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FEATURES

GENERAL DESCRIPTION

The DS80C390 is a fast 8051-compatible
microprocessor with dual CAN 2.0B controllers. The
redesigned processor core executes 8051
instructions up to 3X faster than the original for the
same crystal speed. The DS80C390 supports a
maximum crystal speed of 40MHz, resulting in
apparent execution speeds of 100MHz
(approximately 2.5X). An optional internal frequency
multiplier allows the microprocessor to operate at full
speed with a reduced crystal frequency, reducing
EMI. A hardware math accelerator further increases
the speed of 32-bit and 16-bit multiply and divide
operations as well as high-speed shift, normalization,
and accumulate functions.

The High-Speed Microcontroller User’s Guide and High-Speed
Microcontroller User's Guide: DS80C390 Supplement must be

used in conjunction with this data sheet. Download both at:
www.maxim-ic.com/microcontrollers.

APPLICATIONS
Industrial Controls
Factory Automation
Medical Equipment
Automotive

Agricultural Equipment

Gaming Equipment

Heating, Ventilation, and
Air Conditioning

PIN CONFIGURATIONS

80C52 Compatible
High-Speed Architecture

4kB Internal SRAM Usable as Program/
Data/Stack Memory

Enhanced Memory Architecture

Two Full-Function CAN 2.0B Controllers
Two Full-Duplex Hardware Serial Ports
Programmable IrDA Clock

High Integration Controller

16 Interrupt Sources with Six External
Available in 64-Pin LQFP, 68-Pin PLCC

See page 29 for a complete list of features.

ORDERING INFORMATION

PART TEMP RANGE  PIN-PACKAGE
DS80C390-QCR 0°Cto +70°C 68 PLCC
DS80C390-QCR+ 0°C to +70°C 68 PLCC
DS80C390-ONR -40°C to +85°C 68 PLCC
DS80C390-QNR+ -40°C to +85°C 68 PLCC
DS80C390-FCR 0°Cto +70°C 64 LQFP
DS80C390-FCR+ 0°Cto +70°C 64 LQFP
DS80C390-FNR -40°C to +85°C 64 LQFP
DS80C390-FNR+ -40°C to +85°C 64 LQFP

+ Denotes a lead-free/RoHS-compliant device.
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Note: Some revisions of this device may incorporate deviations from published specifications known as errata. Multiple revisions of any device
may be simultaneously available through various sales channels. For information about device errata, click here: www.maxim-ic.com/errata__.
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DS80C390 Dual CAN High-Speed Microprocessor

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin Relative t0 GroUNd..........ooooiieiit i s e e e e e ve e e -0.3Vto (Ve + 0.5V)
Voltage Range on Vec Relative to GrOUNG..........ieie it vt e e e ee e e e een e e -0.3V to +6.0V
Operating TemMPEratUre RANQE. .. ... et et e e e e e e e e e e e e e e eenas -40°C to +85°C
Storage TeMPEratUIe RaANGE. .. ... ettt e e e e e e e e e e et e et e et e n e e -55°C to +125°C
SOIdEriNg TEMPEIATUIE. .....ut it et et e e e e e e e e e e e e e et e e e e eanas See IPC/JEDEC J-STD-020

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is
not implied. Exposure to the absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS (Note 10)

PARAMETER SYMBOL MIN TYP MAX UNITS
Supply Voltage Ve VRsT 5.0 5.5 \%
Power-Fail Warning Verw 4.10 4.38 4.60 \
Minimum Operating Voltage VRsT 3.85 4.13 4.35 \
Supply Current, Active Mode (Note 1) lcc 80 150 mA
Supply Current, Idle Mode (Note 2) lipLE 40 75 mA
Supply Current, Stop Mode (Note 3) Istop 1 120 A
Supply Current, Stop Mode, Bandgap Enabled (Note 3) IspeG 150 350 A
Input Low Level Vi -0.5 +0.8 V
Input High Level ViH 2.0 Vce +0.5 V
Input High Level for XTAL1, RST ViH2 0.7 X Vce Vee +0.5 V
Output Low Voltage for Port 1, 3, 4, 5 at lo. = 1.6mA Vou1 0.45 V
Output Low Voltage for Port 0, 1, 2, 4, 5, RD, WR, RSTOL, PSEN, VoL 0.45 Vv
and ALE at lo. = 3.2mA (Note 5)
Output High Voltage for Port 1, 3, 4, 5 at lon = -50 A (Note 4) Vo1 2.4 \%
Output High Voltage for Port 1, 3, 4, 5 at loy = -1.5mA (Note 6) Vor2 2.4 \
Output High Voltage for Port 0, 1, 2, 4, 5, RD, WR, RSTOL, PSEN, Vous 24 v
and ALE at lon = -8mA (Note 5, 7)
Input Low Current for Port 1, 3, 4, 5 at 0.45V (Note 8) I -55 A
Logic 1 to 0 Transition Current for Port 1, 3, 4, 5 (Note 9) It1 -650 A
Input Leakage Current for Port O (Input Mode Only) I -300 +300 A
RST Pulldown Resistance Rrst 50 170 k
Note 1: Active current measured with 40MHz clock source on XTAL1, Vcc = RST = 5.5V, all other pins disconnected.
Note 2: Idle mode current measured with 40MHz clock source on XTALL, Vcc= 5.5V, RST = EA = Vss, all other pins disconnected.
Note 3: Stop mode current measured with XTAL1 = RST = EA = Vss, Vcc = 5.5V, all other pins disconnected.
Note 4: RST = Vcc. This condition mimics operation of pins in 1/0 mode.
Note 5: Applies to port pins when they are used to address external memory or as CAN interface signals.
Note 6: This measurement reflects the port during a 0-to-1 transition in I/O mode. During this period a one-shot circuit drives the ports hard

for two clock cycles. If a port 4 or 5 pin is functioning in memory mode with pin state of 0 and the SFR bit contains a 1, changing
the pin to an I/O mode (by writing to PACNT) will not enable the 2-cycle strong pullup. During Stop or Idle mode the pins switch to
1/0 mode, and so port 2 and port 1 (in nonmultiplexed mode) will not exhibit the 2-cycle strong pullup when entering Stop or Idle

mode.

Note 7: Port 3 pins 3.6 and 3.7 have a stronger than normal pullup drive for one oscillator period following the transition of either the RD or
WR from a 0-to-1 transition.

Note 8: This is the current required from an external circuit to hold a logic low level on an 1/O pin while the corresponding port latch bit is

set to 1. This is only the current required to hold the low level; transitions from 1 to 0 on an 1/O pin also have to overcome the
transition current.

Note 9: Ports 1(in I/O mode), 3, 4, and 5 source transition current when being pulled down externally. It reaches its maximum at
approximately 2V.
Note 10: Specifications to -40°C are guaranteed by design and not production tested.
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DS80C390 Dual CAN High-Speed Microprocessor

AC ELECTRICAL CHARACTERISTICS—(MULTIPLEXED ADDRESS/DATA BUS)

(Note 10, Note 11)

40MHz VARIABLE CLOCK
PARAMETER SYMBOL CONDITIONS UNITS

MIN MAX MIN MAX

Oscillator Frequency 1/ terel External oscillator 0 40 0 40 MHz
External crystal 1 40 1 40

ALE Pulse Width e 0375 fues ns
Port O Instruction Address or CE0-4
Valid to ALE Low tavie 0125 tues - 5 ns
Address Hold After ALE Low tLLaxL 0.125 tyes - 5 ns
ALE Low to Valid Instruction In tLuv 0.625 tycs - 20 ns
ALE Low to PSEN Low tLpL 0.125 tyes - 5 ns
PSEN Pulse Width tpLPH 0.5 tucs - 8 ns
PSEN Low to Valid Instruction In teLiv 0.5 tyes - 20 ns
Input Instruction Hold After PSEN trxix 0 0 ns
Input Instruction Float After PSEN texiz 0.25 tyes - 5 ns
Port 0 Address to Valid Instruction In tavivi 0.75 tyces - 22 ns
:3nort 2, 4 Address to Valid Instruction taviva 0.875tyes-30 | ns
PSEN Low to Address Float trLaz 0 0 ns

Note 11:

All parameters apply to both commercial and industrial temperature operation unless otherwise noted. The value tycs is a function

of the machine cycle clock in terms of the processor’s input clock frequency. These relationships are described in the Stretch Value
Timing table. All signals characterized with load capacitance of 80pF except Port 0, ALE, PSEN RD, and WR with 100pF.
Interfacing to memory devices with float times (turn off times) over 25ns can cause bus contention. This does not damage the
parts, but causes an increase in operating current. Specifications assume a 50% duty cycle for the oscillator. Port 2 and ALE timing
changes in relation to duty cycle variation. Some AC timing characteristic drawings contain references to the CLK signal. This
waveform is provided to assist in determining the relative occurrence of events and cannot be used to determine the timing of
signals relative to the external clock. AC timing is characterized and guaranteed by design but is not production tested.
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DS80C390 Dual CAN High-Speed Microprocessor

AC SYMBOLS

The DS80C390 uses timing parameters and symbols similar to the original 8051 family. The following list of timing
symbols is provided as an aid to understanding the timing diagrams.

SYMBOL FUNCTION
Time

Address

Clock

Chip Enable

Input Data

Logic Level High
Logic Level Low
Instruction

PSEN

Output Data

RD Signal

Valid

WR Signal

No longer a valid logic level.
Tri-State

Nix|E|<|m|o|v|-|r|z|o|Qlo]>|~

Figure 1. Multiplexed External Program Memory Read Cycle

|4——- b —P
44— tuv —P
ALE /F \ / \
tave TN
teLPH
PSEN /L teuv —P
—Pp ture
touaz trxiz
texix
ADDRESS |NSTRUCT|ON ADDRESS
SN e )y
— tav1 ——P
———— vz — P
PORT 2 ADDRESS A8-A15 OUT >< ADDRESS A8-A15 OUT
PORT 4 ADDRESS A16-A19 ADDRESS A16-A19
PORT 4 \ /
CEO-3 N
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DS80C390 Dual CAN High-Speed Microprocessor

MOVX CHARACTERISTICS (MULTIPLEXED ADDRESS/DATA BUS) (Note 12)

STRETCH
PARAMETER SYMBOL MIN MAX UNITS VALUES
Cst (MD2:0)
0.375tmes - 5 ns Cst=0
MOVX ALE Pulse Width tLHLL2 0.5tycs-5 ns 1 Cst 3
1.5 tmes - 10 ns 4 Cst 7
Port 0 MOVX Address, CE04, . 0125 ues - 5 e 102 =0 5
PCE0-4 Valid to ALE Low AVLL2 EIMES cll
1.25 tmes - 10 ns 4 Cst 7
Address Hold After MOVX tLiaxe 0.25tmes5 ns Cor=0
. 0.125 tmecs - 5 ns 1 Cst 3
Read/Write fLiaxs
1.25 tmes- 5 ns 4 Cst 7
. 0.5 tmcs- 6 ns Cst=0
RD Pulse Width tRLRH Cor X tues - 10 s 1 Cor 7
. 0.5 tyes - 6 ns Cst=0
t
WR Pulse Width WLWH Cor X tucs - 10 ns 1 Cst 7
. 0.5 tmes - 20 ns Cst=0
1
RD Low to Valid Data In RLDV Cor X tucs - 25 s T Cor 7
Data Hold After Read tRHDX 0 ns
0.25 tycs - 5 ns Cst=0
Data Float After Read tRHDZ 0.5tyes - 5 ns 1 Cst 3
1.5 tMCS - 5 ns 4 CST 7
0.625 tyces - 20 ns Cst=0
ALE Low to Valid Data In fLov (Cst + 0.25) X tmes - 20 ns 1 Cst 3
(CST + 125) X tmes - 20 ns 4 Cst 7
Port 0 Address, Port 4 CE, Port 5 ¢ (ac OZ% tg')c)s( t 26 T30 22 1(:2 = 03
PCE to Valid Data In AVDVL CLEEL MeS ST
(4Cst + 2.5) X tmes - 30 ns 4 Cst 7
0.75 tyes - 30 ns Cst=0
Port 2, 4 Address to Valid Data In tavbv2 (4Cs7 + 0.5) X tmes - 30 ns 1 Cst 3
(4CST + 25) X tmes - 30 ns 4 Cst 7
0.125 tmes - 5 0.125 tycs + 10 ns Cst =0
ALE Low to RD or WR Low tiowe 0.25tmcs - 5 0.25tmecs + 10 ns 1 Cst 3
1.25 tyes- 5 1.25 tyes + 10 ns 4 Cst 7
Port 0 Address, Port 4 CE, Port 5 ¢ 0(-)2:ttmcs_ '1111 22 T ng =0 3
PCE to RD or WR Low AVWLL DMES ST
2.5 tmes- 11 ns 4 Csr 7
0.375 tpmes - 11 ns Cst=0
Port 2, 4 Address to or WR Low tavwi2 0.625tmes - 11 ns 1 Cst 3
2.625 tycs - 11 ns 4 Cst 7
Data Valid to WR Transition tovwx -8 ns
0.25 tyes - 8 ns Cst=0
Data Hold After WR High twHox 0.5tmcs - 10 ns 1 Cst 3
1.5 tyes - 10 ns 4 Cst 7
RD Low to Address Float trLAZ See Note 12
. -5 +10 ns Cst=0
RD or WR High to ALE, Port 4 CE
or Port 5 PCE High tWHLH 0.25 tucs - 7 0.25 tucs + 5 ns 1 Cst 3
1.25 tyes- 7 1.25 tmes +10 ns 4 Cst 7

Note 12: All parameters apply to both commercial and industrial temperature operation. Csr is the stretch cycle value determined by the
MD2:0 bits. tucs is a time period shown in the tucs Time Periods table. All signals characterized with load capacitance of 80pF
except Port 0, ALE, PSEN RD, and WR with 100pF. Interfacing to memory devices with float times over 25ns can cause bus
contention and an increase in operating current. Specifications assume a 50% duty cycle for the oscillator; port 2 and ALE timing
changes in relation to duty cycle variation. Some AC timing characteristic drawings show the CLK signal, provided to determine the
relative occurrence of events and not the timing of signals relative to the external clock. During the external addressing mode, weak
latches maintain the previously driven value from the processor on Port O until Port O is overdriven by external memory; and on Port
1, 2 and 4 for one XTALL1 cycle prior to change in output address from Port 1, 2, and 4.
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DS80C390 Dual CAN High-Speed Microprocessor

Figure 2. Multiplexed 9-Cycle Address/Data CE0-3 MOVX Read/Write Operation

[—MOVX Instruction Fetch~
_ c1 _ c2 _ cs|c
s A\ A\

TLHLL
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ALE
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DS80C390 Dual CAN High-Speed Microprocessor

Figure 3. Multiplexed 9-Cycle Address/Data PCEO-3 MOVX Read/Write Operation
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DS80C390 Dual CAN High-Speed Microprocessor

Figure 4. Multiplexed 2-Cycle Data Memory PCEO-3 Read or Write

LAST CYCLE FIRST SECOND NEXT
|€— OF PREVIOUS —»|€—— MACHINE ——{€—— MACHINE ——P{€— INSTRUCTION —Pj
INSTRUCTION CYCLE CYCLE MACHINE CYCLE

[€———— MOVX INSTRUCTION ——
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i
i
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]
I
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1
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l
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3
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Figure 5. Multiplexed 2-Cycle Data Memory CEO-3 Read
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DS80C390 Dual CAN High-Speed Microprocessor

Figure 6. Multiplexed 2-Cycle Data Memory CEO-3 Write
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Figure 7. Multiplexed 3-Cycle Data Memory PCEO-3 Read or Write
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DS80C390 Dual CAN High-Speed Microprocessor

Figure 8. Multiplexed 3-Cycle Data Memory CEO-3 Read
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Figure 9. Multiplexed 3-Cycle Data Memory CEO-3 Write
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DS80C390 Dual CAN High-Speed Microprocessor

Figure 24. Nonmultiplexed 9-Cycle Data Memory CEOQ-3 Write
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1 0 0 1 tccL
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X 1 0 4 toicL
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EXTERNAL CLOCK CHARACTERISTICS

PARAMETER SYMBOL MIN MAX UNITS
Clock High Time teHex 8 ns
Clock Low Time terex 8 ns
Clock Rise Time teich 4 ns
Clock Fall Time teHeL 4 ns

Figure 25. External Clock Drive
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DS80C390 Dual CAN High-Speed Microprocessor

SERIAL PORT MODE 0 TIMING CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS TYP UNITS
. . SM2 = 0:2 clocks per cycle 12 toic
Serial Port Clock Cycle Time txuxe SM2 = 14 clocks per cycle e ns
Output Data Setup to Clock Rising tovxm SM2 = 0:12 clacks per cycle 10 toie ns
SM2 = 1:4 clocks per cycle 3 tocL
Output Data Hold from Clock Rising txrox M2 = 0:12 clocks per cycle 2 oo ns
SM2 = 1:4 clocks per cycle forer
Input Data Hold After Clock Rising txrox SM2 = 0:12 clocks per cycle L= ns
SM2 = 1:4 clocks per cycle 0
- . SM2 = 0:12 clocks per cycle 11 toia
Clock Rising Edge to Input Data Valid txrov SM2 = 1:4 clocks per cycle 2 toc ns
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DS80C390 Dual CAN High-Speed Microprocessor

Figure 26. Serial Port 0 (Synchronous Mode)
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DS80C390 Dual CAN High-Speed Microprocessor

POWER-CYCLE TIMING CHARACTERISTICS

PARAMETER SYMBOL TYP MAX UNITS
Crystal Startup Time (Note 14) tesu 1.8 ms
Power-On Reset Delay (Note 15) toor 65,536 toc

Note 14: Startup time for crystals varies with load capacitance and manufacturer. Time shown is for an 11.0592MHz crystal manufactured by
Fox Electronics.

Note 15: Reset delay is a synchronous counter of crystal oscillations during crystal startup. Counting begins when the level on the XTAL1 input
meets the V), criteria. At 40MHz, this time is approximately 1.64ms.

Figure 27. Power-Cycle Timing
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STOP MODE

Setting the STOP bit of the power control register (PCON.1) invokes stop mode. Stop mode is the lowest power
state (besides power off) since it turns off all internal clocking. All processor operation ceases at the end of the
instruction that sets the STOP bit. The CPU can exit stop mode via an external interrupt, if enabled, or a reset
condition. Internally generated interrupts (timer, serial port, watchdog) cannot cause an exit from stop mode
because internal clocks are not active in stop mode.

BANDGAP SELECT

The DS80C390 provides two enhancements to stop mode. As described below, the device provides a band-gap
reference to determine power-fail interrupt and reset thresholds. The bandgap select bit, BGS (RCON.0), controls
the bandgap reference. Setting BGS to 1 keeps the bandgap reference enabled during stop mode. The default or
reset condition of the bit is logic 0, which disables the bandgap during stop mode. This bit has no control of the
reference during full power, PMM, or idle modes.

With the bandgap reference enabled, the power-fail reset and interrupt are valid means for leaving stop mode. This
allows software to detect and compensate for a power-supply sag or brownout, even when in stop mode. In stop
mode with the bandgap enabled, Icc is higher compared to with the bandgap disabled. If a user does not require a
power-fail reset or interrupt while in stop mode, the bandgap can remain disabled. Only the most power-sensitive
applications should disable the bandgap reference in stop mode, as this results in an uncontrolled power-down
condition.

RING OSCILLATOR

The second enhancement to Stop mode reduces power consumption and allows the device to restart instantly
when exiting stop mode. The ring oscillator is an internal clock that can optionally provide the clock source to the
microcontroller when exiting stop mode in response to an interrupt.

During stop mode the crystal oscillator is halted to maximize power savings. Typically, 4ms to 10ms is required for
an external crystal to begin oscillating again once the device receives the exit stimulus. The ring oscillator, by
contrast, is a free-running digital oscillator that has no startup delay. Setting the ring oscillator select bit, RGSL
(EXIF.1), enables the ring oscillator feature. If enabled, the microcontroller uses the ring oscillator as the clock
source to exit stop mode, resuming operation in less than 100ns. After 65,536 oscillations of the external clock
source (not the ring oscillator), the device clears the ring-oscillator-mode bit, RGMD (EXIF.2), to indicate that the
device has switched from the ring oscillator to the external clock source.

The ring oscillator runs at approximately 10MHz but varies over temperature and voltage. As a result, no serial
communication or precision timing should be attempted while running from the ring oscillator since the operating
frequency is not precise. The default state exits stop mode without using the ring oscillator.
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TIMED-ACCESS PROTECTION

Selected SFR bits are critical to operation, making it desirable to protect them against an accidental write
operation. The timed-access procedure prevents an errant processor from accidentally altering bits that would
seriously affect processor operation. The timed-access procedure requires that the write of a protected bit be
immediately preceded by the following two instructions:

MOV  0C7h, #0AAh
MOV  0C7h, #55h

Writing an AAh followed by a 55h to the timed-access register (location C7h) opens a three-cycle window that
allows software to modify one of the protected bits. If the instruction that seeks to modify the protected bit is not
immediately preceded by these instructions, the write is ignored. The protected bits are:

WDCON.6 POR Power-On Reset Flag

WDCON.3 WDIF Watchdog Interrupt Flag

WDCON.1 EWT Watchdog Reset Enable

WDCON.0 RWT Reset Watchdog Timer

RCON.O BGS Bandgap Select

ACON.2 SA Stack Address Mode

ACON.1-0 AM1-AMO Address Mode Select bits

MCON.7-6 IDM1-IDMO Internal Memory Configuration and Location bits
MCON.5 CMA CAN Data Memory Assignment
MCON.3-0 PDCE3-PDCE.O Program/Data Chip Enables

coc.3 CRST CAN 0 Reset

C1C.3 CRST CAN 1 Reset

PACNT.6 SBCAN Single Bus CAN

PACNT.5-0 Port 4 Pin Configuration Control Bits
P5CNT.2-0 P5.7-P5.5 Configuration Control Bits

COR.7 IRDACK IRDA Clock Output Enable

COR.6-5 C1BPR7-C1BPR6 CAN 1 Baud Rate Prescale Bits
COR.4-3 COBPR7-COBPR6 CAN 0 Baud Rate Prescale Bits
COR.2-1 COD1-CODO0 CAN Clock Output Divide Bit 1 and Bit 0
COR.0 CLKOE CAN Clock Output Enable

EMI REDUCTION

One of the major contributors to radiated noise in an 8051-based system is the toggling of ALE. The microcontroller
allows software to disable ALE when not used by setting the ALEOFF (PMR.2) bit to 1. When ALEOFF = 1, ALE
automatically toggles during an off-chip MOVX. However, ALE remains static when performing on-chip memory
access. The default state of ALEOFF is 0 so ALE normally toggles at a frequency of XTAL/4.

PERIPHERAL OVERVIEW

The DS80C390 provides several of the most commonly needed peripheral functions in microcomputer-based
systems. New functions include a second serial port, power-fail reset, power-fail interrupt flag, and a programmable
watchdog timer. In addition, the microcontroller contains two CAN modules for industrial communication
applications. Each of these peripherals is described in the following paragraphs. More details are available in the
High-Speed Microcontroller User's Guide and the DS80C390 Supplement.

SERIAL PORTS

The microcontroller provides a serial port (UART) that is identical to the 80C52. In addition it includes a second
hardware serial port that is a full duplicate of the standard one. This second port optionally uses pins P1.2 (RXD1)
and P1.3 (TXD1). It has duplicate control functions included in new SFR locations. The second serial port can
alternately be mapped to P5.2 and P5.3 to allow use of both serial ports in nonmultiplexed mode.

Both ports can operate simultaneously but can be at different baud rates or even in different modes. The second
serial port has similar control registers (SCON1, SBUF1) to the original. The new serial port can only use Timer 1
for baud-rate generation.
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The SCONO register provides control for serial port 0 while its I/0O buffer is SBUF0. The registers SCON1 and
SBUF1 provide the same functions for the second serial port. A full description of the use and operation of both
serial ports can be found in the High-Speed Microcontroller User’s Guide: DS80C390 Supplement.

WATCHDOG TIMER

The watchdog is a free-running, programmable timer that can set a flag, cause an interrupt, and/or reset the
microcontroller if allowed to reach a preselected timeout. It can be restarted by software.

A typical application uses the watchdog timer as a reset source to prevent software from losing control. The
watchdog timer is initialized, selecting the timeout period and enabling the reset and/or interrupt functions. After
enabling the reset function, software must then restart the timer before its expiration or the hardware will reset the
CPU. In this way, if the code execution goes awry and software does not reset the watchdog as scheduled, the
processor is put in a known good state: reset.

Software can select one of four timeout values as controlled by the WD1 and WDO bits. Timeout values are precise
since they are a function of the crystal frequency. When the watchdog times out, it sets the watchdog timer-reset
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POWER-FAIL RESET

The microcontroller incorporates an internal precision bandgap voltage reference and comparator circuit that
provide a power-on and power-fail reset function. This circuit monitors the processor’s incoming power supply
voltage (Vcc), and holds the processor in reset while V¢ is below the minimum voltage level. When power exceeds
the reset threshold, a full power-on reset is performed. In this way, this internal voltage monitoring circuitry handles
both power-up and power-down conditions without the need for additional external components.

Once V¢c has risen above Vgst, the device automatically restarts the oscillator for the external crystal and counts
65,536 clock cycles before program execution begins at location 0000h. This helps the system maintain reliable
operation by only permitting processor operation when the supply voltage is in a known good state. Software can
determine that a power-on reset has occurred by checking the power-on reset flag (POR;WDCON.6). Software
should clear the POR bit after reading it.

POWER-FAIL INTERRUPT

The bandgap voltage reference that sets a precise reset threshold also generates an optional early warning power-
fail interrupt (PFI). When enabled by software, the processor vectors to ROM address 0033h if V¢ drops below
Verw- PFI has the highest priority. The PFI enable is in the watchdog control SFR (EPFI;WDCON.5). Setting this bit
to logic 1 enables the PFI. Application software can also read the PFI flag at WDCON.4. A PFI condition sets this
bit to 1. The flag is independent of the interrupt enable and must be cleared by software.

EXTERNAL RESET PINS

The DS80C390 has reset input (RST) and reset output (RSTOL) pins. The RSTOL pin supplies an active-low reset
when the microprocessor is issued a reset from either a high on the RST pin, a timeout of the watchdog timer, a
crystal oscillator fail, or an internally detected power fail. The timing of the RSTOL pin is dependent on the source of
the reset.

RESET TYPE/SOURCE RSTOLDURATION
Power-On Reset 65,536 tcicL (as described in Power Cycle Timing Characteristics)
External Reset <1.25 machine cycles
Power Fall 65,536 tcicL (as described in Power Cycle Timing Characteristics)
Watchdog Timer Reset 2 machine cycles
Oscillator-Fail Detect 65,536 tcicL (as described in Power Cycle Timing Characteristics)
INTERRUPTS

The microcontroller provides 16 interrupt sources with three priority levels. All interrupts, with the exception of the
power-fail interrupt, are controlled by a series combination of individual enable bits and a global interrupt-enable,
EA (IE.7). Setting EA to 1 allows individual interrupts to be enabled. Clearing EA disables all interrupts regardless
of their individual enable settings.

The three available priority levels are low, high, and highest. The highest priority level is reserved for the power-fall
interrupt only. All other interrupt priority levels have individual priority bits that, when set to 1, establish the
particular interrupt as high priority. In addition to the user-selectable priorities, each interrupt also has an inherent
natural priority, used to determine the priority of simultaneously occurring interrupts. The available interrupt
sources, their flags, their enables, their natural priority, and their available priority selection bits are identified in
Table 13.
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Table 13. Interrupt Summary

NATURAL PRIORITY

NAME DESCRIPTION VECTOR PRIORITY FLAG BIT ENABLE BIT CONTROL BIT
PFI Power-Fail Interrupt 33h 0 PFI (WDCON.4) | EPFI (WDCON.5) N/A
INTO External Interrupt O 03h 1 IEQ (TCON.1)** EXO (IE.O0) PX0 (IP.0)
TFO Timer 0 0Bh 2 TFO (TCON.5)* ETO (IE.1) PTO (IP.1)
INT1 External Interrupt 1 13h 3 IE1 (TCON.3)** EX1 (IE.2) PX1 (IP.2)
TF1 Timer 1 1Bh 4 TF1 (TCON.7)* ET1 (IE.3) PT1 (IP.3)

. RI_O (SCONO.0);

SCONO | TIO or RIO from Serial Port 0 23h 5 710 (SCONO0.1) ESO (IE.4) PSO (IP.4)

TF2 Timer 2 2Bh 6 TF2 (T2CON.7) ET2 (IE.5) PT2 (IP.7)
. RI_1 (SCON1.0);

SCON1 | TI1 or RI1 from Serial Port 1 3Bh 7 T/ 1 (SCONL.1) ES1 (IE.6) PS1 (IP.6)
INT2 External Interrupt 2 43h 8 IE2 (EXIF.4) EX2 (EIE.O) PX2 (EIP.0)
INT3 External Interrupt 3 4Bh 9 IE3 (EXIF.5) EX3 (EIE.1) PX3 (EIP.1)
INT4 External Interrupt 4 53h 10 IE4 (EXIF.6) EX4 (EIE.2) PX4 (EIP.2)
INT5 External Interrupt 5 5Bh 11 IE5 (EXIF.7) EX5 (EIE.3) PX5 (EIP.3)
COI CANO Interrupt 6Bh 12 various COIE (EIE.6) COIP (EIP.6)
Cll CAN1 Interrupt 73h 13 various C1IE (EIE.5) C1lIP (EIP.5)

WDTI Watchdog Timer 63h 14 WDIF (WDCON.3) EWDI (EIE.4) PWDI (EIP.4)

CANBUS CANO/1 Bus Activity 7Bh 15 various CANBIE (EIE.7) | CANBIP (EIP.7)

Unless marked, all flags must be cleared by the application software.

*Cleared automatically by hardware when the service routine is entered.

**|f edge-triggered, flag is cleared automatically by hardware when the service routine is entered. If level-triggered, flag follows the state of the
interrupt pin.

CONTROLLER AREA NETWORK (CAN) MODULE

The DS80C390 incorporates two CAN controllers that are fully compliant with the CAN 2.0B specification. CAN is a
highly robust, high-performance communication protocol for serial communications. Popular in a wide range of
applications including automotive, medical, heating, ventilation, and industrial control, the CAN architecture allows
for the construction of sophisticated networks with a minimum of external hardware.

The CAN controllers support the use of 11-bit standard or 29-bit extended acceptance identifiers for up to 15
messages, with the standard 8-byte data field, in each message. Fourteen of the 15 message centers are
programmable in either transmit or receive modes, with the 15th designated as a FIFO-buffered, receive-only
message center to help prevent data overruns. All message centers support two separate 8-bit media masks and
media arbitration fields for incoming message verification. This feature supports the use of higher-level 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 test incoming data with or without the
use of the global masks.

Global controls and status registers in each CAN unit allow the microcontroller to evaluate error messages,
generate interrupts, locate and validate new data, establish the CAN bus timing, establish identification mask bits,
and verify the source of individual messages. Each message center is individually equipped with the necessary
status and control bits to establish direction, identification mode (standard or extended), data field size, data status,
automatic remote frame request and acknowledgment, and perform masked or non-masked identification
acceptance testing.
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COMMUNICATING WITH THE CAN MODULE

The microcontroller interface to the CAN modules is divided into two groups of registers. All the global CAN status
and control bits as well as the individual message center control/status registers are located in the SFR map. The
remaining registers associated with the message centers (data identification, identification/arbitration masks,
format, and data) are located in MOVX data space. The CMA bit (MCON.5) allows the message centers to be
mapped to either 0OOEEOOh—O0EEFFh (CMA = 0) or 401000h—4011FFh (CMA = 1), reducing the possibility of a
memory conflict with application software. Note that setting the CMA bit employs a special 23rd address bit that is
only used for addressing CAN MOVX memory. The DS80C390’s internal architecture requires that the device be in
one of the two 22-bit addressing modes when the CMA bit is set to correctly use the 23rd bit and access the CAN
MOVX memory. A special lockout feature prevents the accidental software corruption of the control, status, and
mask registers while a CAN operation is in progress. Each CAN processor uses 15 message centers. Each
message center is composed of four specific areas, including the following:

1) Four arbitration registers (COMxXAR0-3 and C1MxARO0-3) that store either the 11-bit or 29-bit arbitration value.
These registers are located in the MOVX memory map.

2) A format register (COMxF and C1MxF) that informs the CAN processor as to the direction (transmit or receive),
the number of data bytes in the message, the identification format (standard or extended), and the optional use
of the identification mask or media mask during message evaluation. This register is located in the MOVX
memory map.

3) Eight data bytes for storage of 0 to 8 bytes of data (COMxDO0-7 and C1MxD0-7), which are located in the
MOVX memory map.

4) Message control registers (COMxC and C1MxC), which are located in the SFR memory for fast access.

Each of the message centers is identical with the exception of message center 15. Message center 15 has been
designed as a receive-only center, and is also buffered through the use of a two-message FIFO to help prevent
message loss in a message-overrun situation. The receipt of a third message before either of the first two are read
will overwrite the second message, leaving the first message undisturbed.

Modification of the CAN registers located in MOVX memory is protected through the SWINT bits, with one bit
protecting each respective CAN module. Consult the description of this bit in the High-Speed Microcontroller User’s
Guide: DS80C390 Supplement for more information. Each CAN module contains a block of control/status/mask
registers, 14 functionally identical message centers, plus a 15th message center that is receive-only and
incorporates a buffered FIFO. The following tables describe the organization of the message centers located in
MOVX space.
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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 MIDO7 MID06 MIDO5 MID04 MIDO3 MID02 MIDO1 MIDOO Xxxx00h
COMAO MOAA7 | MOAAG6 | MOAA5 | MOAA4 | MOAA3 | MOAA2 | MOAALl | MOAAO XxXxx01h
CoMID1 MID17 MID16 MID15 MID14 MID13 MID12 MID11 MID10 xxxx02h
COMA1 M1AA7 | M1AA6 | M1AA5 | M1AA4 | M1AA3 | M1AA2 | M1AAl | M1AAQ Xxxx03h
COBTO SJw1 SJWO0 BPR5 BPR4 BPR3 BPR2 BPR1 BPRO Xxxx04h
COBT1 SMP TSEG26 | TSEG25 | TSEG24 | TSEG13 | TSEG12 | TSEG11 | TSEG10 Xxxx05h
COSGMO ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21 Xxxx06h
COSGM1 ID20 ID19 ID18 0 0 0 0 0 Xxxx07h
COEGMO ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21 Xxxx08h
COEGM1 ID20 ID19 ID18 ID17 ID16 ID15 ID14 ID13 Xxxx09h
COEGM2 ID12 ID11 ID10 ID9 ID8 ID7 ID6 ID5 Xxxx0Ah
COEGM3 ID4 ID3 ID2 ID1 IDO 0 0 0 Xxxx0Bh
COM15M0 ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21 XXXX0Ch
COoM15M1 ID20 ID19 ID18 ID17 ID16 ID15 ID14 ID13 XXxx0Dh
COM15M2 ID12 ID11 ID10 ID9 ID8 ID7 ID6 ID5 XXxX0Eh
COM15M3 ID4 ID3 ID2 ID1 IDO 0 0 0 XXxx0Fh

CAN 0 MESSAGE CENTER 1

Reserved xxxx10h—11h
COM1ARO CAN 0 MESSAGE 1 ARBITRATION REGISTER 0 xxxx12h
COM1AR1 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
COM1F DTBYC3 | DTBYC2 [ DTBYC1 | DTBYCO | T/R | EX/ST | MEME | MDME XXxx16h

COM1DO-7 CAN 0 MESSAGE 1 DATA BYTES 0-7 xxxx17h—1Eh
Reserved XXxx1Fh

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) xxxxBOh—BFh

MESSAGE CENTER 12 REGISTERS (similar to Message Center 1) XXxXxCOh—CFh

MESSAGE CENTER 13 REGISTERS (similar to Message Center 1) xxxxDOh—DFh

MESSAGE CENTER 14 REGISTERS (similar to Message Center 1) XXXXEOh—EFh

CAN 0 MESSAGE CENTER 15

— Reserved XxxXXFOh—F1h
COM15AR0 CAN 0 MESSAGE 15 ARBITRATION REGISTER 0 XXxxXF2h
COM15AR1 CAN 0 MESSAGE 15 ARBITRATION REGISTER 1 xxxxF3h
COM15AR2 CAN 0 MESSAGE 15 ARBITRATION REGISTER 2 XxxxF4h
COM15AR3 CAN 0 MESSAGE 15 ARBITRATION REGISTER 3 WTOE XXXXF5h
COM15F DTBYC3 [ DTBYC2 | DTBYC1 | DTBYCO| 0 | EX/ST | MEME | MDME XXXXF6h

%00%1155%07_ CAN 0 MESSAGE 15 DATA BYTE 0-7 XXXXF7h—FEh
Reserved XXXXFFh

“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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CAN INTERRUPTS

The DS80C390 supports three interrupts associated with the CAN controllers. One interrupt is dedicated to each
CAN controller, providing receive/transmit acknowledgments from each of its 15 message centers. The remaining
interrupt, the CAN bus activity interrupt, is used to detect CAN bus activity on the CORX or C1RX pins.

The message center interrupts are enabled/disabled by individual ETI (transmit) and ERI (receive) enable bits in
the corresponding message control register (located in SFR memory) for each message center. All the message
center interrupts of each CAN module are ORed together into their respective CAN interrupt. The successful
transmission or receipt of a message sets the INTRQ bit in the corresponding message control register (located in
SFR memory). This bit can only be cleared through software. In addition, the global interrupt-enable bit (IE.7) and
the specific CAN interrupt-enable bit, EIE.6 (CANO) or EIE.5 (CAN1), must be correctly set to acknowledge a
message center interrupt.

Interrupt assertion of error and status conditions associated with the CAN modules is controlled by the ERIE and
STIE bits located in the CAN control registers, COC and C1C.

ARBITRATION AND MASKING

After a CAN module has ascertained that an incoming message is bit-error-free, the identification field of that
message is then compared against one or more arbitration values to determine if they will be loaded into a
message center. Each enabled message center (see the MSRDY bit in the CAN Message Control Register) is
tested in order from 1 to 15. The first message center to successfully pass the test receives the incoming message
and ends the testing. Using masking registers allows the use of more complex identification schemes, as tests can
be made based on bit patterns rather than an exact match between all bits in the identification field and arbitration
values. Each CAN processor also incorporates a set of five masks to allow messages with different IDs to be
grouped and successfully loaded into a message center. Note that some of these masks are optional as per the
bits shown in the Arbitration/Masking Feature Summary table (Table 14).

There are several possible arbitration tests, varying according to which message center is involved. If all the
enabled tests succeed, the message is loaded into the respective message center. The most basic test, performed
on all messages, compares either 11 (CAN 2.0A) or 29 (CAN 2.0B) bits of the identification field to the appropriate
arbitration register, based on the EX/ST bit in the CAN 0/1 format register. The MEME bit (COMxF.1 or C1MxF.1)
controls whether the arbitration and ID registers are compared directly or through a mask register. A special set of
arbitration registers dedicated to message center 15 allows added flexibility in filtering this location.

If desired, further arbitration can be performed by comparing the first two bytes of the data field in each message
against two 8-bit media arbitration register bytes. The MDME bit in the CAN message center format registers
(COMXxF.0 or C1MxF.0) either disables (MDME = 0) arbitration, or enables (MDME = 1) arbitration using the media
ID mask registers 0-1.

If the 11-bit or 29-bit arbitration and the optional media-byte arbitration are successful, the message is loaded into
the respective message center. The format register also allows the microcontroller to program each message
center to function in a receive or transmit mode through the T/R bit, and to use from 0 to 8 data bytes within the
data field of a message. Note that message center 15 can only be used in a receive mode. To avoid a priority
inversion, the DS80C390 CAN processors 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.

49 of 54



DS80C390 Dual CAN High-Speed Microprocessor

Table 14. Arbitration/Masking Feature Summary

TEST NAME

ARBITRATION
REGISTERS

MASK REGISTERS

CONTROL BITS AND CONDITIONS

Standard 11-Bit
Arbitration (CAN
2.0A)

Message Center
Arbitration Registers 0—1
(Located in each
Message Center, MOVX
memory)

Standard Global Mask
Registers 0-1
(Located in each CAN
Control/Status/Mask
Register bank, MOVX
memory)

EX/IST=0

MEME = 0: Mask register ignored. ID and
arbitration register must match exactly.

MEME = 1: Only bits corresponding to 1 in mask
register are compared in ID and arbitration
registers.

Extended 29-Bit
Arbitration (CAN

Message Center
Arbitration Registers 0—3
(Located in each

Extended Global Mask
Registers 0-3
(Located in each CAN

EX/IST=1
MEME = 0: Mask register ignored. ID and
arbitration register must match exactly.

Control/Status/Mask MEME = 1: Only bits corresponding to 1 in mask
2.0) Message Center, MOVX Register bank, MOVX register are compared in ID and arbitration
memory) .
memory) registers.
MEd'af Arbitration Media ID Mask Registers MDME = 0: Media byte arbitration disabled.
Registers 0-3 0-1 MDME = 1: Only bits corresponding to 1 in
Media Byte (Located in each CAN (Located in each CAN S y bt P 9
o Media ID mask register are compared between
Arbitration Control/Status/Mask Control/Status/Mask data bvtes 1 and 2 and Media arbitration
Register bank, MOVX Register bank, MOVX a Dy
registers.
memory) memory)

Message Center
15, Standard
11-Bit Arbitration
(CAN 2.0A)

Message Center 15
Arbitration Registers 0—1
(Located in Message
Center 15, MOVX
memory)

Message Center 15 Mask
Registers 0-1
(Located in each CAN
Control/Status/Mask
Register bank, MOVX
memory)

EX/IST=0

MEME = 0: Mask register ignored. ID and
arbitration register must match exactly.

MEME = 1: Message center 15 mask registers
are ANDed with Global Mask register. Only bits
corresponding to 1 in resulting value are
compared in ID and arbitration registers.

Message Center
15, Extended
29-Bit Arbitration
(CAN 2.0B)

Message Center 15
Arbitration Registers 0—3
(Located in Message
Center 15, MOVX
memory)

Message Center 15 Mask
Registers 0-3
(Located in each CAN
Control/Status/Mask
Register bank, MOVX
memory)

EX/IST=1

MEME = 0: Mask register ignored. ID and
arbitration register must match exactly.

MEME = 1: Message center 15 mask registers
are ANDed with Global Mask register. Only bits
corresponding to 1 in resulting value are
compared in ID and arbitration registers.
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