration Register 0 (CnMAO)

MOVX

Address! 6 5 4 3 2 1 0

xxxx01h

CAN Media Arbitration Register 1 (CnMA1)

MOVX

Address' 6 5 4 3 2 1 0

xxxx03h

CAN Media Arbitration Register 1-0. These registers function as the arbitration
field when performing the Media Identification test. [f MDME=0, the Media
Identification test will not be performed and the contents of these registers is
ignored. If MDME=1, the CAN module will perform an additional qualifying test
on Data Bytes 0 and 1 of the incoming message, as mentioned in the description of
the CAN Media ID Mask Registers. This register can only be modified during a
software initialization (SWINT=1).

CAN Bus Timing Register 0 (CnBTO0)

MOVX

Address! 6 5 4 3 2 1 0

xxxx04h | SJWI SIWO0 BPR5 BPR4 BPR3 BPR2 BPR1 BPRO

SJW1, SIW0 CAN Synchronization Jump Width Select. These bits specify the maximum

Bits 7-6 number of time quanta (tq,) cycles that a bit may be lengthened or shortened in
one resynchronization to compensate for Phase Errors detected by the CAN
controller when receiving data. These bits can only be modified during a software
initialization (SWINT=1).

SJW1 SJWO0 Synchronization Jump Width

(Number in parenthesis is SITW value used in bit timing calculations)

0 0 1 tqu (1)

0 1 2tqu (2)

1 0 3t (3)

1 1 4 tqu (4)
BPRS - BPRO CAN Baud Rate Prescaler. The sixty four states defined by the binary
Bits 5-0 combinations of the BPRS - BPRO bits determine the value of the prescaler,

which in turn defines the cycle time associated with one time quanta. These bits
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can only be modified during a software initialization (SWINT=1).

BPRS BPR4 BPR3 BPR2 BPR1 BPR0 Baud Rate Prescale

Value”
(BRPV)
0 0 0 0 0 0 1
0 0 0 0 0 1 2
1 1 1 1 1 63
1 1 1 1 1 1 64
*Assumes BPR7-6 = 00b.
CAN Bus Timing Register 1 (CnBT1)
MOVX
Address! 7 6 5 4 3 2 1 0

xxxx05h SMP TSEG26 | TSEG25 | TSEG24 | TSEGI13 | TSEGI2 | TSEGI11 | TSEGIO0

SMP CAN Sampling Rate. The Sampling Rate (SMP) bit determines the number of

Bit 7 samples to be taken during each receive bit time. Programming SMP = 0 will take
only one sample during each bit time. Programming SMP = 1 will direct the CAN
logic to take three samples during each bit time, and to use a majority voting
circuit to determine the final bit value. When SMP is set to a 1, two additional tq,
clock cycles are added to Time Segment One. SMP should not be set to one when
the Baud Rate Prescale Value (BRPV) is less than 4. This bit can only be
modified during a software initialization (SWINT=1).

TSEG26-24 CAN Time Segment 2 Select. The eight states defined by the TSEG26 -

Bits 6-4 TSEG24 bits determine the number of clock cycles in the Phase Segment 2
portion of the nominal bit time, which occurs after the sample time. These bits
can only be modified during a software initialization (SWINT=1).

TSEG26 TSEG25 TSEG24 Time Segment Two Length
(Number in parenthesis is TS2_LEN value used in
bit timing calculations)

0 0 0 Invalid

0 0 | 2t (2)

0 1 0 3t (3)

1 1 0 7 tqu (7)

1 1 1 8 tqu (8)
TSEG13-10 CAN Time Segment 1 Select. The sixteen states defined by the TSEG13 -
Bits 3-0 TSEG10 bits determine the number of clock cycles in the Phase Segment 1

portion of the nominal bit time, which occurs before the sample time. These bits
can only be modified during a software initialization (SWINT=1).

126 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

TSEG13 TSEG12 TSEGI1 TSEGI10 Time Segment One Length
(Number in parenthesis is TS1_LEN
value used in bit timing calculations)

0 0 0 0 Invalid
0 0 0 1 2t (2)
0 0 1 0 3t (3)
1 1 1 0 15 tqu (15)
| 1 | 1 16 tqu (16)

CAN Standard Global Mask Register 0 (CnSGMO0)

MOVX
Address!

xxxx06h

7

6 5 4 3 2 1 0

MASK?28

MASK?27 | MASK26 | MASK25 | MASK24 | MASK23 | MASK22 | MASK21

CAN Standard Global Mask Register 1 (CnSGM1)

MOVX
Address!

xxxx07h

7

6 5 4

MASK?20

MASK19 | MASK18 0 0 0 0

CAN Standard Global Mask Registers 1-0. These registers function as the
mask when performing the 11-bit global identification test on incoming messages
for Message Centers 1-14. If MEME=0, the incoming message ID field must
match the corresponding message center arbitration value exactly, effectively
ignoring the contents of these registers. These registers are only used when
performing the standard identification test, and their contents are ignored when
EX/ST =1. These registers can only be modified during a software initialization
(SWINT=1).

Any mask bit in the CnSGM1, CnSGMO0 mask programmed to a 0 will create a
don’t care condition when the respective bit in the incoming message ID field is
compared with the corresponding arbitration bits in Message Centers 1-14. Any
bit in these masks programmed to a 1 will force the respective bit in the incoming
message ID field to match identically with the corresponding arbitration bits in
Message Centers 1-14, before said message will be loaded into Message Centers
1-14.

The five least significant bits in the CnSGMI1 register are not used, and will not
perform any comparison of these bit locations. A read of these bits will return a 0,
writes are ignored..
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CAN Extended Global Mask Register 0 (CnEGMO)

MOVX
Address!

xxxx08h

MOVX
Address’

xxxx09h

MOVX
Address!

xxxx0Ah

MOVX
Address’

7 6 5 4 3 2 1 0
MASK28| MASK27 | MASK26 | MASK25 | MASK24 | MASK23 | MASK22 | MASK21
CAN Extended Global Mask Register 1 (CnEGM1)
7 6 5 4 3 2 1 0
MASK20| MASK19 | MASKI18 | MASK17 | MASK16 | MASK15 | MASK14 | MASK13
CAN Extended Global Mask Register 2 (CnEGM2)
7 6 5 4 3 2 1 0
MASK12| MASK11 | MASK10 | MASK9 | MASKS8 | MASK7 | MASK6 | MASKS
CAN Extended Global Mask Register 3 (ChEGM3)
7 6 5 4 3 2 1
MASK4 | MASK3 | MASK2 | MASK1 | MASKO 0 0

xxxx0Bh

CAN Extended Global Mask Registers 0-3. These registers function as the
mask when performing the Extended Global Identification test (EX/ST =1) for
Message Centers 1-14. When EX/ST =0 the contents of this register will be

ignored. These registers can only be modified during a software initialization
(SWINT=1).

When EX/ST =1, the 29-bits of the message ID will be compared against the 29-
bits of the CAN Message Center y Arbitration Registers, using the 29 bits of the
CAN Extended Global Mask Registers as a mask. Any bit in the Extended Global
Mask Registers set to 0 will ignore the state of the corresponding bit in the
incoming message ID field when performing the test. Any bit in the Extended
Global Mask Registers set to 1 will force the state of the corresponding bit in the
incoming message ID field and CAN message center arbitration Registers 0-3 to
match before considering the incoming message a match.

The three least significant bits in the CnEGM3 are not used, and will not perform
any comparison of these bit locations. A read of these bits will always return 0,
and writes to these bits will be ignored.

Programming all Mask registers to 00h effectively disables the Global ID test for
that message, accepting all messages. As such the Global mask registers act as a
don’t care following a system Reset.
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CAN Message Center 15 Mask Register 0 (CnM15MO0)

MOVX
Address!

xxxx0Ch

7

6 5 4 3 2 1 0

MASK?28

MASK?27 | MASK26 | MASK25 | MASK24 | MASK23 | MASK22 | MASK21

CAN Message Center 15 Mask Register 1 (CnM15M1)

MOVX
Address’

xxxx0Dh

7

6 5 4 3 2 1 0

MASK?20

MASKI19 | MASK18 | MASK17 | MASK16 | MASK15 | MASK14 | MASK13

CAN 0 Message Center 15 Mask Register 2 (CnM15M2)

MOVX
Address!

xxxx0Eh

7

6 5 4 3 2 1 0

MASK12

MASKI11 | MASK10 | MASK9 | MASK8 | MASK7 | MASK6 | MASKS

CAN 0 Message Center 15 Mask Register 3 (CnM15M3)

MOVX
Address’

xxxxO0Fh

7

6 5 4 3 2

MASK4

MASK3 | MASK2 | MASK1 | MASKO 0 0

MASK28-MASK0

CAN Message Center 15 Mask Registers 0-3. These registers function as the
mask when performing the Extended Global Identification test (EX/ST =1) for
Message Center 15 only. These registers can only be modified during a software
initialization (SWINT=1).

When EX/ST =1, the 29 bits of the message ID will be compared against the 29
bits of the CAN Message Center 15 Arbitration Registers, using the 29 bits of the

CAN Message Center 15 Mask Registers as a mask. When EX/ST =0, the 11 bits
of the message ID will be compared against the most significant 11 bits of the
CAN Message Center 15 Arbitration Registers, using the most significant 11 bits
of the CAN Message Center 15 Mask Registers as a mask. Any bit in the CAN
Message Center 15 Mask Registers set to 0 will ignore the state of the
corresponding bit in the incoming message ID field when performing the test.
Any bit in the CAN Message Center 15 Mask Registers set to 1 will force the
state of the corresponding bit in the incoming message ID field and CAN message
center arbitration Registers 0-3 to match before considering the incoming message
a match.

The three least significant bits in the CnM15M3 register are not used, and will not
perform any comparison of these bit locations. A read of these bits will always
return 0, and writes to these bits will be ignored.

Programming all Mask registers to 00h effectively disables the Message Center 15
ID test, accepting all messages. As such the Message Center 15 mask registers act
as a don’t care following a system Reset.
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CAN MESSAGE CENTER MOVX REGISTER DESCRIPTIONS

CAN Message Center y Arbitration Register 0 (CnMyARO)

MOVX
Address’ 7 6 5 4 3 2 1 0
xxxxy2h | ID28 ID27 D26 D25 ID24 D23 D22 ID21

CAN Message Center y Arbitration Register 1 (CnMyAR1)

MOVX
Address! 7 6 5 4 3 2 1 0
xxxxy3h | ID20 ID19 ID18 ID17 ID16 ID15 ID14 ID13

CAN Message Center y Arbitration Register 2 (CnMyAR2)

MOVX
Address’ 7 6 5 4 3 2 1 0
xxxxy4h | IDI12 ID11 ID10 ID9 DS ID7 ID6 ID5

CAN Message Center y Arbitration Register 3 (CnMyAR3)

MOVX
Address! 7 6 5 4 3 2 1 0
xxxxy5Sh ID4 ID3 ID2 ID1 IDO 0 0 WTOE

ID28-1ID0

Bits 2-1
(CnMyAR3 only)
WTOE

Bit 0

(CnMxAR3 only)

CAN Message Center y Arbitration Registers 0—3. These bits form the
arbitration value/identification number for the message center y. When the
message center is configured in a transmit mode, these registers will be the source
of the 29-bit ID message field (when EX/ST =1) or the 11-bit ID message field
(when EX/ST =0). When EX/ST =1, the 29 message ID bits will correspond to
ID28-ID0 as shown above. When EX/ST =0, the message ID bits 10-0 correspond
to ID28-18 in CnMyARO and CnMyARI.

When configured in a receive mode, these registers serve as the arbitration value
for message center y, against which incoming messages are compared to ascertain

if they are valid for that message center. When EX/ST =1, all 29 bits of the

arbitration are used, but when EX/ST =0, only the most significant 11 bits are
used.

Reserved. Bits 2 and 1 of the CnMyAR3 register are not used in arbitration. These
bits can be modified in the application software.

Writeover Enable. This bit controls the ability of a new message to overwrite an
existing message in the corresponding message center in receive mode. The
DTUP and EXTRAQ bits for the message center in question must also be
considered to determine the effect of this bit as shown below. The WTOE bit
should only be programmed when the SWINT bit is set.
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WTOE DTUP EXTRQ Result when new message detected

0 0 0
0 1 X
0 X 1
1 0 X
1 1 X

There is currently no unread message or pending
external frame request in the message center, so the
matching message will be written to appropriate
message center (1-15)

The message center (1-15) has an unread message or
pending external frame request. The incoming matching
message will be ignored and the message center
remains unchanged. The CAN module will proceed to
the next lower priority message center to evaluate the
incoming message ID and arbitration bits and related
masking operations. (No overwrite)

The message center (1-15) has an unread message or
pending external frame request. The incoming matching
message will be ignored and the message center
remains unchanged. The CAN module will proceed to
the next lower priority message center to evaluate the
incoming message ID and arbitration bits and related
masking operations. (No overwrite)

There is currently no unread message or pending
external frame request in the message center, so the
matching message will be written to appropriate
message center (1-15)

The new matching message will be stored, overwriting
the previously stored message. The ROW bit will be set
to indicate the overwrite operation.

Special notes for message center 15

The ROW bit in message center 15 is associated with an overwrite of the shadow
buffer for message center 15. The EXTRQ and DTUP bits are also shadow
buffered to allow the buffered message and the message center 15 value to take on
different relationships. The EXTRQ and DTUP values read by software are the
current message center 15 values, rather than those of the shadow buffer as is the
case with the ROW bit. The shadow buffer is automatically loaded into message
center 15 when both the DTUP bit and EXTRQ bit are cleared. If either DTUP=1
or EXTRQ=1 when clearing the other, any message in the shadow buffer will not
be transferred to the message 15 registers, and any incoming messages for
message 15 will be stored in the shadow buffer if WTOE = 1, or will be lost if

WTOE = 0.

Special notes concerning remote frames

For remote frames, which can be received by transmit message centers (1-14) in
case of a matching identifier, WTOE and EXTRQ are evaluated. If (WTOE = 1)
OR (WTOE = 0 and EXTRQ = 1)), the respective transmit message center (1-14)
arbitration bits can be overwritten.
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CAN Message Center y Format Register (CnMyF)

MOVX
Address!

7 6 5 4 3 2 1 0

XXxxy6h

DTBYC3 | DTBYC2 | DTBYCI | DTBYCO T/R EX/ST MEME MDME

DTBYC3-0
Bits 7-4

T/R
Bit 3

EX/ST
Bit 2

MEME
Bit 1

MDME
Bit 0

Data Byte Count. These bits indicate the number of bytes within the data field of the
message. When performing a transmit, software sets the DTBYC bits to establish the
number of bytes that are to be transmitted. When receiving a message, the DTBYC bits
indicate the (binary) number of bytes of data in the incoming message; i.e., 0000b = 0
data bytes and 1000b = 8 data bytes.

Transmit/Receive Select. This bit is programmed by the application software to indicate

if the message is to be transmitted (T/R = 1) or received (T/R = 0). This bit can only be
modified when MSRDY = 0.

This bit does not exist for Message Center 15 and will always return 0 when read from
Message Center 15.

Extended or Standard Identifier. This bit determines whether the respective message
is to utilize the extended 29-bit Identification format (EX/ST = 1) or the standard 11-bit

Identification format (EX/ST = 0). Message centers programmed for one format will
only receive/send extended messages in that format and will ignore the alternate format.
This bit can only be modified when MSRDY = 0.

Message Identification Mask Enable. The MEME bit enables (MEME = 1) or disables
(MEME = 0) the use of the Message Identification Masking process, associated with the

testing of the Identification field in the incoming message. This bit can only be modified
when MSRDY = 0.

0 = The mask registers are ignored when evaluating the identification bits of the
incoming message, and the identification bits of the incoming message and the
message center arbitration bits must match exactly to allow receipt of the incoming
message. This is equivalent to programming the mask with all zeros. An exact match
is also required before a remote data request is allowed.

1 = The mask registers are enabled, comparing only those bits message identification and
arbitration bits which correspond to a 1 in the mask register. When this bit is set and
the ID of an incoming message matches the masked ID of a message center, the ID
of the incoming message overwrites the message center ID.

Media Identification Mask Enable. The MDME bit enables (MDME = 1) or disables
(MDME = 0) the use of the first two bytes of the data field as a message qualifier. This
bit can only be modified when MSRDY = 0.

0 = The first two bytes of the data field are ignored and not compared.

1 = The first two data bytes are masked by the respective Media Mask ID Register and
then compared with the Media Arbitration Register Zero and One bytes. Only those
bits in the first two data bytes and the arbitration registers corresponding to a 1 in the
mask register are compared. When MDME-=1 the test is also performed before a
remote request of data from a remote node is accepted.
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CAN Message Center y Data Byte 0 (CnMyDO)

MOVX
Address' 7 6 5 4 3 2 1 0
xxxxy7h
CAN Message Center y Data Byte 1 (CnMyD1)
MOVX
Address' 7 6 5 4 3 2 1 0
xxxxy8h
CAN Message Center y Data Byte 2 (CnMyD2)
MOVX
Address' 7 6 5 4 3 2 1 0
xxxxy%h
CAN Message Center y Data Byte 3 (CnMyD3)
MOVX
Address' 7 6 5 4 3 2 1 0
xxxxyAh
CAN Message Center y Data Byte 4 (CnMyD4)
MOVX
Address' 7 6 5 4 3 2 1 0
xxxxyBh
CAN Message Center y Data Byte 5 (CnMyD5)
MOVX
Address' 7 6 5 4 3 2 1 0
xxxxyCh
CAN Message Center y Data Byte 6 (CnMyD6)
MOVX
Address' 7 6 5 4 3 2 1 0
xxxxyDh
CAN Message Center y Data Byte 7 (CnMyD7)
MOVX
Address' 7 6 5 4 3 2 1 0
xxxxyEh
CnMyDO0- CAN Message Center y Data Bytes 0-7. These bytes hold data to be transmitted
CnMyD7 or received data.
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FRAME TYPES

The CAN 2.0B protocol specifies two different message formats, the standard 11-bit (CAN 2.0A) and the
extended 29-bit (CAN 2.0 B), and four different frame types for CAN Bus communications.

The standard format seen below makes use of an 11-bit identifier.

Figure 19-1. CAN 2.0A FORMAT

ACK End of Bus
Arbitration Field Control Field Data Field CRC Field Field Frame INTER Idle
K DK DK DK B G s
S R|I "
O| 11-bit Identifier| T | D 0 DLC 0 to 8 Bytes 15-bit CRC
F R |E
The extended format seen below makes use of a 29-bit identifier.
Figure 19-2. CAN 2.0B FORMAT
Control ACK End of Bus
Arbitration Field Field DataField CRC Field Field Frame INTER [dle
K DK DK DK B G s
S S |1 R| |,
O| 11-bit Identifier|R | D | 18-bit Identifier | T 1o DLC |0 to 8 Bytes|15-bit CRC
F R |E R

The four different frame types for CAN Bus communications are the data frame, the remote frame, the
error frame, and the overload frame.

Data Frame

The Data Frame is formulated to carry data from a transmitter to a receiver. The preceding two figures are
examples of data frames in the standard and extended formats. The Data Frame is composed of seven
fields. These include the Start of Frame, Arbitration Field, Control Field, Data Field, CRC Field,
Acknowledge Field and an End of Frame. A description of these fields follows.

Start of Frame (SOF) (Standard and Extended Format)

The Start of Frame is a dominant bit that signals the start of a Data or Remote Frame. The dominant
forces a hard synchronization, initiating the CAN controller receive mode.

Arbitration Field (Standard and Extended Format)

The Arbitration Field contains the identifier of the message and a dominant Remote Request (RTR) bit.
The identifier is composed of one field in the standard 11-bit format or two fields in the extended 29-bit
format. Two additional bits, the Substitution Remote Request (SRR) bit and the Identifier Extension
(IDE) bit, separate the two fields in the Extended Format.

e Remote Request (RTR) Bit: (Standard and Extended Format)

The Remote Request bit is a dominant bit in Data Frames and a recessive bit in Remote Frames.
e Substitution Remote Request (SRR) bit: (Extended Format)
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The Substitution Remote Request bit is a recessive bit and is substituted for the RTR bit when using
the Extended Format.

e Identifier Extension (IDE) bit: (Extended Format)
The Identifier Extension (IDE) bit is a dominant bit in the Standard Format and a recessive bit in the
Extended Format. The IDE bit is located in the Arbitration Field in the Standard Format and is located
in the Control Field in the Extended Format.

Control Field: (Standard and Extended Format)

The Control Field is made up of six bits in two fields. The first field is made up of two reserved bits,
which are transmitted as dominant bits. The second field contains four bits that make up the Data Length
Code (DLC). The DLC determines the number of data bytes in the Data Field of the Data Frame and is
programmed through the use of the CAN Message Format Registers, located in each of the 15 message
centers.

Figure 19-3. CONTROL FIELD

Arbitration Data Field or
Field Control Field Control Field

IDE/r1 0 DLC3 DLC2 | DLCI1 DLCO

Reserved Bits Data Length Code

Data Field (Standard and Extended Format)

The Data Field is made up of 0 to 8 bytes in a Data Frame and 0 bytes in a Remote Frame. The number of
data bytes associated with a message center is programmed through the use of the CAN Message Format
Registers, located in each of the 15 message centers. The data field contents are saved to the respective
message center if the identifier test is successful, no errors are detected through the last bit of the end of
frame, and an Error Frame does not immediately following the Data or Remote Frame. The data field is
transmitted LSB first, with the MSB of each byte transmitted first.

CRC Field (Standard and Extended Format)

The CRC Field is made up of a 15 bit code which is the computed Cyclic Redundancy Check using the
destuffed bits in the Start of Frame, the Arbitration Field, the Control Filed, and the Data Field (when
present), and a CRC delimiter. The CRC calculation is limited to 127 bit maximum code word (a
shortened BCH Code) with a CRC sequence length of 15 bits.
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Figure 19-4. CRC FIELD

Data Field or
Control Field CRC Field ACK Field

B

CRC Sequence

CRC Delimiter

Acknowledge Field (ACK): (Standard and Extended Format)

The ACK Field is made up of two bits. The transmitting node will send two recessive bits in the ACK
field. The receiving nodes which have received the message and found the CRC Sequence to be correct
will reply by driving the ACK Slot with a dominant bit. The ACK Delimiter is always a recessive bit.

Figure 19-5. Acknowledge Field

CRC Field ACK Field End of Frame
> >
ACK
Slot
ACK DelimiterJ

End of Frame (Standard and Extended Format)

The End of Frame for both the Data and Remote Frame is established by the transmitter by sending seven
recessive bits.

Interframe Spacing (Intermission): (Standard and Extended Format)

Data Frames and Remote Frames are separated from preceding frames by three recessive bits termed the
Intermission. During the Intermission the only allowed signaling to the bus is by an Overload condition.
No node is allowed to start a message transmission of a Data or Remote Frame during this period. If no
node becomes active following the Interframe Space an indeterminate number of recessive bit times will
transpire in the Bus Idle condition until the next transmission of a new Data or Remote Frame by a node.

Figure 19-6. INTERMISSION

Frame Interframe Space Frame

B

Intermisson Bus Idle
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Remote Frame (Standard and Extended Format)

The Remote Frame is transmitted by a CAN controller to request the transmission of the Data Frame with
the same identifier. The Remote Frame is composed of seven fields. These include the Start of Frame,
Arbitration Field, Control Field, Data Field, CRC Field, Acknowledge Field and an End of Frame.

Figure 19-7. REMOTE FRAME

Interframe Interframe Space
Space Remote Frame or Overload Frame
>
S
O Arbitration Field Control Field | CRC Field End of
F Frame
ACK Field W

The Remote Frame is used when a CAN processor wishes to request data from another node. Sending a
Remote Frame initiates a transmission of data from a source node with the same identifier (masked
groups included). The primary bit pattern difference between a Data Frame and a Remote Frame is the
RTR bit, which in the Remote Frame is sent as a recessive bit, and in the Data Frame is sent as a
dominant bit. The Remote Frame also does not contain a data field, independent of the programmed
values in the DTBYC3 - DTBYCO bits in the respective CAN Message Format Register.

Error Frame

The Error Frame is transmitted by a CAN controller when the CAN processor detects a bus error. The
Error Frame is composed of two different fields. These are 1) the superposition of the Error Flags from
different nodes and 2) the Error Delimiter.

Figure 19-8. ERROR FRAME

Interframe Space
Data Frame Error Frame or Overload Frame

> > By

Error Flag A

< >

Superposition of Error Flags from other nodes

Error Delimiter

The Error Frame is composed of six dominant bits, which violate the CAN specification bit stuffing rule.
If either of the CAN processors detect an error condition, that CAN processor will transmit an Error
Frame. When this happens all nodes on the bus will detect the bit stuff error condition and will transmit
their own Error Frame. The superpositioning of all of these Error Frames will lead to a total Error Frame
length between 6 and 12 bits, depending on the response time and number of nodes in the system. Any
messages (Data or Remote Frame) received by the CAN processors (successful or not) which are
followed by an Error Frame will be discarded. After the transmission of an Error Flag each CAN
processor will send an error delimiter (eight recessive bits) and will monitor the bus until it detects the
change from the dominant to recessive bit level. The CAN modules will issue an Error Frame each time
an Error Frame is detected. Following a series of Error Frames the CAN modules will enter into an Error
Passive Mode. In the Error Passive Mode the CAN processors will transmit six recessive bits, and wait
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until six equal bits of the same polarity have been detected. At this point the CAN processor will begin
the next internal receive or transmission operation.

Overload Frame

The Overload Frame provides an extra delay between Data or Remote Frames. The Overload Frame is
composed of two different fields: the Overload Flag and the Overload Delimiter.

Figure 19-9. OVERLOAD FRAME

End of Frame or

Error Delimiter or Interframe Space
Overload Delimiter Overload Frame or Overload Frame
B By

>
Overload Flag A

. -
Superposition of Overload Flags from other nodes Overload Delimiter

Three conditions lead to the transmission of an overload flag:

1. The internal conditions of a CAN receiver require a delay before the next Data or Remote Frame is
sent. The DS80C390 CAN controllers are designed to prevent this condition for data rates at or below
the 1 Mbit per second data rate.

2. The CAN processor detects a dominant bit at the first and second bit position of the Intermission.

3. Ifthe CAN processor detects a dominant bit at the eighth bit of an Error Delimiter or Overload
Delimiter, it will start transmitting an Overload Frame.

The error counters will not be incremented as a result of number 3. The CAN processor will only start an
Overload Frame at the first bit of an expected Intermission if initiated by condition 1. Conditions 2 and 3
will result in the CAN processor transmitting an Overload Frame starting one bit after detecting the
dominant bit. The Overload Flag consists of six dominant bits that correspond to an Error Flag. Because
the Overload Frame is only transmitted at the first bit time of the Interframe Space, it is possible for the
CAN processor to discriminate between an Error Frame and an Overload Frame. The Overload Flag
destroys the Intermission field. When such a condition is detected, the CAN processor will detect the
Overload condition and will begin transmitting an Overload Frame. After the transmission of an Overload
Frame the CAN processors will monitor the bus for a dominant to recessive level change. The CAN
processor will then begin the transmission of six additional recessive bits, for a total of seven recessive
bits on the bus. The Overload Delimiter consists of eight recessive bits.
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INITIALIZING THE CAN CONTROLLERS

Software initialization of each CAN controller begins with the setting of the Software Initialization bit
(SWINT) in the appropriate CAN Control SFR Register. When SWINT=1, the respective CAN module is
disabled and the corresponding CAN transmit output will be placed in a recessive state. This in turn
allows the microcontroller to write information into the CAN MOVX SRAM Control/Status/Mask
registers without the possibility of corrupting data transmissions or receptions in progress. Setting
SWINT will not clear the receive and transmit error counters, but will allow the microcontroller to write a
common value to both error counters by the CAN Transmit Error SFR Register. Consult the description
of the SWINT bit for specifics of the software initialization process.

All CAN registers located in the SFR memory map, with the exception of the CAN 0 and CAN 1 Control
Registers, are cleared to a 00 Hex following a system Reset. The CAN 0 and CAN 1 Control Registers,
are set to 09 Hex following a system Reset. CAN registers located in the MOVX memory map are
indeterminate following a system Reset. A system Reset also clears both the receive and transmit error
counters in the CAN controllers, takes the CAN processors off line, and sets the SWINT bit in the CAN
0/1 Control Register.

Following a reset, the following general registers must be initialized for proper operation of the CAN
modules. These registers are in addition to specific registers associated with mask, format, or specific
message centers.

REGISTER SIGNIFICANCE
P5SCNT (SFR A2h) CO0_I/0O (PSCNT.3) must be set to enable CAN 0 pins P5.1 and P5.0.
C1 I/0 (P5SCNT.4) must be set to enable CAN 1 pins P5.2 and P5.3
COBTO, COBT1 These MOVX SRAM control registers must be set to configure CAN 0
C1BTO, C1BT1 (COBTO, COBT1) or CAN 1 (C1BTO, C1BT1) bus timing. The exact
(MOVX SRAM xxxx04-5) | values are dependent on the network configuration and environment.
COR (SFR CEh) COBPR7-6 (COR.4-3) must be configured as part of the CAN 0 bus timing
C1BPR7-6 (COR.6-5) must be configured as part of the CAN 1 bus timing

CAN INTERRUPTS

Each CAN processor is assigned one individual interrupt and one common CAN Bus Activity Interrupt
which are globally enabled or disabled by the EA bit in the IE SFR register. The CAN 0/1 interrupt is
generated by either a receive/transmit acknowledgment from one of the fifteen message centers or an
error condition which results in a change in the CAN 0/1 Status Register. These interrupts are enabled by
the COIE or C1IE bit (CAN 0 or CAN 1) in the EIE register. The third CAN related interrupt is common
to both CAN systems and is supplied to detect CAN bus activity on either CAN input pin. This interrupt
is termed the CAN Bus Activity Interrupt, operates independent of the CAN processor, and is only
available if one or both of the CAN processors have been connected to the respective Port 5 pins (by
CO0 _I/O and/or C1_I/O in the Port 5 Control SFR).

CAN 0/1 receive/transmit interrupt sources are derived from a successful transmit or receive of data
within one of the fifteen message centers as determined by the INTRQ bit in the associated CAN 0/1
Message (1-15) Control Register. Each message center (1-15) also provides separate receive and transmit
interrupt enables by the ETI and ERI bits in the respective CAN 0/1 Message (1-15) Control Register.
This allows each message center to be programmed to issue an interrupt request as per the application
requirements of the message center. Each source is determined through the use of the CAN 0/1 Interrupt
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SFR Register. Software must clear the respective INTRQ bit in the associated CAN 0/1 Message (1-15)
Control Register to clear the interrupt source before leaving the interrupt routine.

The CAN 0/1 Interrupt source is connected to a change in the CAN 0/1 Status Register. Each of the status
bits in the CAN 0/1 Status Register represents a potential source for the interrupt. To simplify the
application and testing of a device, these sources are broken into two groups which are further enabled by
the ERIE and STIE bits of the CAN 0/1 Control register. This allows the non-standard errors typically
associated with development to be grouped under the STIE enable. These include the successful receive
RXS, successful transmit TXS, wake status WKS, and general set of error conditions reported by ER2 -
ERO. Also note that since the RXS and TXS bit are cleared by software, if a second message is received
or transmitted before the RXS or TXS bits are cleared and after a read of the CAN 0/1 Status Register, a
second interrupt will be generated. The remaining error sources comprise the BSS and CECE bits in the
CAN 0/1 Status Register. These read-only bits are separately enabled by the ERIE bit in the CAN 0/1
Control register. A read of the CAN 0/1 Status Register is required to clear either of the two groups of
Error interrupts. It is possible that multiple changes to the Status Register may occur before the register is
read; in that case the Status Register will generate only one interrupt. The following figure provides a
graphical illustration of the interrupt sources and their respective interrupt enables.

Figure 19-10. CAN INTERRUPT LOGIC
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ARBITRATION/MASKING CONSIDERATIONS

Each CAN processor evaluates CAN bus activity to determine if an incoming message is loaded into one
of the 15 message centers. Acceptance of a message is determined by comparing the message’s ID or data
field against the corresponding arbitration value loaded into each message center and checking if the bits
match. Messages that contain bit errors or which fail arbitration are discarded. The incoming message is
tested in order against each enabled message center (enabled by the MSRDY bit in the CAN Message
Control Register) from 1 to 15. The first message center to successfully pass the test will receive the
incoming message and end the testing, and the message is loaded into the respective message center.

The CAN modules support an optional masking feature that restricts arbitration to those bits that are
masked with a 1 in the respective masking register. By selectively programming the message center
arbitration registers and the related masks, it is possible to allow groups of incoming messages to be
loaded into any single message center. Each pair of mask and arbitration registers has the same number of
bits as the message ID in the incoming message. When masking is enabled, only those arbitration and
identifier bits that correspond to a 1 in the masking register will be compared. Programming a bit in the
mask to a 0 will make the comparison of those arbitration and identifier bits a don’t care, automatically
registering a match between those bits. If all of the bits in the mask are programmed to a 0, any incoming
message arbitration field will match with any message center arbitration value. On the other hand, if a
mask is programmed with all 1°s all of the arbitration and identifier bits must match identically before the
incoming message will be loaded into the message center.

The DS80C390 supports two types of arbitration: basic and media. Basic arbitration compares either 29-
bits (EX/ST =1) or 11-bits (EX/ST =0) of the message ID against the corresponding bits in the 4 CAN
Arbitration registers (CnMxARO0-3). Each message center can be individually configured for 29- or 11-bit
operation. If the Message Identification Mask Enable bit (MEME) is set, the CAN module will utilize the
Standard Global Mask registers (CnSGMO-1) when EX/ST =0 or the Extended Global Mask registers

(CnEGMO-3) when EX/ST =1. In either case, only those bits in the message ID and arbitration registers
which correspond with a 1 in the mask register will be compared. Bits corresponding with 0 in the mask
register will be ignored, creating a don’t care condition. Filling the mask register with all Os while
MEME=1 will cause the arbitration circuitry to automatically match all message IDs. When MEME=0,
all ID bits in the incoming message are compared directly (bit for bit) with the respective arbitration bits
of the message center.

Media arbitration is an optional second arbitration performed when the Media Identification Mask Enable
bit (MDME) is set. Media arbitration compares the first and second byte of the data field in each message
against two 8-bit Media Arbitration bytes (stored at locations CnMAO, CnMALl). If the incoming
arbitration field matches a specific message arbitration value and the first two data bytes match the two 8-
bit Media Arbitration bytes (and no bit errors are detected) the message is loaded into the respective
message center. Unlike the Identification Mask Enable (MEME), however, when MDME=0 no testing
will be performed of the first two bytes of the incoming data field.

MESSAGE CENTER 15

Message center 15 supports an additional set of masks to supplement basic arbitration. While this
message center performs basic and media arbitration as per message centers 1-14, it also uses the
Cnl15M3-0 mask registers to perform an additional level of filtering during basic (i.e., not media)
arbitration. When determining arbitration for message center 15, the contents of Cn15M3-0 are logically

AND’ed with either CnEGM3-0 (if EX/ST =1 for message center 15) or CnSGM1-0 (if EX/ST =0 for
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message center 15). This AND’ed value is then used in place of CnEGM3-0 or CnSGMI1-0 when
performing basic arbitration as described previous. If the MDME bit is set then the incoming message
must pass the media arbitration test as well.

Message center 15 has a buffered FIFO arrangement to allow up to two received messages to be received
without being lost prior to the microcontroller reading of the first message. The first message received by
message center 15 is stored in the normal MOVX memory location for Message Center 15, if the previous
message has been already read by the microcontroller. If the first message has not been read, then the
incoming message is buffered internally until the first message is read, at which time the second message
is automatically loaded into the first (MOVX) message 15 slot, allowing software to then read the second
message. The CAN module determines if the first message has been read is by software clearing the
DTUP bit and the EXTRQ bit. If a third message comes in before the second message has been copied
into the MOVX message 15 slot, then the third message will write over the second buffered message.
Software should clear the INTRQ bit as well as the DTUP and EXTRQ bit after reading each message in
the MOVX message 15 center. The WTOE bit associated with message center 15 has unique operating
considerations, described later in the section regarding the function of the WTOE bit.

TRANSMITTING AND RECEIVING MESSAGES

All CAN data is sent and received through message centers. All CAN message centers for both CAN
modules are identical with the exception of message center 15. Message center 15 has been designed as a
receive only center and is also shadow-buffered to help prevent the loss of incoming messages, when the
software is not able to read the first message before the next message is loaded. All message centers, with
the exception of message center 15, are capable of four different operations. These are:

Transmitting a data message
Receiving a data message
Transmitting a remote frame request
Receiving a remote frame request

b

Transmitting Data Messages

Starting with the lowest numbered message center (highest priority) each CAN module sequentially scans
each message center until it finds a message center that is proper enabled for transmission (T/R =1, TIH
=0, DTUP = I, MSRDY = 1, and MTRQ = 1). The contents of the respective message center is then
transferred to the transmit buffer and the CAN module attempts to transmit the message. If successful the
appropriate MTRQ bit will be cleared to 0, indicating that the message was successfully sent. Following a
successful transmission, loss of arbitration, or an error condition, the CAN module will again search for a
properly configured message center, starting with the lowest numbered message center. This search
relationship will always allow the highest priority message center to be transmitted, independent of the
last successful (MTRQ = 0) or unsuccessful (MTRQ = 1) message transmission.

Receiving Data Messages

Each incoming data message is compared sequentially with each receive enabled (T/R = 0) message
center starting with the lowest numbered message center (highest priority) and proceeding to the highest
numbered message center. This testing continues until a match is found (incorporating masking functions
as required), at which time the incoming message is stored in the respective message center. Higher
numbered message centers that are not reviewed prior to the match will not be evaluated during the
current message test. When the WTOE=1, the CAN module can overwrite receive message centers that
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have DTUP = 1, which will in turn set ROW = 1. When WTOE = 0, incoming messages will not
overwrite receive message centers that have DTUP = 1.

Message center 15 is a special receive-only, FIFO-buffered message center, designed to receive messages
not accepted by the other message centers. The ROW bit in message center 15 is associated with the
overwrite of the shadow buffer for message center 15. The EXTRQ and DTUP bits are shadow buffered
to allow the buffered message and the message center 15 value to take on different relationships. The
EXTRQ and DTUP values read by the microcontroller are not those of the shadow buffer as is the case
with the ROW bit, but are the current values associated with message center 15. The shadow buffer is
automatically loaded into message center 15 when both the DTUP bit and the EXTRQ bit are cleared. If
either DTUP or EXTRQ are left set when clearing the other, any message in the shadow buffer will not be
transferred to the message 15 registers, and any incoming messages for message 15 will be stored in the
shadow buffer (if WTOE = 1), or will be lost if (WTOE = 0).

Transmitting Remote Frame Requests
Starting with the lowest numbered message center (highest priority) each CAN module sequentially scans

each message center. When it finds a message center properly enabled to transmit a remote frame (T/R =
0, MSRDY = 1, and MTRQ = 1), the contents of the respective message center is then transferred to the
transmit buffer and the CAN module attempts to transmit the message. If successful the appropriate
MTRAQ bit will be cleared to 0, indicating that the message was successfully sent. Following a successful
transmission, loss of arbitration, or an error condition, the CAN module will again search for a properly
configured message center, starting with the lowest numbered message center. This search relationship
will always allow the highest priority message center to be transmitted, independent of the last successful
(MTRQ = 0) or unsuccessful (MTRQ = 1) message transmission. The state of the TIH bit does not effect
the transmission of a remote frame request.

If the microcontroller wishes to request data from another node, it first clears the respective MSRDY bit
to 0 and then writes the identifier and control bits in this message center, configures the message center as

a receive message center (T/R = 0) and then sets the MTRQ bit. After a successful transmission, the
CAN module will clear MTRQ = 0 and set TXS = 1. In addition to the TXS bit, if the ETI bit is set, the
successful transmission will also set the corresponding INTRQ bit. Requesting data from another node is
possible in message centers 1 to 14. As seen above, the CAN module sends a remote frame request and
receives the data frame in any other mailbox for which the answering incoming data frame passes the
acceptance filtering of identifier and first two data bytes.

Remote frame requests are not supported during autobaud mode.

Receiving/Responding to Remote Frame Requests

The remote frame request is handled like a data frame with data length zero and the EXTRQ and RXS
bits are set. Each incoming Remote Frame Request (RFR) message is compared sequentially with each
enabled (MSRDY = 1) message center starting with the lowest numbered message center (highest
priority) and proceeding to the highest numbered message center. Testing continues until a match is found
(incorporating masking functions as required), at which time the incoming RFR message is stored in the
respective message center, the DTBYC bits are updated to indicate the requested number of return bytes
(DTBYC=0 for a remote frame request), and EXTRQ and MTRQ are both set to 1. When the message is
successfully received and stored, an interrupt of the corresponding message center will be asserted if
enabled by the ERI bit. The EXTRQ bit can be left set if the message center is reconfigured to perform a

transmit (T/R = 1) and used in the standard reply of a remote frame operating with transmit message
centers. EXTRQ can also be cleared by software if the current message center is not being used to reply
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to the remote frame request. Higher numbered message centers (lower priority) that are not reviewed
prior to the match will not be evaluated during the current message test. Depending on the state of the
transmit/receive bit for that message center, the CAN module will perform one of two responses.

Message centers enabled for transmission (T/R= 1) will set the EXTRQ and MTRQ bits in the
corresponding message center when a remote frame request is successfully received, to mark the message
as a ‘to be sent’ message. The CAN module will attempt to automatically transmit the requested if the
message center is fully enabled to do so (MSRDY = 1, TIH = 0, DTUP = 1). After the transmission, the
TXS bit in the status register is set, the EXTRQ and MTRQ bits are reset to a 0 and a message center
interrupt of the corresponding message center is asserted if enabled by the respective ETI bit. If the
transmit inhibit bit is set (TIH = 1), the message center will receive the RFR, modifying the DTBYC
and/or arbitration bits if necessary, but the return data will not be transmitted until TIH = 0.

If software wants to modify the data in a message center configured for transmission of an answer to a
remote request (EXTRQ set to a 1), the microcontroller must set the TIH = 1 and DTUP = 0. The
microcontroller may then access the data byte registers 0 -7, data byte count (DTBYC3-0), the extended
or standard mode bit (EX/ST ), and the mask enables (MEME and MDME) of the message center to load
the required settings. Following the set up, the software should reset TIH to a 0 and sets DTUP to a 1 bit
to signal the CAN that the access is finished. Until the DTUP = 1 and TIH = 0, the transmission of this
mailbox is not permitted. Thus, the CAN will transmit the newest data and reset EXTRQ = 0 after the
transmission is complete. The message center must first be disabled to change the identifier or the

direction control (T/R).

Message centers enabled for reception (T/R = 0) will not automatically transmit the requested data. The
Remote Frame Request will, however, continue to store the requested number of return bytes in DTBYC
and set EXTRQ = 1. No data bytes are received or stored from a remote frame request. The message
center can then be configured by software to either function as transmitter (T/R = 1) and transmit the
requested data, or the microcontroller can configure another message center in a transmit mode (T/R = 1)
to send the requested data. Note that the MTRQ bit is not set by the loading of a matching remote frame

request, when T/R = 0. RXS must be previously cleared by software or a system reset.

When a remote frame is received the CAN module can be configure to either automatically transmit data
back to the remote node or to allow the microcontroller to intervene and establish the conditions of the
transmitting of the return message. The following examples outline various options to respond to remote
frame requests.
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Case 1: Automatic Reply

CAN Controller receives a remote frame Request (RFR) and automatically transmits data without
additional software intervention.

1.

e

© % N oW

Software sets T/R =1, MSRDY =0, DTUP = 0, and TIH = .
Software loads data into respective message center.
Set WTOE.

Software sets MSRDY = 1, DTUP = 1 and TIH = 0 in same instruction.
Note: Software does not change MTRQ = 0 from previous completed transmission

CAN does not transmit data (MTRQ = 0), but waits for RFR.
CAN successfully receives RFR.

CAN forces MTRQ =1 and EXTRQ =1

CAN loads DTBYC from RFR and ID into arbitration registers.
CAN automatically transmits data in respective message center.

10 CAN clears EXTRQ =0 and MTRQ = 0.

Case 2: Software-lnitiated Reply (Using TIH as Gating Control)

CAN module wishes to receive an RFR and wait for software to determine when and what will be
transmitted in reference to RFR.

1.
2.
3.

o

Software sets T/R =1, MSRDY = 0, DTUP = 0, and TIH = 1.
Software then loads data into respective message center.

Software sets MSRDY = 1, DTUP =1 and TIH = 1 in same instruction.
Note: Software does not change MTRQ = 0 from previous completed transmission

CAN does not transmit data (MTRQ = 0), but waits for RFR.

CAN successfully receives RFR.

CAN forces MTRQ =1 and EXTRQ = 1.

CAN loads DTBYC from RFR and ID into arbitration registers.

CAN waits for software to read message center and determine the fact that EXTRQ = 1.
Software may load data into message center (or it may already have the data established).

10 Software writes MSRDY = 1, DTUP = 1 and TIH = 0 in same instruction.

11

. CAN will automatically transmit data (as per RFR DTBYC) in respective message center.

12. CAN clears EXTRQ =0 and MTRQ = 0.

Case 3: Software-Initiated Reply (Reply by same message center, using TIH as Gating Control)

CAN module wishes to receive an RFR in a receive-configured (T/R = 0) message center. When the data
is received, the message center will be reconfigured send data back to the remote request node. This
relationship is not possible for message center 15.

1.

A

Software sets T/R =0, MSRDY = 1, and DTUP = 0 and awaits either data frame or RFR.
Note: Software does not change MTRQ = 0 from previous completed transmission

CAN successfully receives RFR.

CAN forces EXTRQ =1 and DTUP = 1.

MTRQ can not be written to a 1 by the CAN when T/R = 0 and is left as MTRQ = 0
CAN loads DTBYC from RFR and ID into arbitration registers.
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CAN waits for Software to read message center and determine the fact that EXTRQ = 1.
Software disables message center and converts message center into transmit message center.
Software clears MSRDY = 0 to disable message center. Software leaves EXTRQ = 1.
Software then forces message center to transmit mode, T/R = 1.

. Software writes MSRDY = 0, DTUP = 0 and TIH = 1 in preparation to load data.

. Software loads data into message center.

. Software writes MSRDY = 1, MTRQ = 1, DTUP = 1 and TIH = 0 in same instruction.

. Note that Software leaves EXTRQ = 1.

. CAN will automatically transmit data (as per RFR DTBYC) in respective message center.
. CAN clears EXTRQ = 0 and MTRQ =0.

Case 4: Software-Initiated Reply (Reply by same different center, using TIH as Gating Control)
CAN Controller wishes to receive an RFR in a message center (denoted MC1) configured also be able to

receive data (T/R = 0) and to wait for software to select another message center (denoted MC2) to send
data back to remote request node.

1.

14.
15.
16.

Software sets T/R =0, MSRDY = 1, and DTUP = 0 in MC1 and awaits either data frame or RFR.
Note: Software does not change MTRQ = 0 in MC1 from previous completed transmission.

CAN successfully receives RFR in MC1.

CAN forces EXTRQ =1 and DTUP =1 in MCI.

MTRQ can not be written to a 1 by the CAN when T/R = 0 and is left as MTRQ = 0
CAN loads DTBYC from RFR and ID into arbitration registers in MC1.

CAN waits for Software to read message center and determine the fact that EXTRQ = 1.
Software disables in MC1 to transfer information to MC2.

Software clears MSRDY = 0 to disable MC1. Software leaves EXTRQ = 1.

Software clears MSRDY =0 in a MC2.

Software forces MC2 to transmit mode T/R = 1.

. Software loads ID and DTBYC value from MC1 into ID and DTBYC value for MC2.

. Software writes MSRDY = 0, DTUP = 0 and TIH = 1 in MC2 in preparation to load data to MC2.
. Software loads data into MC2.

. Software writes MSRDY = 1, MTRQ =1 EXTRQ =0, DTUP = 1 and TIH = 0 in MC2 in same

instruction.
Note that CAN has not set EXTRQ in MC2, and is not required to be set for transmission of data
from MC2.

CAN will automatically transmit data (as per RFR DTBYC) in MC2.
CAN clears MTRQ =0 (leaving previous EXTRQ = 0 cleared).

Software sets T/R =0, MSRDY = 1, EXTRQ =0, and DTUP = 0 in MC1 and awaits either next
RFR or data frame.
Note that MTRQ is still cleared in MC1 since MC1 has not been set to a transmit mode.
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REMOTE FRAME HANDLING IN RELATION TO THE DTBYC BITS

The DTBYC bits function slightly differently when Remote Frames are used. In that case, the data length
code will be overwritten by the data length code field of the incoming remote request frame. These
requested data bytes will be sent in the data frame which answers the remote request. The following
example demonstrates how the DTBYC bits are modified by a received remote frame request.

1. Assume the microcontroller has programmed the following into a message center:
DTBYC =5, data field = 75 AF 43 2E 12 78 90 00
(Note that only the first through the fifth data bytes will be recognized because DTBYC=5)

2. When the CAN module successfully receives a remote frame with the following data:
Identifier = ID, DTBYC =2, RTR = 1.

3. The incoming message will overwrite the identifier and the data length code. The new data in the
message center will be:
DTBYC =2, data field = 75 AF 43 2E 12 78 90 00
(Note that only the first and second data bytes are recognized because DTBYC is now 2)

4. The outgoing response will be a data frame containing the following information:
DTBYC =2, data field = 75 AF

Important Information Concerning ID Changes when Awaiting Data from a Previous Remote
Frame Request:

The use of acceptance filtering (MEME=1) in conjunction with remote frame requests can result in a
modification of the message center arbitration registers. When a message center is configured to transmit

a remote frame request (MTRQ = 1, EXTRQ =0, T/R =0 and MSRDY = 1) it is possible for a second
Frame Request from an external node to modify the initial Arbitration Register value of the current
message center prior to the current message center receiving the requested data if arbitration masks are
used. When a remote frame request is received, the message ID is loaded into that message center’s
arbitration registers. When message identification masking is not used (MEME=0), the message ID will
always match the arbitration value, so the process will be transparent. If masking is used, however, the
message ID ANDed with the appropriate mask will be loaded into that message center’s arbitration
registers, resulting in a change of the arbitration values for that message center. To prevent this situation,
acceptance filtering should be disabled (MEME = 0) for any message center configured for remote frame
handling. An alternate solution would be to disable the overwrite feature for that message center, which
also prevents incoming messages from altering the message center ID.

OVERWRITE ENABLE/DISABLE FEATURE

The Write Over Enable bit (WTOE) located in each message center (CnMxAR?3.0) enables or disables the
overwriting of unread messages in message centers 1 through 15. Programming WTOE = 1 following a
system reset or CRST bit-enabled reset allows newly received messages which pass arbitration to
overwrite unread (i.e., message centers with DTUP=1) messages. When an overwrite occurs the Receive
Overwrite (ROW) bit in the respective CAN Message Control Register will be set. When WTOE = 0,
message centers which have data waiting to be read (indicated by DTUP = 1) or transmitted (EXTRQ=1)
will not be overwritten by incoming data.

Special care must be taken when reading data from a message center with the overwrite feature enabled
(WTOE = 1). The caution is needed because the WTOE bit, when set, allows an incoming message to
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overwrite the message center. If this overwrite occurs at the same time that software is attempting to read
several bytes from the message center (such as a multi-byte data field), it is possible that the read could
return a mix of information from the old and overwriting messages.

If the message center being set up with WTOE = 1 was previously a transmit message center, ensure that

the TIH bit is cleared to 0 (TIH can only be written while T/R is set to 1). If TIH is set to 1 and that
message center is changed to receive with WTOE = 1, the ROW bit will always read back as a 1, even
though a receive overwite condition may not have occurred.

To avoid this situation, software should clear the DTUP bit to 0 prior to reading the message center, and
then verify afterwards that the DTUP bit remained at 0. If DTUP remains cleared after the read, no
overwrite occurred and the returned data was correct. If DTUP = 1 after the read then software again
should clear DTUP = 0 and re-read the message center, since a possible overwrite has occurred. The
original message will be lost (as planned since WTOE=1), but new message should be available on the
next read.

One important use of the WTOE bit is to allow the microprocessor to program multiple message centers
with the same ID when operating in the receive mode, with WTOE=0. This allows the CAN module to
store multiple incoming messages in a series of message centers, creating a large storage area for high-
speed recovery of large amounts of data. The CPU is required to manage the use of these message centers
to keep track of the incoming data, but the use of multiple message centers and disabling of their
overwrite (WTOE=0) function prevents the module from potentially losing data during a high-speed data
transfer. In transmit mode, the WTOE bit prevents a message center ID from being overwritten by an
incoming remote frame.

The following examples demonstrate the use of the WTOE and other bits when using multiple message
centers with the same arbitration value. Case 2 illustrates the approach described above for configuring
multiple message centers to capture a large amount of data at a relatively high rate.

Case 1: WTOE=1 (Overwrites allowed)

1. Software configures message center 1 & 2 with the same arbitration value (abbreviated AV).

2. Software configures message center 1 & 2 to receive (T/R = 0) and to allow message overwrite
WTOE=1.

The first message received that matches AV will be stored into message center 1, DTUP = 1.
The second message that matches AV will be stored into message center 1, DTUP = ROW = 1.
The third message that matches AV will be stored into message center 1.

etc.

SNk Ww

Note that in this example message center 2 will never receive a message, and that if software does not
read message center 1 before the second message is received, the first message will be lost.

Case 2: WTOE=0 (Overwrites disabled)

1. Software configures message center 1 & 2 with the same arbitration value (abbreviated AV).

2. Software configures message center 1 & 2 to receive (T/R = 0) and to disable message overwrite
WTOE = 0.

The first message received that matches AV will be stored in message center 1, DTUP = 1.

The second message received that matches AV will be stored in message center 2, DTUP = 1
Software reads message center 1 and then programs message center 1 DTUP = 0.

The third message received that matches AV will be stored into message center 1, DTUP = 1.

SN kW
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7. Software reads message center 2 and then programs message center 2 DTUP = 0.
8. The fourth message received that matches AV will be stored into message center 2, DTUP = 1, etc.

Note that in this example message center 1 or 2 will never be overwritten. The user must insure that the
proper number of message centers be allocated to the same arbitration value when using this arrangement.
If software fails to read the allocated message group, an incoming message may be lost without software
realizing it (ROW is never set when WTOE = 0). To put a message center back into operation software
must force DTUP = 0 and EXTRQ = 0. This indicates that software has read the message center.

Special Considerations for Message Center 15

Message center 15 incorporates a shadow message center used to buffer incoming messages, in addition
to the standard message center registers. When the message center is empty (DTUP=EXTRQ=0),
incoming messages are loaded directly into the message center registers. When the message center has
unread data (DTUP =1) or a pending remote frame request (EXTRQ = 1), incoming messages are loaded
into the shadow message center. Unread contents of the shadow message center are automatically loaded
into the message center when it becomes empty (DTUP=0). An overwrite condition is possible when both
the message center 15 and shadow message centers are full.

The response of message center 15 to the overwrite condition is dependent on the Writeover Enable
(WTOE) bit. When overwrite is enabled (WTOE = 1) and there is unread data (DTUP =1) or a pending
remote frame request (EXTRQ = 1), successfully received messages are stored in the shadow message
center, overwriting existing data. If the shadow message center contained previously unread data at the
time of the overwrite, the message center 15 ROW bit will be set. If the shadow message center was
empty at the time of the overwrite, then the incoming message will overwrite the previous message in the
shadow buffer and ROW will not be set to a 1. Note that the message center 15 ROW bit reflects only an
overwrite of the shadow message center, not the message center registers as with message centers 1-14.

When WTOE = 0 and there is unread data (DTUP =1) or a pending remote frame request (EXTRQ = 1)
in message center 15 and there is already a message stored in the shadow buffer, incoming messages will
not be stored in either the message center or shadow buffers.

USING THE AUTOBAUD FEATURE

It is sometimes necessary to connect a CAN node to a network with an unknown baud rate. The autobaud
feature of the DS80C390 provides a simple way for the CAN module to determine the baud rate of the
network and reconfigure the DS80C390 to operate at that baud rate. Special hardware inside the CAN
module allows it to interface to a fully functional CAN bus and perform the autobaud feature without
disturbing other CAN nodes.

The theory behind the CAN autobaud feature is relatively simple. If a CAN module operating at a
particular baud rate listens in on a CAN bus operating at a different baud rate, it will see a random bit
stream. Because the bit stream does not conform to the CAN 2.0B protocol, a large number of bus errors
(bit O error, bit 1 error, bit stuff error, etc.) will be seen by the "listening" CAN. These errors will
increment the appropriate CAN error counter registers. With only a moderate amount of CAN traffic,
enough errors will quickly accumulate to set the CAN Error Count Exceeded (CECE) bit in the
DS80C390 CAN module. This can be used as an indicator that the DS80C390 is not operating at the same
baud rate as the CAN. The DS80C390 would then adjust its baud rate and repeat the process.
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If, after a period of time, only a small number of errors have accumulated (most likely due to normal
transmission noise), then the DS80C390 is operating at the correct baud rate. The autobaud process is
further simplified by the fact that most networks only operate at a small number of values. For example,
DeviceNet operates at 125kbps, 250kbps, and 500kbps, so a device attempting to autobaud to a
DeviceNet network would only have to test three baud rates.

The autobaud feature for a CAN module is enabled by setting the appropriate Autobaud bit (COC.2 or
CI1C.2). Setting this bit activates a special loopback circuit within the CAN module that logically ANDs
incoming network data received on the Rx pin with the Tx pin of the CAN module. While the autobaud
bit is set, the CAN module will disable its transmit output and place it in the recessive (high) state, so that
error frames generated by the autobauding CAN module do not disturb other devices on the network
during the procedure.

The following user-defined software procedure can be used in conjunction with the autobaud feature to
determine the baud rate of the network.

1) Set CRST=I to disable bus activity. Setting this bit also sets the SWINT bit, enabling access to
Control/Status registers, and also clears the CxRE and CxTE registers,

2) Configure bus timing registers to set desired baud rate,

3) Set autobaud bit =1,

4) Set SWINT=0 to enable CAN module and begin listening for errors,

5) Delay approximately 500 ms (allow enough time for >128 errors to occur),

6) If CAN Error Count Exceeded (CECE) bit is set, baud rate is incorrect. Select a new baud rate and
repeat procedure. If CECE bit is not set, the DS80C390 CAN module is set to the correct baud rate.

BUS OFF/BUS OFF RECOVERY AND ERROR COUNTER OPERATION

Each CAN module contains two SFRs that allow software to monitor and modify (under controlled
conditions) the error counts associated with the transmit and receive error counters in each CAN module.
These registers can be read at any time. Writing the CAN Transmit Error Counter registers updates both
the Transmit Error Counter registers and the Receive Error Counter registers with the same value. Details
are given in the SFR description of these registers. These counters are incremented or decremented
according to CAN specification version 2.0B, summarized in the rules below. The error counters are
initialized by a CRST = 1 or a system reset to 00h. The error counters remain unchanged when the CAN
module enters and exits from a low power mode by the PDE bit.

Changes to the error counters are performed according to the following rules. This level of detail is not

necessary for the average CAN user, and full information is provided in the CAN 2.0B specification.
More than one rule may apply to a given message.

150 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

CONDITION EFFECT ON ERROR COUNTERS

Error detected by receiver, unless the detected error Receive Error Counter incremented by 1.
was a bit error during the sending of an active error
flag or an overload flag.

Receiver detects a dominant bit as the first bit after Receive Error Counter incremented by 8.
sending an error flag.

Transmitter sends an error flag. Transmit Error Counter incremented by 8.

Note, however, that the transmit error count will not
change if:

1) The transmitter is error passive and detects an
acknowledgement error because of not detecting a
dominant acknowledge and does not detect a
dominant bit while sending its passive error flag.

2) Or, if the transmitter sends an error flag because a
stuff error occurred during arbitration, and has
been sent as recessive but monitored as dominant.

Transmitter detects a bit error while sending an active | Transmit Error Counter incremented by 8.
error flag or an overload flag.

Receiver detects a bit error while sending an active Receive Error Counter incremented by 8.
error flag or an overload flag.

Node detects the 14th consecutive dominant bit (in Transmit Error Counter incremented by 8.
case of an active error flag or an overload flag), or Receive Error Counter incremented by 8.

detects the 8th consecutive dominant bit following a
passive error flag, or after a sequence of additional
eight consecutive dominant bits.

Message is successfully transmitted (acknowledge Transmit Error Count is decremented by 1
received and no error until end of frame is complete) (unless it was already 0).

A message has been successfully received (reception | Receive Error Counter decremented by 1.
without error up to the acknowledge slot and the
successful sending of the acknowledge bit), and the
receive error count was between 1 and 127.

A message has been successfully received (reception | Receive Error Counter is set to a value
without error up to the acknowledge slot and the between 119 and 127.

successful sending of the acknowledge bit), and the
receive error count was greater than 127.

A node is error passive when the transmit error count equals or exceeds 128, or when the receive error
count equals or exceeds 128. An error condition letting a node become error passive causes the node to
send an active error flag. An error passive node becomes error active again when both the transmit error
count and the receive error count are less than or equal to 127.
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A node is bus off when the transmit error count is greater than or equal to 256. A bus off node will
become error active (no longer bus off) with its error counters both set to 0 after 128 occurrence of 11
consecutive recessive bits have been monitored on the bus.

After exceeding the error passive limit (128), the receive error counter will not be increased any further.
When a message was received correctly, the counter is set again to a value between 119 and 127
(compare with CAN 2.0B specification). After reaching the “bus off™ status, the transmit error counter is
undefined while the receive error counter is cleared and changes its function. The receive error counter
will be incremented after every 11 consecutive recessive bits on the bus. These 11 bits correspond to the
gap between two messages on the bus. If the receive error counter reaches the count 128, following the
bus off recovery sequence, the CAN module changes automatically back to the status of “bus on” and
then sets SWINT = 1. After setting SWINT, all internal flags of the CAN module are reset and the error
counters are cleared. A recovery from a bus off condition does not alter any of the previously
programmed MOVX memory values and will also not alter SFR registers, apart from the transmit and
receive error SFR registers and the error conditions displayed in CAN Status Register. The bus timing
will remain as previously programmed.

BIT TIMING

Bit timing in the CAN 2.0B specification is based on a unit called the nominal bit time. The nominal bit
time is further subdivided into four specific time periods.

1. The SYNC_SEG time segment is where an edge is expected when synchronizing to the CAN Bus.
2. The PROP_SEG time segment is provided to compensate for the physical times associated with
the CAN Bus network

3 & 4. The PHASE SEGI1 and PHASE SEG2 time segments compensate for edge phase errors. The
PHASE SEGI and PHASE SEG?2 time segments can be lengthened or shorted through the use of
the SJW1 and SJWO bits in the CAN 0/1 Bus Timing Register Zero.

The CAN bus is data is evaluated at the sample point. A time quantum (tqu) is a unit of time derived from
the division of the microprocessor crystal oscillator by both the Baud Rate Prescaler (programmed by the
BPR7-BPRO bits in the COR and CAN 0/1 Bus Timing register) and the System Clock Divider
(programmed by the SCD2 - SCDO bits in the Clock Output Register). Combining the PROP_SEG and
PHASE SEGI time segments into one time period termed trsgg; and equating the SYNC SEG time
segment to tsync seg and PHASE SEG2 to trsggy, provides the basis for the time segments outlined
below and in the CAN Bus Timing SFR Register descriptions. These are shown in the following figure.
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Figure 19-11. BIT TIMING

Nominal Bit Time
SYNC_SEG PROP_SEG PHASE_SEG1 PHASE_SEG2
\ \ \
SAMPLE
POINT
- 1 Bit Time =
g tTSEGZ —
tsyncsec @ trsear B
1t
1 tQU Time%uuanta
Time Quanta
- 2 tou — 16 tou @ 2tqu—8tgu B
TRANSMIT SAMPLE
POINT

The CAN 0/1 Bus Timing Register Zero (COBT0/C1BTO) contains the control bits for the PHASE_SEG1
and PHASE_SEG?2 time segments as well as the Baud Rate Prescaler (BPR5-0) bits. CAN 0/1 Bus
Timing Register One (COBT1/C1BT1) controls the sampling rate, the Time Segment Two bits that
control the number of clock cycles assigned to the Phase Segment 2 portion, and the Time segment One
bits that determine the number of clock cycles assigned to the Phase Segment 1 portion. The value of both
of the Bus Timing registers are automatically loaded into the CAN module following each software
change of the SWINT bit from a 1 to a 0 by the microcontroller. The bit timing parameters must be
configured before starting operation of the CAN module. These registers can only be modified during a
software initialization (SWINT = 1), when the CAN module is not in a bus-off mode, and after the
removal of a system reset or a CAN reset. To avoid unpredictable behavior of the CAN module the Bus
Timing Registers should never be written with all zeros. To prevent this the SWINT is forced to 0 when
TSEG1 = TSEG2 = 00h.
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The timing of the various time segments is determined by the following formulae. Most users will never
need to perform these calculations, as other devices already attached to the network will dictate the bus
timing parameters.

_BRPV-CCD

tQu
fosc

(only integer values are permitted),

where BPRV is the CAN baud rate prescaler value found in the description of the COBTO/C1BTO
registers, Fosc is the crystal or external oscillator frequency of the microprocessor, and TS1 LEN and
TS2 LEN are listed in the description of the TSEG26-24 and TSEG13-10 bits in the CAN Bus Timing
Register 1. SJW is listed in the description of the SJW1-0 bits in the CAN Bus Timing Register 0. The
CCD is the CAN clock divide value, calculated from the following table.

CD1 CDO0 4X/2X CCDh
0 0 1 0.5
0 0 0 1
1 0 X
1 1 X 512

The following restrictions apply to the above equations:

tTsEG1 = tTSEG2
tTsEG2 2 tsyw

tsyw < t1seGi
2<TS1 LEN<16

2<TS2 LEN<38
(TS1_LEN + TS2_LEN +1) <25

The nominal bit time applies when a synchronization edge falls within the tsync sec period. The
maximum bit time occurs when the synchronization edge falls outside of the tsync seg period, and the
synchronization jump width time is added to perform the resynchronization.

nominal bit time = tsync sec T trsegi + trsec2

_ (BRPV)(CCD)[1 + (TSI _LEN)+(TS2_LEN)]

Fosc

154 of 158



High-Speed Microcontroller User's Guide: DS80C390 Supplement

maximum bit time= tsync sec t trsect * trsece + tsiw

_ (BRPV)(CCD)[1+(TSI_LEN) +(TS2_LEN)+(SIW)]

Fosc

_ Fosc
CAN baud rate (BRPV)(CCD)[1+(TSI_LEN)+(TS2_LEN)]

Threefold Bit Sampling:

The DS80C390 supports the ability perform one or three samplings of each bit, based on the SMP bit
(CxBT1.7). The single sample mode (SMP=0) is available in all settings and takes one sample during
each bit time. The triple sampling mode (SMP=1) samples each bit three times for increased noise
immunity. This mode can only be used when the baud rate prescale value (BPRV) is greater than 3.

Bus Rate Timing Example:

The following table shows a few example bit timing settings for common oscillator frequency and baud
rate selections. Because of the large number of variables, there are many combinations not shown that can
achieve a desired baud rate. There are a number of approaches to determining all the bit timing factors,
but this utilizes the most common, i.e., the oscillator frequency and baud rate have already been
determined by system constraints.

Additional Bit Timing Examples:

Fosc Baud rate | BRPV | CCD tou tou per bit | TS1_LEN | TS2_LEN | SJW SMP=1 Permitted?
40 MHz 1 Mbps 2 2 100 ns 10 4 3 NO
500 kbps 4 2 200 ns 10 5 4 3 YES
250 kbps 5 2 250 ns 16 10 5 4 YES
125 kbps 10 2 500 ns 16 10 5 4 YES
16 MHz 1 Mbps 1 2 125 ns 8 4 3 4 NO
500 kbps 1 2 125 ns 16 10 5 4 NO
250 kbps 2 2 250 ns 16 10 5 4 NO
125 kbps 4 2 500 ns 16 10 5 4 YES
8 MHz 1 Mbps 1 1 125 ns 8 4 3 2 NO
500 kbps 1 1 125 ns 16 10 5 4 NO
250 kbps 1 1 250 ns 16 10 5 4 NO
125 kbps 2 2 500 ns 16 10 5 4 NO

As an aid to understanding, the following is an explanation of how the table row illustrating an oscillator
frequency of 16 MHz and a CAN baud rate of 125kbps is derived.

Various combinations of BRPV are selected until one is located that meets the “tqu per bit” criteria, i.e.,
an integer value less than 25. Selecting BRPV=4, the previously described equations state that there
should be 16 tqu per bit. That leaves 16-1 or 15 tqu remaining for TS1 _LEN and TS2 LEN, which are
arbitrarily assigned as shown. Because BRPV > 3, the triple sampling feature (SMP=1) may be used if
desired.
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SECTION 20: ARITHMETIC ACCELERATOR

(DS80C390 Supplement Only)

The DS80C390 incorporates an arithmetic accelerator that performs 32- and 16-bit calculations while
maintaining 8051 software compatibility. Math operations are performed by sequentially loading three
special registers. The mathematical operation is determined by the sequence in which three dedicated
SFRs (MA, MB, and MCNTO0) are accessed, eliminating the need for a special step to choose the
operation. The arithmetic accelerator has four functions: multiply, divide, shift right/left, and normalize.
The normalize function facilitates the conversion of 4-byte unsigned binary integers into floating point
format. An integral 40-bit accumulator, described later, supports multiply-and-add and divide-and-add
operations. The following table shows the operations supported by the math accelerator and their time of

execution.

Table 20-1. ARITHMETIC ACCELERATOR EXECUTION TIMES

OPERATION RESULT EXECUTION TIME
32-bit/16-bit divide 32-bit quotient, 16-bit remainder 36 tercL
16-bit/16-bit divide 16-bit quotient, 16-bit remainder 24 tercL
16-bit/16-bit multiply 32-bit product 24 tereL
32-bit shift left/right 32-bit result 36 tercr
32-bit normalize 32-bit mantissa, 5 bit exponent 36 tercL

The following is a brief summary of the bits and registers used in conjunction with arithmetic acceleration
operations. Please consult the SFR listing in Section 4for a complete description of all these registers.

LSHIFT Left Shift. This bit determines whether shift operations proceed from LSb to MSb or

MCNTO.7 vice versa.

CSE Circular Shift Enable. This bit determines whether shift operations will wrap between

MCNTO0.6 the LSb and MSb.

SCE Shift Carry Enable. This bit determines whether the arithmetic accelerator carry bit is

MCNTO.5 included in the shift process.

MAS4-0 Multiplier Register Shift Bits. When performing a shift operation, these bits

MCNTO0.4-0. determine how many shifts to perform. Following a normalize operation, these bits will
contain indicate the number shifts performed.

MST Multiply/Accumulate Status Flag. This bit serves as a busy flag for the arithmetic

MCNT1.7 accumulator operations.

MOF Multiply Overflow Flag. This bit is set when a divide-by-0 or when the result of a

MCNTI1.6 calculation exceeds FFFFh.

SCB Shift Carry Bit. This bit serves as the carry bit during arithmetic accelerator shift

MCNTIL.5 operations when SCE=1. This bit must be cleared (or set) by software as desired before
each new shift operation.

CLM Clear Accelerator Registers. Setting this bit clears the MA, MB, and MC registers.

MCNT1.4

MA Multiplier A Register. This register is used as both a source and result register for

MA.7-0 various arithmetic accelerator functions.

MB Multiplier B Register. This register is used as both a source and result register for

MB.7-0 various arithmetic accelerator functions.

MC Multiplier C Register. This register serves as the 40-bit accumulator of the arithmetic

MC.7-0 accelerator.
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USING THE ARITHMETIC ACCELERATOR

The following procedures illustrate how to use the arithmetic accelerator. The MA and MB registers must
be loaded and read in the order shown for proper operation, although accesses to any other registers can
be performed between access to the MA or MB registers. An access to the MA, MB, or MC registers out
of sequence will corrupt the operation, requiring the software to clear the MST bit to restart the math
accelerator state machine.

Divide (32/16 or 16/16)

The divide operation uses a 32- or 16-bit dividend and a 16-bit divisor. The dividend is loaded into MA
(four bytes in the case of a 32-bit dividend, 2 bytes for a 16-bit dividend) and the 16-bit divisor is loaded
into MB. The quotient is stored in MA and the remainder in MB. The optional test of the MOF bit can be
performed to detect a divide-by-0 operation if software has not previously checked for a non-zero divisor.

Poll the MST bit until cleared (9 machine cycles).

Check MOF bit (MCNT1.6) to see if divide-by-0 occurred. (optional)
Read MA to retrieve the quotient MSB.

10. Read MA to retrieve the quotient LSB+2

11. Read MA to retrieve the quotient LSB+1."

12. Read MA to retrieve the quotient LSB.

13. Read MB to retrieve the remainder MSB.

14. Read MB to retrieve the remainder LSB.

1. Load MA with dividend LSB.
2. Load MA with dividend LSB+1"
3. Load MA with dividend LSB+2"
4. Load MA with dividend MSB.
5. Load MB with divisor LSB.

6. Load MB with divisor MSB.

7.

8.

9.

*Steps 2 and 3 not performed for 16-bit dividend.
**Not performed for 16/16 divide.

Multiply (16 x 16)

This function multiplies two 16-bit values in MA and MB and places the 32-bit product into MA. If the
product exceeds FFFFh then the Multiply Overflow Flag (MOF) will be set.

1. Load MB with multiplier LSB.

2. Load MB with multiplier MSB.

3. Load MA with multiplicand LSB.

4. Load MA with multiplicand MSB.

5. Poll the MST bit until cleared (6 machine cycles).

6. Read MA for product MSB.

7. Read MA for product LSB+2.

8. Read MA for product LSB+1.

9. Read MA for product LSB.

10. Check MOF bit (MCNT1.6) to see if product exceeded FFFFh (optional).
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Shift Right/Left

The shift function rotates the 32 bits of the MA register as directed by the control bits of the MCNTO
register. MA will contain the shifted results following the operation. Note that the multiplier register shift
bits (MCNT.4-0) must be set to a nonzero value or the Normalize function will be performed instead of
the desired shift operation.

1. Load MA with data LSB.

2. Load MA with data LSB+1.

3. Load MA with data LSB+2.

4. Load MA with data MSB.

5. Configure MCNTO register as required.

6. Poll the MST bit until cleared. (9 machine cycles)
7. Read MA for result MSB.

8. Read MA for result LSB+2.

9. Read MA for result LSB+1.

10. Read MA for result LSB.

Normalize

The normalize function is used to convert four byte unsigned binary integers into floating point format by
removing all leading zeros by shift left operations. Following the operation MA will contain the
normalized value (mantissa) and the MAS4-0 bits will contain the number of shifts performed
(characteristic).

Load MA with data LSB.

Load MA with data LSB+1.

Load MA with data LSB+2.

Load MA with data MSB.

Write 00000b to the MAS4-0 bits in the MCNTO register.
Poll the MST bit until cleared. (9 machine cycles)

Read MA for mantissa MSB.

Read MA for mantissa LSB+2.

. Read MA for mantissa LSB+1.

10. Read MA for mantissa LSB.

11. Read MAS4-0 to determine the number of shifts performed.

CoN~WNE

40-BIT ACCUMULATOR

The accelerator also incorporates an automatic accumulator function, permitting the implementation of
multiply-and-accumulate and divide-and-accumulate functions without any additional delay. Each time
the accelerator is used for a multiply or divide operation, the result is transparently added to a 40-bit
accumulator. This can greatly increase speed of DSP and other high-level math operations.

The accumulator can be accessed any time the Multiply/Accumulate Status Flag (MCNTZ1;D2h) is
cleared. The accumulator is initialized by performing five writes to the Multiplier C Register (MC;D5h),
LSB first. The 40-bit accumulator can be read by performing five reads of the Multiplier C Register,
MSB first.

158 of 158

Maxim/Dallas Semiconductor cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim/Dallas Semiconductor product.
No circuit patent licenses are implied. Maxim/Dallas Semiconductor reserves the right to change the circuitry and specifications without notice at any time.
Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600
© 2006 Maxim Integrated Products
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas logo is a registered trademark of Dallas Semiconductor Corporation.



	TABLE OF CONTENTS
	ADDENDUM TO SECTION 2: ORDERING INFORMATION
	ADDENDUM TO SECTION 4: PROGRAMMING MODEL
	MEMORY MAP
	REGISTER MAP
	BIT ADDRESSABLE LOCATIONS
	WORKING REGISTERS
	STACK
	SPECIAL FUNCTION REGISTERS
	PORT 4 (P4)
	STACK POINTER (SP)
	DATA POINTER LOW 0 (DPL)
	DATA POINTER HIGH 0 (DPH)
	DATA POINTER LOW 1 (DPL1)
	DATA POINTER HIGH 1 (DPH1)
	DATA POINTER SELECT (DPS)
	POWER CONTROL (PCON)
	TIMER/COUNTER CONTROL (TCON)
	TIMER MODE CONTROL (TMOD)
	TIMER 0 LSB (TL0)
	TIMER 1 LSB (TL1)
	TIMER 0 MSB (TH0)
	TIMER 1 MSB (TH1)
	CLOCK CONTROL (CKCON)
	PORT 1 (P1)
	EXTERNAL INTERRUPT FLAG (EXIF)
	PORT 4 CONTROL REGISTER (P4CNT)
	DATA POINTER EXTENDED REGISTER 0 (DPX)
	DATA POINTER EXTENDED REGISTER 1 (DPX1)
	CAN 0 RECEIVE MESSAGE STORED REGISTER 0 (C0RMS0)
	CAN 0 RECEIVE MESSAGE STORED REGISTER 1 (C0RMS1)
	SERIAL PORT 0 CONTROL (SCON0)
	REN_0

	SERIAL DATA BUFFER 0 (SBUF0)
	REVISION ID REGISTER (RID)
	EXTENDED STACK POINTER REGISTER (ESP)
	ADDRESS PAGE REGISTER (AP)
	ADDRESS CONTROL REGISTER (ACON)
	CAN 0 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 0 (C0TMA0)
	CAN 0 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 1 (C0TMA1)
	PORT 2 (P2)
	PORT 5 (P5)
	PORT 5 CONTROL REGISTER (P5CNT)
	CAN 0 CONTROL REGISTER (C0C)
	CAN 0 STATUS REGISTER (C0S)
	CAN 0 INTERRUPT REGISTER (C0IR)
	CAN 0 TRANSMIT ERROR REGISTER (C0TE)
	CAN 0 RECEIVE ERROR REGISTER (C0RE)
	INTERRUPT ENABLE (IE)
	SLAVE ADDRESS REGISTER 0 (SADDR0)
	SLAVE ADDRESS REGISTER 1 (SADDR1)
	CAN 0 MESSAGE CENTER 1 CONTROL REGISTER (C0M1C)
	CAN 0 MESSAGE CENTER 2 CONTROL REGISTER (C0M2C)
	CAN 0 MESSAGE CENTER 3 CONTROL REGISTER (C0M3C)
	CAN 0 MESSAGE CENTER 4 CONTROL REGISTER (C0M4C)
	CAN 0 MESSAGE CENTER 5 CONTROL REGISTER (C0M5C)
	PORT 3 (P3)
	CAN 0 MESSAGE CENTER 6 CONTROL REGISTER (C0M6C)
	CAN 0 MESSAGE CENTER 7 CONTROL REGISTER (C0M7C)
	CAN 0 MESSAGE CENTER 8 CONTROL REGISTER (C0M8C)
	CAN 0 MESSAGE CENTER 9 CONTROL REGISTER (C0M9C)
	CAN 0 MESSAGE CENTER 10 CONTROL REGISTER (C0M10C)
	INTERRUPT PRIORITY (IP)
	SLAVE ADDRESS MASK ENABLE REGISTER 0 (SADEN0)
	SLAVE ADDRESS MASK ENABLE REGISTER 1 (SADEN1)
	CAN 0 MESSAGE CENTER 11 CONTROL REGISTER (C0M11C)
	CAN 0 MESSAGE CENTER 12 CONTROL REGISTER (C0M12C)
	CAN 0 MESSAGE CENTER 13 CONTROL REGISTER (C0M13C)
	CAN 0 MESSAGE CENTER 14 CONTROL REGISTER (C0M14C)
	CAN 0 MESSAGE CENTER 15 CONTROL REGISTER (C0M15C)
	SERIAL PORT CONTROL (SCON1)
	SERIAL DATA BUFFER 1 (SBUF1)
	POWER MANAGEMENT REGISTER (PMR)
	STATUS REGISTER (STATUS)
	MEMORY CONTROL REGISTER (MCON)
	TIMED ACCESS REGISTER (TA)
	TIMER 2 CONTROL (T2CON)
	TF2
	EXF2

	TIMER 2 MODE (T2MOD)
	TIMER 2 CAPTURE LSB (RCAP2L)
	TIMER 2 CAPTURE MSB (RCAP2H)
	TIMER 2 LSB (TL2)
	TIMER 2 MSB (TH2)
	CLOCK OUTPUT REGISTER (COR)
	PROGRAM STATUS WORD (PSW)
	MULTIPLIER CONTROL REGISTER ZERO (MCNT0)
	MULTIPLIER CONTROL REGISTER ONE (MCNT1)
	MULTIPLIER A REGISTER (MA)
	MULTIPLIER B REGISTER (B)
	MULTIPLIER C REGISTER (C)
	CAN 1 RECEIVE MESSAGE STORED REGISTER 0 (C1RMS0)
	CAN 1 RECEIVE MESSAGE STORED REGISTER 1 (C1RMS1)
	WATCHDOG CONTROL (WDCON)
	WDIF

	CAN 1 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 0 (C1TMA0)
	CAN 1 TRANSMIT MESSAGE ACKNOWLEDGEMENT REGISTER 1 (C1TMA1)
	ACCUMULATOR (A or ACC)
	CAN 1 CONTROL REGISTER (C1C)
	CAN 1 STATUS REGISTER (C1S)
	CAN 1 INTERRUPT REGISTER (C1IR)
	CAN 1 TRANSMIT ERROR REGISTER (C1TE)
	CAN 1 RECEIVE ERROR REGISTER (C1RE)
	EXTENDED INTERRUPT ENABLE (EIE)
	MOVX EXTENDED ADDRESS REGISTER (MXAX)
	CAN 1 MESSAGE CENTER 1 CONTROL REGISTER (C1M1C)
	CAN 1 MESSAGE CENTER 2 CONTROL REGISTER (C1M2C)
	CAN 1 MESSAGE CENTER 3 CONTROL REGISTER (C1M3C)
	CAN 1 MESSAGE CENTER 4 CONTROL REGISTER (C1M4C)
	CAN 1 MESSAGE CENTER 5 CONTROL REGISTER (C1M5C)
	B REGISTER (B)
	CAN 1 MESSAGE CENTER 6 CONTROL REGISTER (C1M6C)
	CAN 1 MESSAGE CENTER 7 CONTROL REGISTER (C1M7C)
	CAN 1 MESSAGE CENTER 8 CONTROL REGISTER (C1M8C)
	CAN 1 MESSAGE CENTER 9 CONTROL REGISTER (C1M9C)
	CAN 1 MESSAGE CENTER 10 CONTROL REGISTER (C1M10C)
	EXTENDED INTERRUPT PRIORITY (EIP)
	CAN 1 MESSAGE CENTER 11 CONTROL REGISTER (C1M11C)
	CAN 1 MESSAGE CENTER 12 CONTROL REGISTER (C1M12C)
	CAN 1 MESSAGE CENTER 13 CONTROL REGISTER (C1M13C)
	CAN 1 MESSAGE CENTER 14 CONTROL REGISTER (C1M14C)
	CAN 1 MESSAGE CENTER 15 CONTROL REGISTER (C1M14C)

	ADDENDUM TO SECTION 5: CPU TIMING
	SYSTEM CLOCK SELECTION
	CHANGING THE SYSTEM CLOCK/MACHINE CYCLE CLOCK FREQUENCY

	ADDENDUM TO SECTION 6: MEMORY ACCESS
	EXTERNAL MEMORY INTERFACING
	USING THE COMBINED CHIP-ENABLE SIGNALS
	IMPLEMENTING A BOOTLOADER USING INTERNAL SRAM
	EXAMPLE DS80C390 MEMORY CONFIGURATION

	ADDENDUM TO SECTION 7: POWER MANAGEMENT
	POWER MANAGEMENT MODES
	SWITCHING BETWEEN CLOCK SOURCES

	ADDENDUM TO SECTION 8: RESET CONDITIONS
	RESET SOURCES
	POWER-ON/FAIL RESET
	WATCHDOG TIMER RESET
	EXTERNAL RESET
	RESET OUTPUTS
	RESET STATE
	IN-SYSTEM DISABLE MODE

	ADDENDUM TO SECTION 10:  PARALLEL I/O
	PORT 1
	General-Purpose I/O
	Nonmultiplexed Address Bus A0-A7
	Current-Limited Transitions

	PORTS 4 AND 5
	OUTPUT FUNCTIONS

	ADDENDUM TO SECTION 11: PROGRAMMABLE TIMERS
	DIVIDE-BY-13 OPTION
	PROGRAMMABLE CLOCK OUTPUT
	IrDA CLOCK OUTPUT

	ADDENDUM TO SECTION 12: SERIAL I/O
	ADDENDUM TO SECTION 13: TIMED ACCESS PROTECTION
	ADDENDUM TO SECTION 16: INSTRUCTION SET DETAILS
	16-BIT (8051 STANDARD) ADDRESSING MODE
	22-BIT PAGED ADDRESSING MODE
	22-BIT CONTIGUOUS ADDRESSING MODE

	SECTION 19: CONTROLLER AREA NETWORK (CAN) MODULE
	MOVX MESSAGE CENTERS FOR CAN 0
	MOVX MESSAGE CENTERS FOR CAN 1
	CAN MOVX REGISTER DESCRIPTION
	CAN Media ID Mask Register 0 (CnMID0)
	CAN Media ID Mask Register 1 (CnMID1)
	CAN Media Arbitration Register 0 (CnMA0)
	CAN Media Arbitration Register 1 (CnMA1)
	CAN Bus Timing Register 0 (CnBT0)
	CAN Bus Timing Register 1 (CnBT1)
	CAN Standard Global Mask Register 0 (CnSGM0)
	CAN Standard Global Mask Register 1 (CnSGM1)
	CAN Extended Global Mask Register 0 (CnEGM0)
	CAN Extended Global Mask Register 1 (CnEGM1)
	CAN Extended Global Mask Register 2 (CnEGM2)
	CAN Extended Global Mask Register 3 (CnEGM3)
	CAN Message Center 15 Mask Register 0 (CnM15M0)
	CAN Message Center 15 Mask Register 1 (CnM15M1)
	CAN 0 Message Center 15 Mask Register 2 (CnM15M2)
	CAN 0 Message Center 15 Mask Register 3 (CnM15M3)

	CAN MESSAGE CENTER MOVX REGISTER DESCRIPTIONS
	CAN Message Center y Arbitration Register 0 (CnMyAR0)
	CAN Message Center y Arbitration Register 1 (CnMyAR1)
	CAN Message Center y Arbitration Register 2 (CnMyAR2)
	CAN Message Center y Arbitration Register 3 (CnMyAR3)
	CAN Message Center y Format Register (CnMyF)
	CAN Message Center y Data Byte 0 (CnMyD0)
	CAN Message Center y Data Byte 1 (CnMyD1)
	CAN Message Center y Data Byte 2 (CnMyD2)
	CAN Message Center y Data Byte 3 (CnMyD3)
	CAN Message Center y Data Byte 4 (CnMyD4)
	CAN Message Center y Data Byte 5 (CnMyD5)
	CAN Message Center y Data Byte 6 (CnMyD6)
	CAN Message Center y Data Byte 7 (CnMyD7)

	FRAME TYPES
	Data Frame
	Start of Frame (SOF) (Standard and Extended Format)
	Arbitration Field (Standard and Extended Format)
	Control Field: (Standard and Extended Format)
	Data Field (Standard and Extended Format)
	CRC Field (Standard and Extended Format)
	Acknowledge Field (ACK): (Standard and Extended Format)
	End of Frame (Standard and Extended Format)

	Interframe Spacing (Intermission): (Standard and Extended Format)
	Remote Frame (Standard and Extended Format)
	Error Frame
	Overload Frame

	INITIALIZING THE CAN CONTROLLERS
	CAN INTERRUPTS
	ARBITRATION/MASKING CONSIDERATIONS
	MESSAGE CENTER 15
	TRANSMITTING AND RECEIVING MESSAGES
	Transmitting Data Messages
	Receiving Data Messages
	Transmitting Remote Frame Requests
	Receiving/Responding to Remote Frame Requests
	Case 1: Automatic Reply
	Case 2: Software-Initiated Reply (Using TIH as Gating Control)
	Case 3: Software-Initiated Reply (Reply by same message center, using TIH as Gating Control)
	Case 4: Software-Initiated Reply (Reply by same different center, using TIH as Gating Control)


	REMOTE FRAME HANDLING IN RELATION TO THE DTBYC BITS
	OVERWRITE ENABLE/DISABLE FEATURE
	USING THE AUTOBAUD FEATURE
	BUS OFF/BUS OFF RECOVERY AND ERROR COUNTER OPERATION
	BIT TIMING

	SECTION 20: ARITHMETIC ACCELERATOR
	USING THE ARITHMETIC ACCELERATOR
	Divide (32/16 or 16/16)
	Multiply (16 x 16)
	Shift Right/Left
	Normalize

	40-BIT ACCUMULATOR


