National Semiconductor

COP884BC/COP885BC

8-Bit CMOS ROM Based Microcontrollers with 2k
Memory, Comparators, and CAN Interface

General Description

The COP884BC ROM based microcontrollers are highly in-
tegrated COP8™ Feature core devices with 2k memory and
advanced features including a CAN 2.0B (passive) interface
and two Analog comparators. These single-chip CMOS de-
vices are suited for applications requiring a full featured con-
troller with a CAN interface, low EMI, and an 8-bit 39 kHz
PWM timer. COP87L84BC devices are pin and software
compatible 16k OTP (One Time Programmable) versions for
pre-production, and for use with a range of COP8 software
and hardware development tools.

September 1999

Features include an 8-bit memory mapped architecture, 10
MHz CKI (crystal osc) with 1ps instruction cycle, one multi-
function 16-bit timer/counter, 8-bit 39 kHz PWM timer with 2
outputs, CAN 2.0B (passive) interface, MICROWIRE/
PLUS™ serial 1/0, two Analog comparators, two power sav-
ing HALT/IDLE modes, idle timer, MIWU, software selectable
1/0O options, Power on Reset, low EMI 4.5V to 5.5V opera-
tion, and 20/28 pin packages.

Note: A companion device with CAN interface, more /O and
memory, A/D, and USART is the COP888EB.

Devices included in this datasheet are:

Device Memory (bytes) RAM (bytes) 1/0 Pins Packages Temperature
COP684BC 2k ROM 64 18 28 SOIC -55 to +125°C
COP884BC 2k ROM 64 18 28 SOIC -40 to +85°C
COP685BC 2k ROM 64 10 20 SOIC -55 to +125°C
COP885BC 2k ROM 64 10 20 soIC -40 to +85°C

Key Features

CAN 2.0B (passive) Interface

Power On Reset (selectable)

One 16-bit timer, with two 16-bit registers supporting:
— Processor Independent PWM mode

— External Event counter mode

— Input Capture mode

High speed, constant resolution 8-bit PWM/frequency
monitor timer with 2 output pins

2048 bytes on-board ROM

64 bytes on-board RAM

Additional Peripheral Features

m |dle Timer

® Multi-Input Wake Up (MIWU) with optional interrupts (7)
m Two analog comparators

® MICROWIRE/PLUS serial /0O

I/0 Features

® Memory mapped I/O

m Software selectable I/O options (TRI-STATE® Output,
Push-Pull Output, Weak Pull-Up Input, High Impedance
Input)

m Schmitt trigger inputs on ports G and L

m Packages: 28 SO with 18 I/O pins and 20 SO with 10
1/0 pins

CPU/Instruction Set Features

m 1 pys instruction cycle time

m Eleven multi-source vectored interrupts servicing
— External Interrupt

— Idle Timer TO

— Timer T1 (with 2 Interrupts)

— MICROWIRE/PLUS

— Multi-Input Wake Up

— Software Trap

— PWM Timer

— CAN Interface (with 3 interrupts)

Versatile and easy to use instruction set

8-bit Stack Pointer (SP)— stack in RAM

Two 8-bit Register Indirect Data Memory Pointers
(B and X)

Fully Static CMOS

® Two power saving modes: HALT and IDLE

Low current drain (typically <1 pA)

Single supply operation: 4.5V-5.5V

Temperature ranges: —-40°C to +85°C, -55°C to +125°C

Development Support

® Emulation and OTP devices

m Real time emulation and full program debug offered by
MetaLink Development Systems

CcopP8™, and MICROWIRE/PLUS™ are trademarks of National Semiconductor Corporation.

TRI-STATE® is a registered trademark of National Semiconductor Corporation.
iceMASTER® is a registered trademark of MetaLink Corporation.

© 1999 National Semiconductor Corporation DS012067
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Block Diagram
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FIGURE 1. Block Diagram
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Connection Diagrams Pinouts for 28-SO Package

Port i 20-Pin |28-Pin
_ Type Alt. Function
64/s0—1 28}—63/T1A Pin SO SO
65/5Kk— 2 27}—c2/718 GO /10 |INTR 17 25
66/51— 3 26k=61 Gl 110 18 26
67/cko— 4 2560 /INT G2 o |T1B 19 27
cki s 24-Reser G3 110 |T1A 20 28
Ve s 23 )—ono G4 o |so 1 1
LO/CMP1IN+=—] 7 28 pin  221—p3 G5 /o |sK 2 2
L1/cMPTIN- —{ 8 Y] S Gé LS 3 3
L2/cMPiouT—{ 8 20}-p1 G I _|CKo 4 4
L3/cup2iN-—] 10 I Lo /0 | CMPLIN+/MIWU 7
La/cmpaine— 11 18| Vegr L1 /O | CMP1IN-/MIWU 8
L5/CMP2IN-/PWM1— 12 17}=Rrx0 L2 I/0 | CMP1OUT/MIWU 9
Lp?\m%?gﬂﬁ— 13 16k=rx1 L3 I/0 | CMP2IN-/MIWU 10
1=l 14 15=Tx0 L4 110 | CMP2IN+/MIWU 7 11
L5 1/10 | CMP2IN-/PWM1/MIWU 8 12
DS012067-2
Top View L6 1/10 | CMP20OUT/PWMO/ o 13
Order Number COP884BC-xxx/WM or CAPTIN/MIWU

COP684BC-xxx/WM DO (e} 19
See NS Package Number M28B D1 o 20
D2 (e} 21
64/s0—1 ~ 20}—63/T1A D3 o 22
65/sKk— 2 19}—G2/118 CAN Vier 14 18
os/s1 3 rab—ci CANTX0 | O 11 | 15
67/cKo— 4 17}=G0/INT CANTx1 | O 10 14
ckiods 20 pin  16p-RESE CANRXO | | |MIWU (Note 1) 13 | 17
e SO 1sl—ond CANRxL| | |MwWU 12 | 16
L4/CMP2IN+— 7 14 | Vor Vee 6 6
L5/CMP2IN-/PWM1—| 8 13 }—Rrx0 GND 15 23
L6/cMP20UT/ ] o 12 =rx1 CKI | 5 5
PWMO/CAPTT:— 10 11f=Tx0 RESET | 16 24

Note 1: The MIWU function for the CAN interface is internal (see CAN inter-

DS012067-76 face block diagram)

Top View
Order Number COP885BC-xxx/WM or
COP685BC-xxx/WM
See NS Package Number M20B

FIGURE 2. Connection Diagrams
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Supply Voltage (Vcc)
Voltage at Any Pin

—40°C < T, < +85°C

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 2)

6V
-0.3V to Ve +0.3V

DC Electrical Characteristics COP884BC:

Total Current into V¢ Pin (Source) 90 mA
Total Current out of GND Pin (Sink) 100 mA
Storage Temperature Range -65°C to +150°C

Note 2: Absolute maximum ratings indicate limits beyond which damage to
the device may occur. DC and AC electrical specifications are not ensured
when operating the device at absolute maximum ratings.

Parameter Conditions Min Typ Max Units
Operating Voltage 4.5 5.5 \%
Power Supply Ripple (Note 3) Peak-to-Peak 0.1 Ve \%
Supply Current
CKI = 10 MHz (Note 4) Vee = 5.5V, t, =1 s 15 mA
HALT Current (Notes 5, 6) Vee = 5.5V, CKI = 0 MHz
Power-On Reset Enabled <300 480 MA
Power-On Reset Disabled <250 380 HA
IDLE Current (Note 6)
CKI = 10 MHz Vee =55V, t, =1 s 55 mA
Input Levels (V,y, V,)
Reset, CKI
Logic High 0.8 Ve \%
Logic Low 0.2 Ve \%
All Other Inputs
Logic High 0.7 Ve \%
Logic Low 0.2 Vee \%
Hi-Z Input Leakage Vee = 5.5V +2 HA
Input Pull-up Current Vee = 5.5V, Vi =0V -40 -250 HA
G and L Port Input Hysteresis (Notes 9, 10) 0.05 Ve \%
Output Current Levels D Outputs
Source Vee = 4.5V, Vo = 3.3V -0.4 mA
Sink Vee = 4.5V, Vg, = 1.0V 10 mA
Comparator Output (L2, L6)
Source (Push-Pull) Vee = 4.5V, Vg = 3.3V -1.6 mA
Sink (Push-Pull) Vee = 4.5V, Vo, = 0.4V 1.6 mA
CAN Transmitter Outputs
Source (Tx1) Vee = 4.5V, Vo = Vee - 0.1V -1.5 mA
Vee = 4.5V, Vo = Vee - 0.6V -10 mA
Sink (Tx0) Vee = 4.5V, Vg, = 0.1V 15 mA
Ve = 4.5V, Vg, = 0.6V 10 mA
All Others
Source (Weak Pull-Up) Vee = 4.5V, Vg = 2.7V -10 -110 pA
Source (Push-Pull) Vee = 4.5V, Vg = 3.3V -0.4 mA
Sink (Push-Pull) Ve = 4.5V, Vg, = 0.4V 1.6 mA
TRI-STATE Leakage Vee = 5.5V +2.0 HA
Allowable Sink/Source Current per
Pin
D Outputs (Sink) 15 mA
TxO0 (Sink) (Note 10) 30 mA
Tx1 (Source) (Note 10) 30 mA
All Other 3 mA
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DC Electrical Characteristics COP884BC:  (continued)
-40°C < T, < +85°C
Parameter Conditions Min Typ Max Units

Maximum Input Current
without Latchup (Notes 8, 10) Room Temp +100 mA
RAM Retention Voltage, V, (Note 9) 500 ns Rise and Fall Time 2.0 \Y
Input Capacitance (Note 10) 7 pF
Load Capacitance on D2 1000 pF

Note 3: Maximum rate of voltage change must be less than 0.5 V/ims

Note 4: Supply current is measured after running 2000 cycles with a square wave CKI input, CKO open, inputs at Vo or GND, and outputs open.

Note 5: The HALT mode will stop CKI from oscillating in the Crystal configurations. Halt test conditions: All inputs tied to Vc; L, and G port I/Os configured as outputs
and programmed low; D outputs programmed low. Parameter refers to HALT mode entered via setting bit 7 of the G Port data register. Part will pull up CKI during

HALT in crystal clock mode.

Note 6: HALT and IDLE current specifications assume CAN block and comparators are disabled.

www.national.com



Supply Voltage (Vcc)
Voltage at Any Pin

-55°C < T, < +125°C

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 7)

v
-0.3V to Ve +0.3V

DC Electrical Characteristics COP684BC:

Total Current into V¢ Pin (Source)
Total Current out of GND Pin (Sink) 110 mA
Storage Temperature Range -65°C to +150°C

Note 7: Absolute maximum ratings indicate limits beyond which damage to
the device may occur. DC and AC electrical specifications are not ensured
when operating the device at absolute maximum ratings.

100 mA

Parameter Conditions Min Typ Max Units
Operating Voltage 4.5 5.5 \%
Power Supply Ripple (Note 3) Peak-to-Peak 0.1 Ve \%
Supply Current
CKI = 10 MHz (Note 4) Vee = 5.5V, t, =1 s 15 mA
HALT Current (Notes 5, 6) Vee = 5.5V, CKI = 0 MHz
Power-On Reset Enabled <300 480 MA
Power-On Reset Disabled <250 380 HA
IDLE Current (Note 6)
CKI = 10 MHz Vee =55V, t, =1 s 55 mA
Input Levels (V,y, V,)
Reset, CKI
Logic High 0.8 Ve \%
Logic Low 0.2 Ve \%
All Other Inputs
Logic High 0.7 Ve \%
Logic Low 0.2 Vee \%
Hi-Z Input Leakage Vee = 5.5V +5 HA
Input Pull-up Current Vee = 5.5V, Vi =0V -35 -250 HA
G and L Port Input Hysteresis (Note 9) 0.05 Ve \%
Output Current Levels D Outputs
Source Vee = 4.5V, Vo = 3.3V -0.4 mA
Sink Vee = 4.5V, Vg, = 1.0V 9.0 mA
Comparator Output (L2, L6)
Source (Push-Pull) Vee = 4.5V, Vg = 3.3V -1.6 mA
Sink (Push-Pull) Vee = 4.5V, Vo, = 0.4V 1.6 mA
CAN Transmitter Outputs
Source (Tx1) Vee = 4.5V, Vo = Vee - 0.1V -1.5 mA
Vee = 4.5V, Vo = Vee - 0.6V -10 mA
Sink (Tx0) Vee = 4.5V, Vg, = 0.1V 15 mA
Ve = 4.5V, Vg, = 0.6V 10 mA
All Others
Source (Weak Pull-Up) Vee = 4.5V, Vg = 2.7V -9.0 -100 HA
Source (Push-Pull) Vee = 4.5V, Vg = 3.3V -0.4 mA
Sink (Push-Pull) Ve = 4.5V, Vg, = 0.4V 1.4 mA
TRI-STATE Leakage Vee = 5.5V +5.0 HA
Allowable Sink/Source Current per
Pin
D Outputs (Sink) 12 mA
TxO0 (Sink) (Note 10) 30 mA
Tx1 (Source) (Note 10) 30 mA
All Other 25 mA
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DC Electrical Characteristics COP684BC:  (continued)

-55°C < To < +125°C

Parameter Conditions Min Typ Max Units
Maximum Input Current
without Latchup (Notes 8, 10) Room Temp +100 mA
RAM Retention Voltage, V, (Note 9) 500 ns Rise and Fall Time 2.0 \Y
Input Capacitance (Note 10) 7 pF
Load Capacitance on D2 1000 pF

Note 8: Pins G6 and RESET are designed with a high voltage input network. These pins allow input voltages greater than V¢ and the pins will have sink current
to Ve when biased at voltages greater than V¢ (the pins do not have source current when biased at a voltage below Vc). The effective resistance to Vc is 750Q
(typical). These two pins will not latch up. The voltage at the pins must be limited to less than 14V.

Note 9: Condition and parameter valid only for part in HALT mode.
Note 10: Parameter characterized but not tested.

AC Electrical Characteristics COP684BC and COP884BC:

-55°C < T, < +125°C

Parameter Conditions Min Typ Max Units

Instruction Cycle Time (t.)

Crystal/Resonator Vee 2 4.5V 1.0 DC Hs
Inputs

tseTup Vee 2 4.5V 200 ns

thoLp Vee 2 4.5V 60 ns
PWM Capture Input

tseTup Vee 2 4.5V 30 ns

thoLp Vee 2 4.5V 70 ns
Output Propagation Delay
(tro1» troo) (Note 12) C, =100 pF, R, = 2.2 kQ

SK, SO Vee = 4.5V 0.7 us

PWM Outputs Vee 2 4.5V 75 ns

All Others Vee 2 4.5V 1 us
MICROWIRE

Setup Time (tyws) (Note 13) 20 ns

Hold Time (tywy) (Note 13) 56 ns

Output Prop Delay (typp) 220 ns
Input Pulse Width (Note 14)

Interrupt High Time 1 te

Interrupt Low Time 1 te

Timer 1,2 High Time 1 te

Timer 1,2 Low Time 1 te
Reset Pulse Width (Note 13) 1.0 us
Power Supply Rise Time for Proper 50 ps 256*t,

Operation of On-Chip RESET

Note 11: For device testing purposes of all AC parameters, Voy will be tested at 0.5*V¢c.

Note 12: The output propagation delay is referenced to the end of the instruction cycle where the output change occurs.
Note 13: Parameter not tested.

Note 14: t; = Instruction Cycle Time.
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On-Chip Voltage Reference:
—55°C < T < +125°C

Parameter Conditions Min Max Units
Reference Voltage lout < 80 A, 0.5 Ve —0.12 0.5 V¢ +0.12 \%
Vrer Vee =5V
Reference Supply Current, lout = OA, (No Load) 120 HA
Ioo Vce = 5V (Note 15)
Note 15: Reference supply Ipp is supplied for information purposes only, it is not tested.
Comparator DC/AC Characteristics:
4.5V < Ve <55V, -55°C < T, < +125°C
Parameter Conditions Min Typ Max Units
Input Offset Voltage 0.4V <V < Ve -1.5V +10 +25 mvV
Input Common Mode Voltage Range 0.4 Vee -1.5 \
Voltage Gain 300k VIV
Outputs Sink/Source See 1/O-Port DC Specifications
DC Supply Current (when enabled) Vee = 6.0V 250 HA
Response Time TBD mV Step, TBD mV Overdrive, 1 us
100 pF Load
CAN Comparator DC and AC Characteristics:
4.8V < Ve £5.2V, -40°C < T, < +125°C
Parameters Conditions Min  Typ Max Units
Differential Input Voltage +25 mV
Input Offset Voltage 1.5V < V|y < Ve - 1.5V +10 mvV
Input Common Mode Voltage Range 15 Vee - 15 \
Input Hysteresis 8 mV

tupp

SO

DS012067-3

FIGURE 3. MICROWIRE/PLUS Timing Diagram
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DS012067-4

FIGURE 4. PWM/CAPTURE Timer
Input/Output Timing Diagram
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Typical Performance Characteristics
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-55°C < T, < +125°C

Port D Sink Current
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Typical Performance Characteristics

Idle Ipp VS Ve
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DS012067-47

Pin Descriptions
Ve and GND are the power supply pins.

CKl is the clock input. The clock can come from a crystal os-
cillator (in conjunction with CKO). See Oscillator Description
section.

RESET is the master reset input. See Reset Description sec-
tion.

The device contains one bidirectional 8-bit 1/0 port (G), and
one 7-bit bidirectional I/0 port (L) where each individual bit
may be independently configured as an input (Schmitt trig-
ger inputs on ports G and L), output or TRI-STATE® under
program control. Three data memory address locations are
allocated for each of these 1/O ports. Each I/O port has two
associated 8-bit memory mapped registers, the CONFIGU-
RATION register and the output DATA register. A memory
mapped address is also reserved for the input pins of each
1/0 port. (See the memory map for the various addresses as-
sociated with the 1/O ports.) Figure 5 shows the I/O port con-
figurations for the device. The DATA and CONFIGURATION
registers allow for each port bit to be individually configured
under software control as shown below:

—55°C < T, < +125°C (Continued)

Halt Supply Current

200 =1
Temp = +125°C’,»”
J,« +7
150 —— e
— < |
E 'l, /(3‘.)02 e /
| ’
g 100 7T
, e,
2 1 +25°C
-, emp =
50 b7 Laat P
=
0
25 3 35 4 45 5 55 6
Vee (V)
DS012067-46
CAN Tx1 Source Current
120
Feo
~
100 - n skC .
Steel \vcc = 5.5V
~~ 80 ~ ~
~
ff:_ \ ~ | \\
60 Y
3 Vee = 4.5v\ AN
) . NN
40 } }
Vee = 5.0V NN
20 A5
| A\
Ao
0
0 1 2 3 4 5
Vou (V)
DS012067-48
Configuration Data
K i Port Set-Up
Register Register
0 0 Hi-Z Input (TRI-STATE
Output)
0 1 Input with Weak Pull-Up
1 0 Push-Pull Zero Output
1 1 Push-Pull One Output

PORT L is a 7-bit I/O port. All L-pins have Schmitt triggers on
the inputs.

Port L supports Multi-input Wake Up (MIWU) on all seven
pins.

Port L has the following alternate features:

L6 MIWU or CMP20OUT or PWMO or CAPTIN

L5 MIWU or CMP2IN- or PWM1

L4 MIWU or CMP2IN+

L3 MIWU or CMP2IN-

L2 MIWU or CMP10OUT

L1 MIWU or CMP1IN-

LO MIWU or CMP1IN+

Port G is an 8-bit port with 5 1/0O pins (GO—G5), an input pin
(G6), and one dedicated output pin (G7). Pins GO-G6 all

have Schmitt Triggers on their inputs. G7 serves as the dedi-
cated output pin for the CKO clock output. There are two reg-
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Pin Descriptions

isters associated with the G Port, a data register and a con-
figuration register. Therefore, each of the 6 1/O bits (G0O—G5)
can be individually configured under software control.
Since G6 is an input only pin and G7 is the dedicated CKO
clock output pin the associated bits in the data and configu-
ration registers for G6 and G7 are used for special purpose
functions as outlined below. Reading the G6 and G7 data
bits will return zeroes.

Note that the chip will be placed in the HALT mode by writing
a “1” to bit 7 of the Port G Data Register. Similarly the chip
will be placed in the IDLE mode by writing a “1” to bit 6 of the
Port G Data Register.

Writing a “1” to bit 6 of the Port G Configuration Register en-
ables the MICROWIRE/PLUS to operate with the alternate
phase of the SK clock.

(Continued)

Config. Register Data Register
G7 HALT
G6 Alternate SK IDLE
CAN pins: For the on-chip CAN interface this device has five
dedicated pins with the following features:

Vree On-chip reference voltage with the value of Vc/2
Rx0  CAN receive data input pin.

Rx1  CAN receive data input pin.

Tx0 CAN transmit data output pin. This pin may be put in
the TRI-STATE mode with the TXENO bit in the CAN
Bus control register.

Tx1 CAN transmit data output pin. This pin may be put in
the TRI-STATE mode with the TXENL1 bit in the CAN
Bus control register.

Port G has the following alternate features:
G6 Sl (MICROWIRE Serial Data Input)
G5 SK (MICROWIRE Serial Clock)

G4 SO (MICROWIRE Serial Data Output)
G3 T1A (Timer T1 I/O)

G2 T1B (Timer T1 Capture Input)

GO INTR (External Interrupt Input)

Port G has the following dedicated function:
G7 CKO Oscillator dedicated output

Port D is a 4-bit output port that is preset high when RESET
goes low. The user can tie two or more D port outputs (ex-
cept D2) together in order to get a higher drive.

Note: Care must be exercised with the D2 pin operation. At RESET, the ex-
ternal loads on this pin must ensure that the output voltages stay
above 0.8 V¢ to prevent the chip from entering special modes. Also
keep the external loading on D2 to less than 1000 pF.

PORT L AND G
I PIN
DATA
™ recisTer I >
|l
N
T
E »
R CONFIGURATION
N REGISTER
A
L ¢
B |
v PIN
s | port D DATA
™  recisTer

DS012067-5

FIGURE 5. I/0O Port Configurations

Functional Description

The architecture of the device utilizes a modified Harvard ar-
chitecture. With the Harvard architecture, the control store
program memory (ROM) is separated from the data store
memory (RAM). Both ROM and RAM have their own sepa-
rate addressing space with separate address buses. The ar-
chitecture, though based on Harvard architecture, permits
transfer of data from ROM to RAM.

CPU REGISTERS

The CPU can do an 8-bit addition, subtraction, logical or shift
operation in one instruction (t.) cycle time.

There are five CPU registers:

A'is the 8-bit Accumulator Register

PC is the 15-bit Program Counter Register

PU is the upper 7 bits of the program counter (PC)
PL is the lower 8 bits of the program counter (PC)

B is an 8-bit RAM address pointer, which can be optionally
post auto incremented or decremented.

X is an 8-hit alternate RAM address pointer, which can be
optionally post auto incremented or decremented.

SP is the 8-bit stack pointer, which points to the subroutine/
interrupt stack (in RAM). The SP is initialized to RAM ad-
dress 02F with reset.

All the CPU registers are memory mapped with the excep-
tion of the Accumulator (A) and the Program Counter (PC).

PROGRAM MEMORY

Program memory for the device consists of 2048 bytes of
ROM. These bytes may hold program instructions or con-
stant data (data tables tor the LAID instruction, jump vectors
for the JID instruction, and interrupt vectors for the VIS in-
struction). The program memory is addressed by the 15-bit
program counter (PC). All interrupts in the device vector to
program memory location OFF Hex.

DATA MEMORY

The data memory address space includes the on-chip RAM
and data registers, the 1/0 registers (Configuration, Data and
Pin), the control registers, the MICROWIRE/PLUS SIO shift
register, and the various registers, and counters associated
with the timers (with the exception of the IDLE timer). Data
memory is addressed directly by the instruction or indirectly
by the B, X and SP pointers.
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Functional Description

The device has 64 bytes of RAM. Sixteen bytes of RAM are
mapped as “registers” at addresses OF0 to OFF Hex. These
registers can be loaded immediately, and also decremented
and tested with the DRSZ (decrement register and skip if
zero) instruction. The memory pointer registers X, SP, and B
are memory mapped into this space at address locations
OFC to OFE Hex respectively, with the other registers (other
than reserved register OFF) being available for general us-
age.

The instruction set permits any bit in memory to be set, reset
or tested. All /O and registers (except A and PC) are
memory mapped; therefore, I/O bits and register bits can be
directly and individually set, reset and tested. The accumula-
tor (A) bits can also be directly and individually tested.

Note: RAM contents are undefined upon power-up.

(Continued)

RESET

The RESET input when pulled low initializes the microcon-
troller. Initialization will occur whenever the RESET input is
pulled low. Upon initialization, the data and configuration
registers for Ports L and G, are cleared, resulting in these
Ports being initialized to the TRI-STATE mode. Port D is ini-
tialized high with RESET. The PC, PSW, CNTRL, and ICN-
TRL control registers are cleared. The Multi-Input Wake Up
registers WKEN, WKEDG, and WKPND are cleared. The
Stack Pointer, SP, is initialized to 02F Hex.

The following initializations occur with RESET:
Port L: TRI-STATE
Port G: TRI-STATE
Port D: HIGH
PC: CLEARED
PSW, CNTRL and ICNTRL registers: CLEARED
Accumulator and Timer 1:
RANDOM after RESET with power already applied
RANDOM after RESET at power-on
SP (Stack Pointer): Loaded with 2F Hex
CMPSL (Comparator control register): CLEARED
PWMCON (PWM control register): CLEARED
B and X Pointers:
UNAFFECTED after RESET with power already applied
RANDOM after RESET at power-up
RAM:
UNAFFECTED after RESET with power already applied
RANDOM after RESET at power-up
CAN:

The CAN Interface comes out of external reset in the
“error-active” state and waits until the user’'s software
sets either one or both of the TXENO, TXEN1 bits to “1”.
After that, the device will not start transmission or recep-
tion of a frame until eleven consecutive “recessive” (un-
driven) bits have been received. This is done to ensure
that the output drivers are not enabled during an active
message on the bus.

CSCAL, CTIM, TCNTL, TEC, REC: CLEARED

RTSTAT: CLEARED with the exception of the TBE bit
which is set to 1

RID, RIDL, TID, TDLC: RANDOM

ON-CHIP POWER-ON RESET

The device is designed with an on-chip power-on reset cir-
cuit which will trigger a 256 t. delay as V. rises above the
minimum RAM retention voltage (V,). This delay allows the
oscillator to stabilize before the device exits the reset state.
The contents of data registers and RAM are unknown follow-
ing an on-chip power-on reset. The external reset takes pri-
ority over the on-chip reset and will deactivate the 256 t. de-
lay if in progress.

When using external reset, the external RC network shown
in Figure 6 should be used to ensure that the RESET pin is
held low until the power supply to the chip stabilizes.
Under no circumstances should the RESET pin be allowed
to float. If the on-chip power-on reset feature is being used,
RESET should be connected directly to V... Be aware of
the Power Supply Rise Time requirements specified in the
DC Specifications Table. These requirements must be met
for the on-chip power-on reset to function properly.

The on-chip power-on reset circuit may reset the device if
the operating voltage (Vcc) goes below V,.

+ Vee
D
RESET
T |

GND

<rUvUCcw WM=EOT

DS012067-6
RC > 5 x Power Supply Rise Time
FIGURE 6. Recommended Reset Circuit

Oscillator Circuits

The chip can be driven by a clock input on the CKI input pin
which can be between DC and 10 MHz. The CKO output
clock is on pin G7. The CKI input frequency is divided by 10
to produce the instruction cycle clock (1/t.).

Figure 7 shows the Crystal diagram.

kO |

R2 ¢

AA
\ A4

Lo
j::CZ j_:C1

FIGURE 7. Crystal Oscillator Diagram

DS012067-7

CRYSTAL OSCILLATOR

CKIl and CKO can be connected to make a closed loop crys-
tal (or resonator) controlled oscillator.

Table 1 shows the component values required for various
standard crystal values.
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Oscillator Circuits  (continued)
TABLE 1. Crystal Oscillator Configuration, T 5 = 25°C
R1 R2 c1 c2 CKI Freq. »
Conditions
(kQ) | (MQ) | (pF) (PF) (MHz)
0 1 30 30-36 10 Vee = 5V
0 1 30 30-36 4 Vee = 5V
0 1 200 |100-150 0.455 Vee =5V

Control Registers

CNTRL Register (Address X'00EE)

T1c3 | Tac2 | Tict | Tico [ msEL | 1EDG | st1 | sio

Bit 7 Bit 0

The Timerl (T1) and MICROWIRE/PLUS control register
contains the following bits:

T1C3 Timer T1 mode control bit

TiC2 Timer T1 mode control bit

T1C1 Timer T1 mode control bit

T1CO Timer T1 Start/Stop control in timer
modes 1and 2, T1 Underflow Interrupt
Pending Flag in timer mode 3

MSEL Selects G5 and G4 as MICROWIRE/PLUS
signals SK and SO respectively

IEDG External interrupt edge polarity select
(0 = Rising edge, 1 = Falling edge)

SL1 & SLO Select the MICROWIRE/PLUS clock divide

by (00 =2, 01 = 4, 1x = 8)

PSW Register (Address X'00EF)

HC | c | T2PNDA | T1ENA [ EXPND | BUSY | EXEN | GIE
Bit 7 Bit 0
The PSW register contains the following select bits:

HC Half Carry Flag

C Carry Flag

T1PNDA Timer T1 Interrupt Pending Flag (Autoreload
RA in mode 1, T1 Underflow in Mode 2, T1A
capture edge in mode 3)

T1ENA  Timer T1 Interrupt Enable for Timer Underflow
or T1A Input capture edge

EXPND External interrupt pending

BUSY MICROWIRE/PLUS busy shifting flag

EXEN Enable external interrupt

GIE Global interrupt enable (enables interrupts)

The Half-Carry flag is also affected by all the instructions that
affect the Carry flag. The SC (Set Carry) and R/C (Reset
Carry) instructions will respectively set or clear both the carry
flags. In addition to the SC and R/C instructions, ADC,
SUBC, RRC and RLC instructions affect the Carry and Half
Carry flags.

ICNTRL Register (Address X'00E8)

Reserved | LPEN | TOPND | TOEN |uWPND |uWEN |T1PNDB | T1ENB
Bit 7

The ICNTRL register contains the following bits:
Reserved This bit is reserved and should be zero.

LPEN L Port Interrupt Enable (Multi-lnput Wakeup/
Interrupt)

Bit 0

TOPND  Timer TO Interrupt pending

TOEN Timer TO Interrupt Enable (Bit 12 toggle)

UWPND  MICROWIRE/PLUS interrupt pending

HWEN Enable MICROWIRE/PLUS interrupt

T1PNDB Timer T1 Interrupt Pending Flag for T1B cap-
ture edge

T1ENB Timer T1 Interrupt Enable for T1B Input cap-
ture edge

Timers

The device contains a very versatile set of timers (TO, T1,
and an 8-bit PWM timer). All timers and associated
autoreload/capture registers power up containing random
data.

Figure 8 shows a block diagram for timers T1 and TO on the

device.
p—
INSTRUCTION
DR IDLE TIMER TIMER TO
|
N
T
E
R
N
A
T1A TIMER T1 L
b 8
INSTRUCTION U
cLock |, s
118 [X] TIRB
—
DS012067-8

FIGURE 8. Timers T1 and TO

TIMER TO (IDLE TIMER)
The device supports applications that require maintaining
real time and low power with the IDLE mode. This IDLE
mode support is furnished by the IDLE timer TO, which is a
16-bit timer. The Timer TO runs continuously at the fixed rate
of the instruction cycle clock, t.. The user cannot read or
write to the IDLE Timer TO, which is a count down timer.
The Timer TO supports the following functions:
Exit out of the Idle Mode (See Idle Mode description)
Start up delay out of the HALT mode
The IDLE Timer TO can generate an interrupt when the thir-
teenth bit toggles. This toggle is latched into the TOPND
pending flag, and will occur every 4.096 ms at the maximum
clock frequency (t. = 1 ps). A control flag TOEN allows the in-
terrupt from the thirteenth bit of Timer TO to be enabled or
disabled. Setting TOEN will enable the interrupt, while reset-
ting it will disable the interrupt.

TIMER T1

The device has a powerful timer/counter block, T1.

The timer block consists of a 16-bit timer, T1, and two sup-
porting 16-bit autoreload/capture registers, R1A and R1B.
The timer block has two pins associated with it, TIA and
T1B. The pin T1A supports 1/O required by the timer block,
while the pin T1B is an input to the timer block. The powerful
and flexible timer block allows the device to easily perform all
timer functions with minimal software overhead. The timer
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Timers (Continued)

block has three operating modes: Processor Independent
PWM mode, External Event Counter mode, and Input Cap-
ture mode.

The control bits TLC3, T1C2, and T1C1 allow selection of the
different modes of operation.

Mode 1. Processor Independent PWM Mode

As the name suggests, this mode allows the device to gen-
erate a PWM signal with very minimal user intervention.

The user only has to define the parameters of the PWM sig-
nal (ON time and OFF time). Once begun, the timer block will
continuously generate the PWM signal completely indepen-
dent of the microcontroller. The user software services the
timer block only when the PWM parameters require updat-
ing.

In this mode the timer T1 counts down at a fixed rate of t..
Upon every underflow the timer is alternately reloaded with
the contents of supporting registers, R1A and R1B. The very
first underflow of the timer causes the timer to reload from
the register R1A. Subsequent underflows cause the timer to
be reloaded from the registers alternately beginning with the
register R1B.

The T1 Timer control bits, T1C3, T1C2 and T1C1 set up the
timer for PWM mode operation.

Figure 9 shows a block diagram of the timer in PWM mode.
The underflows can be programmed to toggle the T1A output
pin. The underflows can also be programmed to generate
interrupts.

16 BIT AUTO RELOAD REGISTER ‘ '
R1A

|

N

T

E

UNDERFLOW R
l N

A

L

INTERRUPT
DATA |, 16 BIT TIMER/ M

”Ax‘_l Lateh [€ COUNTER
D

INSTRUCTION A
cLock T
A

| 16 BIT AUTO RELOAD REGISTER |H
R1B

TIMER

FIGURE 9. Timer 1 in PWM MODE

Underflows from the timer are alternately latched into two
pending flags, TLIPNDA and T1PNDB. The user must reset
these pending flags under software control. Two control en-
able flags, TLENA and T1ENB, allow the interrupts from the
timer underflow to be enabled or disabled. Setting the timer
enable flag TLENA will cause an interrupt when a timer un-
derflow causes the R1A register to be reloaded into the
timer. Setting the timer enable flag TIENB will cause an in-
terrupt when a timer underflow causes the R1B register to be
reloaded into the timer. Resetting the timer enable flags will
disable the associated interrupts.

Either or both of the timer underflow interrupts may be en-
abled. This gives the user the flexibility of interrupting once
per PWM period on either the rising or falling edge of the
PWM output. Alternatively, the user may choose to interrupt
on both edges of the PWM output.

Mode 2. External Event Counter Mode

This mode is quite similar to the processor independent
PWM mode described above. The main difference is that the
timer, T1, is clocked by the input signal from the T1A pin. The
T1 timer control bits, T1C3, T1C2 and T1C1 allow the timer
to be clocked either on a positive or negative edge from the
T1A pin. Underflows from the timer are latched into the
T1PNDA pending flag. Setting the T1ENA control flag will
cause an interrupt when the timer underflows.

In this mode the input pin T1B can be used as an indepen-
dent positive edge sensitive interrupt input if the TLENB con-
trol flag is set. The occurrence of a positive edge on the T1B
input pin is latched into the TLPNDB flag.

Figure 10 shows a block diagram of the timer in External
Event Counter mode.

Note: The PWM output is not available in this mode since the T1A pin is be-
ing used as the counter input clock.

Mode 3. Input Capture Mode

The device can precisely measure external frequencies or
time external events by placing the timer block, T1, in the in-
put capture mode.

In this mode, the timer T1 is constantly running at the fixed t.
rate. The two registers, R1A and R1B, act as capture regis-
ters. Each register acts in conjunction with a pin. The register
R1A acts in conjunction with the T1A pin and the register
R1B acts in conjunction with the T1B pin.

The timer value gets copied over into the register when a
trigger event occurs on its corresponding pin. Control bits,
T1C3, T1C2 and T1C1, allow the trigger events to be speci-
fied either as a positive or a negative edge. The trigger con-
dition for each input pin can be specified independently.

The trigger conditions can also be programmed to generate
interrupts. The occurrence of the specified trigger condition
on the T1A and T1B pins will be respectively latched into the
pending flags, TIPNDA and T1PNDB. The control flag
T1ENA allows the interrupt on T1A to be either enabled or
disabled. Setting the T1IENA flag enables interrupts to be
generated when the selected trigger condition occurs on the
T1A pin. Similarly, the flag TLIENB controls the interrupts
from the T1B pin.

Underflows from the timer can also be programmed to gen-
erate interrupts. Underflows are latched into the timer T1CO
pending flag (the T1CO control bit serves as the timer under-
flow interrupt pending flag in the Input Capture mode). Con-
sequently, the T1CO control bit should be reset when enter-
ing the Input Capture mode. The timer underflow interrupt is
enabled with the TLENA control flag. When a T1A interrupt
occurs in the Input Capture mode, the user must check both
the TIPNDA and T1CO pending flags in order to determine
whether a T1A input capture or a timer underflow (or both)
caused the interrupt.

Figure 11 shows a block diagram of the timer in Input Cap-
ture mode.
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Timers (Continued)
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16 BIT AUTO RELOAD REGISTER N
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TIMER - £
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EXT CLK 16 BIT TIMER/ ﬁ
A< > COUNTER
EDGE SELECTOR D
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T
1 A
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FIGURE 10. Timer 1 in External Event Counter Mode
|
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FIGURE 11. Timer 1 in Input Capture Mode
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Timers (Continued)

TIMER CONTROL FLAGS
The control bits and their functions are summarized below.

TiC3 Timer mode control
T1C2 Timer mode control
T1C1l Timer mode control
T1CO Timer Start/Stop control in Modes 1 and 2 (Pro-

cessor Independent PWM and External Event
Counter), where 1 = Start, 0 = Stop

Timer Underflow Interrupt Pending Flag in
Mode 3 (Input Capture)

T1PNDA Timer Interrupt Pending Flag

T1ENA  Timer Interrupt Enable Flag
1 = Timer Interrupt Enabled
0 = Timer Interrupt Disabled

T1PNDB Timer Interrupt Pending Flag

T1ENB  Timer Interrupt Enable Flag

1 = Timer Interrupt Enabled
0 = Timer Interrupt Disabled

The timer mode control bits (T1C3, T1C2 and T1C1) are detailed below:

Mode T1C3 T1C2 TiC1 Description Interrupt A Interrupt B Timer
Source Source Counts On
1 0 1 PWM: T1A Toggle Autoreload RA Autoreload RB te
1 1 0 0 PWM: No T1A Autoreload RA Autoreload RB ¢
Toggle c
0 0 0 External Event Timer Pos. T1B Edge Pos. T1A
2 Counter Underflow Edge
0 0 1 External Event Timer Pos. T1B Edge Pos. T1A
Counter Underflow Edge
0 1 0 Captures: Pos. T1A Edge Pos. T1B Edge te
T1A Pos. Edge or Timer
T1B Pos. Edge Underflow
1 1 0 Captures: Pos. T1A Neg. T1B te
T1A Pos. Edge Edge or Timer Edge
T1B Neg. Edge Underflow
3 0 1 1 Captures: Neg. T1A Neg. T1B te
T1A Neg. Edge Edge or Timer Edge
T1B Neg. Edge Underflow
1 1 1 Captures: Neg. T1A Neg. T1B tc
T1A Neg. Edge Edge or Timer Edge
T1B Neg. Edge Underflow

HIGH SPEED, CONSTANT RESOLUTION

PWM TIMER

The device has one processor independent PWM timer. The
PWM timer operates in two modes: PWM mode and capture
mode. In PWM mode the timer outputs can be programmed
to two pins PWMO and PWML. In capture mode, pin PWMO
functions as the capture input. Figure 12 shows a block dia-
gram for this timer in capture mode and Figure 13 shows a
block diagram for the timer in PWM mode.

PWM Timer Registers

The PWM Timer has three registers: PWMCON, the PWM
control register, RLON, the PWM on-time register and
PSCAL, the prescaler register.

PWM Prescaler Register (PSCAL) (Address X’00A0)

The prescaler is the clock source for the counter in both
PWM mode and in frequency monitor mode.

PSCAL is a read/write register that can be used to program
the prescaler. The clock source to the timer in both PWM and
capture modes can be programmed to CKI/N where N =

PSCAL + 1, so the maximum PWM clock frequency = CKI
and the minimum PWM clock frequency = CKI/256. The pro-
cessor is able to modify the PSCAL register regardless of
whether the counter is running or not and the change in fre-
quency occurs with the next underflow of the prescaler (CK-
PWM).

PWM On-time Register (RLON) (Address X'00A1)

RLON is a read/write register. In PWM mode the timer output
will be a “1” for RLON counts out of a total cycle of 255 PWM
clocks. In capture mode it is used to program the threshold
frequency.

The PWM timer is specially designed to have a resolution of
255 PWM clocks. This allows the duty cycle of the PWM out-
put to be selected between 1/255 and 254/255. A value of 0
in the RLON register will result in the PWM output being con-
tinuously low and a value of 255 will result in the PWM output
being continuously high.

Note: The effect of changing the RLON register during active PWM mode op-

eration is delayed until the boundary of a PWM cycle. In capture mode
the effect takes place immediately.
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Timers (Continued)

memory mapped register
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FIGURE 12. PWM Timer Capture Mode Block Diagram

memory mapped register

DS012067-12
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FIGURE 13. PWM Timer PWM Mode Block Diagram

PWM Control Register (PWMCON) (Address X’00A2)

Reserved | ESEL | PWPND | PWIE | PwMD | Pwon | Pwen1 | PweNo

Bit 7 Bit 0

The PWMCON Register Bits are:

Reserved This bit is reserved and must be zero.

ESEL Edge select bit, “1” for falling edge, “0” for rising
edge.

PWPND  PWAM interrupt pending bit.

PWIE PWM interrupt enable bit.

PWMD PWM Mode bit, “1” for PWM mode, “0” for fre-
quency monitor mode.

PWON PWM start Bit, “1” to start timer, “0” to stop timer.

DS012067-13

PWEN1 Enable PWML1 output function on I/O port.

Note: The associated bits in the configuration and data register of the 1/0-
port have to be setup as outputs and/or inputs in addition to setting the
PWEN bits.

PWENO Enable PWMO output/input function on 1/O port.

PWM Mode

The PWM timer can generate PWM signals at frequencies
up to 39 kHz (@ t. = 1 ps) with a resolution of 255 parts.
Lower PWM frequencies can be programmed via the pres-
caler.

If the PWM mode bit (PWMD) in the PWM configuration reg-
ister (PWMCON) is set to “1” the timer operates in PWM
mode. In this mode, the timer generates a PWM signal with
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Timers (Continued)

a fixed, non-programmable repetition rate of 255 PWM clock
cycles. The timer is clocked by the output of an 8-bit, pro-
grammable prescaler, which is clocked with the chip’s CKI
frequency. Thus the PWM signal frequency can be calcu-
lated with the formula:

CKI
(1 + (PSCAL-contents)) X 255

Selecting the PWM mode by setting PWMD to “1”, but not
yet starting the timer (PWON is “0”), will set the timer output
to “1".

The contents of an 8-bit register, RLON, multiplied by the
clock cycle of the prescaler output defines the time between
overflow (or starting) and the falling edge of the PWM output.

Once the timer is started, the timer output goes low after
RLON cycles and high after a total of 255 cycles. The proce-
dure is continually repeated. In PWM mode the timer is avail-
able at pins PWMO and/or PWML1, provided the port configu-
ration bits for those pins are defined as outputs and the
PWENO and/or PWENL1 bits in the PWMCON register are
set.

The PWM timer is started by the software setting the PWON
bit to “1”. Starting the timer initializes the timer register. From
this point, the timer will continually generate the PWM signal,
independent of any processor activity, until the timer is
stopped by software setting the PWON bit to “0”. The pro-
cessor is able to modify the RLON register regardless of
whether the timer is running. If RLON is changed while the
timer is running, the previous value of RLON is used for com-
parison until the next overflow occurs, when the new value of
RLON is latched into the comparator inputs.

fpwm =

255

CONTENTS OF
FREE-RUNNING
UP-COUNTER

When the timer overflows, the PWM pending flag (PWPND)
is set to “1". If the PWM interrupt enable bit (PWIE) is also
set to “1”, timer overflow will generate an interrupt. The
PWPND bit remains set until the user’s software writes a “0”
to it. If the software writes a “1” to the PWPND bit, this has no
effect. If the software writes a “0” to the PWPND bit at the
same time as the hardware writes to the bit, the hardware
has precedence.

Note: The software controlling the duty cycle is able to change the PWM duty

cycle without having to wait for the timer overflow.

Figure 14 shows how the PWM output is implemented. The
PWM Timer output is set to “1” on an overflow of the timer
and set to “0” when the timer is greater than RLON. The out-
put can be multiplexed to two pins.

Capture Mode

If the PWM mode bit (PWMD) is set to “0” the PWM Timer
operates in capture mode. Capture mode allows the pro-
grammer to test whether the frequency of an external source
exceeds a certain threshold.

If PWMD is “0” and PWON is “0”, the timer output is set to
“0”. In capture mode the timer output is available at pin
PWM1, provided the port configuration register bit for that
pin is set up as an output and the PWENL1 bit in the
PWMCON register is set. Setting PWON to “1” will initialize
the timer register and start the counter. Arising edge, or if se-
lected, a falling edge, on the FMONIN input pin will initialize
the timer register and clear the timer output. The counter
continues to count up after being initialized. The ESEL bit de-
termines whether the active edge is a rising or a falling edge.

| |
| |
| |
I A W A N R
| ! | ! I
[ ! | ! |
0 ' - + * - + ' >
: b LT
1 : | 1 : | |
o
4 ] : ] ] : ] I
| | | ] ]
255 1 : | | : | |
R T St i RO et S .
TIMER QUTPUT A H I l | | l |
FOR DIFFERENT ——f———— ———t———— s e

YALUES OF RLON |
(0,A,B and 255)

T
DS012067-14

FIGURE 14. PWM Mode Operation

If, in capture mode PWMO is configured incorrectly as an
output and is enabled via the PWENO bit, the timer output
will feedback into the PWM block as the timer input.

The contents of the counter are continually compared with
the RLON register. If the frequency of the input edges is suf-
ficiently high, the contents of the counter will always be less

than the value in RLON. However, if the frequency of the in-
put edges is too low, the free-running counter value will
count up beyond the value in RLON.

When the counter is greater than RLON, the PWM timer out-
putis setto “1". Itis set to “0” by a detected edge on the timer
input or when the counter overflows. When the counter be-
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Timers (Continued)

comes greater than RLON, the PWPND bit in the PWM con-

trol register is set to “1”. If the PWIE bit is also set to “1”, the

PWPND bit is enabled to request an interrupt.

It should be noted that two other conditions could also set

the PWPND bit:

1. If the mode of operation is changed on the fly the timer
output will toggle. If frequency monitor mode is entered
on the fly such that the timer output changes from 0 to 1,
PWPND will be set.

2. If the timer is operating in frequency monitor mode and
the RLON value is changed on the fly so that RLON be-

OVERFLOW
(255)

RLON R ol

comes less than the current timer value, PWPND will be
set.
The PWPND bit remains set until the user’s software writes
a “0” to it. If the software writes a “1” to the PWPND bit, this
has no effect. If the software writes a “0” to the PWPND bit at
the same time as the hardware writes to the bit, the hard-
ware has precedence. (See Figure 17 for Frequency Monitor
Mode Operation.)
Note: If the clock to the device stops while PWMO is high,
and a subsequent Reset occurs while the clock is stopped,
the PWMO/L6 output will be put in the weak pull-up mode un-
til the clock resumes.

OUTPUT |—|

v

.

INPUT (PROGRAMMED TO BE
ACTIVE ON POSITIVE EDGE)

DS012067-15

FIGURE 15. Frequency Monitor Mode Operation

Power Save Modes

The device offers the user two power save modes of opera-
tion: HALT and IDLE. In the HALT mode, all microcontroller
activities are stopped. In the IDLE mode, the on-board oscil-
lator circuitry and timer TO are active but all other microcon-
troller activities are stopped. In either mode, all on-board
RAM, registers, 1/0 states, and timers (with the exception of
TO) are unaltered.

HALT MODE

The contents of all PWM Timer registers are frozen during
HALT mode and are left unchanged when exiting HALT
mode. The PWM timer resumes its previous mode of opera-
tion when exiting HALT mode.

The device is placed in the HALT mode by writing a “1” to the
HALT flag (G7 data bit). All microcontroller activities, includ-
ing the clock, and timers, are stopped. In the HALT mode,
the power requirements of the device are minimal and the
applied voltage (Vcc) may be decreased to V, (V, = 2.0V)
without altering the state of the machine.

The device supports two different ways of exiting the HALT
mode. The first method of exiting the HALT mode is with the
Multi-Input Wake Up feature on the L port. The second
method of exiting the HALT mode is by pulling the RESET
pin low.

Since a crystal or ceramic resonator may be selected as the
oscillator, the Wake Up signal is not allowed to start the chip

running immediately since crystal oscillators and ceramic
resonators have a delayed start up time to reach full ampli-
tude and frequency stability. The IDLE timer is used to gen-
erate a fixed delay to ensure that the oscillator has indeed
stabilized before allowing instruction execution. In this case,
upon detecting a valid Wake Up signal, only the oscillator cir-
cuitry is enabled. The IDLE timer is loaded with a value of
256 and is clocked with the t. instruction cycle clock. The t.
clock is derived by dividing the oscillator clock down by a fac-
tor of 10. The Schmitt trigger following the CKI inverter on
the chip ensures that the IDLE timer is clocked only when the
oscillator has a sufficiently large amplitude to meet the
Schmitt trigger specifications. This Schmitt trigger is not part
of the oscillator closed loop. The start-up time-out from the
IDLE timer enables the clock signals to be routed to the rest
of the chip.

The device has two mask options associated with the HALT
mode. The first mask option enables the HALT mode feature,
while the second mask option disables the HALT mode. With
the HALT mode enable mask option, the device will enter
and exit the HALT mode as described above. With the HALT
disable mask option, the device cannot be placed in the
HALT mode (writing a “1” to the HALT flag will have no ef-
fect).

IDLE MODE

The device is placed in the IDLE mode by writing a “1” to the
IDLE flag (G6 data bit). In this mode, all activities, except the
associated on-board oscillator circuitry, and the IDLE Timer
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Power Save Modes (continued)

TO, are stopped. The power supply requirements of the mi-
crocontroller in this mode of operation are typically around
30% of normal power requirement of the microcontroller.

As with the HALT mode, the device can be returned to nor-
mal operation with a reset, or with a Multi-Input Wake Up
from the L Port or CAN Interface. Alternately, the microcon-
troller resumes normal operation from the IDLE mode when
the thirteenth bit (representing 4.096 ms at internal clock fre-
quency of 1 MHz, t. = 1 ps) of the IDLE Timer toggles.

This toggle condition of the thirteenth bit of the IDLE Timer
TO is latched into the TOPND pending flag.

The user has the option of being interrupted with a transition
on the thirteenth bit of the IDLE Timer TO. The interrupt can
be enabled or disabled via the TOEN control bit. Setting the
TOEN flag enables the interrupt and vice versa.

The user can enter the IDLE mode with the Timer TO inter-
rupt enabled. In this case, when the TOPND bit gets set, the
device will first execute the Timer TO interrupt service routine
and then return to the instruction following the “Enter Idle
Mode” instruction.

Alternatively, the user can enter the IDLE mode with the

IDLE Timer TO interrupt disabled. In this case, the device will

resume normal operation with the instruction immediately

following the “Enter IDLE Mode” instruction.

Note: It is necessary to program two NOP instructions following both the set
HALT mode and set IDLE mode instructions. These NOP instructions

are necessary to allow clock resynchronization following the HALT or
IDLE modes.

Multi-Input Wake Up

The Multi-Input Wake Up feature is used to return (wake up)
the device from either the HALT or IDLE modes. Alternately,
the Multi-Input Wake Up/Interrupt feature may also be used
to generate up to 7 edge selectable external interrupts.

Figure 18 shows the Multi-Input Wake Up logic for the micro-
controller. The Multi-Input Wake Up feature utilizes the L
Port. The user selects which particular L port bit (or combina-
tion of L Port bits) will cause the device to exit the HALT or
IDLE modes. The selection is done through the Reg: WKEN.
The Reg: WKEN is an 8-bit read/write register, which con-
tains a control bit for every L port bit. Setting a particular
WKEN bit enables a Wake Up from the associated port pin.

The user can select whether the trigger condition on the se-
lected L Port pin is going to be either a positive edge (low to

high transition) or a negative edge (high to low transition).
This selection is made via the Reg: WKEDG, which is an
8-bit control register with a bit assigned to each L Port pin.
Setting the control bit will select the trigger condition to be a
negative edge on that particular L Port pin. Resetting the bit
selects the trigger condition to be a positive edge. Changing
an edge select entails several steps in order to avoid a
pseudo Wake Up condition as a result of the edge change.
First, the associated WKEN bit should be reset, followed by
the edge select change in WKEDG. Next, the associated
WKPND bit should be cleared, followed by the associated
WKEN bit being re-enabled.

An example may serve to clarify this procedure. Suppose we
wish to change the edge select from positive (low going high)
to negative (high going low) for L Port bit 5, where bit 5 has
previously been enabled for an input interrupt. The program
would be as follows:

RBIT 5, WKEN
SBIT 5, WKEDG

; Disable MIWU

; Change edge polarity
RBIT 5, WKPND ; Reset pending flag
SBIT 5, WKEN ; Enable MIWU

If the L port bits have been used as outputs and then
changed to inputs with Multi-lnput Wake Up/interrupt, a
safety procedure should also be followed to avoid inherited
pseudo wake up conditions. After the selected L port bits
have been changed from output to input but before the asso-
ciated WKEN bits are enabled, the associated edge select
bits in WKEDG should be set or reset for the desired edge
selects, followed by the associated WKPND bits being
cleared.

This same procedure should be used following reset, since
the L port inputs are left floating as a result of reset. The oc-
currence of the selected trigger condition for Multi-Input
Wake Up is latched into a pending register called WKPND.
The respective bits of the WKPND register will be set on the
occurrence of the selected trigger edge on the correspond-
ing Port L pin. The user has the responsibility of clearing
these pending flags. Since WKPND is a pending register for
the occurrence of selected wake up conditions, the device
will not enter the HALT mode if any Wake Up bit is both en-
abled and pending. Consequently, the user has the respon-
sibility of clearing the pending flags before attempting to en-
ter the HALT mode.

The WKEN, WKPND and WKEDG are all read/write regis-
ters, and are cleared at reset.
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Multi-Input Wake Up  (continued)
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FIGURE 16. Multi-Input Wake Up Logic

CAN RECEIVE WAKE UP

The CAN Receive Wake Up source is always enabled and is
always active on a falling edge of the CAN comparator out-
put. There is no specific enable bit for the CAN Wake Up fea-
ture. Although the wake up feature on pins L0O..L6 can be
programmed to generate an interrupt (L-port interrupt), no in-
terrupt is generated upon a CAN receive wake up condition.
The CAN block has its own, dedicated receiver interrupt
upon receive buffer full.

PORT L INTERRUPTS

Port L provides the user with an additional seven fully select-
able, edge sensitive interrupts which are all vectored into the
same service subroutine.

The interrupt from Port L shares logic with the wake up cir-
cuitry. The register WKEN allows interrupts from Port L to be
individually enabled or disabled. The register WKEDG speci-
fies the trigger condition to be either a positive or a negative
edge. Finally, the register WKPND latches in the pending
trigger conditions.

The GIE (global interrupt enable) bit enables the interrupt
function. A control flag, LPEN, functions as a global interrupt
enable for Port L interrupts. Setting the LPEN flag will enable
interrupts and vice versa. A separate global pending flag is
not needed since the register WKPND is adequate.

Since Port L is also used for waking the device out of the
HALT or IDLE modes, the user can elect to exit the HALT or
IDLE modes either with or without the interrupt enabled. If he
elects to disable the interrupt, then the device will restart ex-
ecution from the instruction immediately following the in-
struction that placed the microcontroller in the HALT or IDLE
modes. In the other case, the device will first execute the in-
terrupt service routine and then revert to normal operation.

The Wake Up signal will not start the chip running immedi-
ately since crystal oscillators or ceramic resonators have a fi-

nite start up time. The IDLE Timer (TO) generates a fixed de-
lay to ensure that the oscillator has indeed stabilized before
allowing the device to execute instructions. In this case,
upon detecting a valid Wake Up signal, only the oscillator cir-
cuitry and the IDLE Timer TO are enabled. The IDLE Timer is
loaded with a value of 256 and is clocked from the t. instruc-
tion cycle clock. The t, clock is derived by dividing down the
oscillator clock by a factor of 10. A Schmitt trigger following
the CKI on-chip inverter ensures that the IDLE timer is
clocked only when the oscillator has a sufficiently large am-
plitude to meet the Schmitt trigger specifications. This
Schmitt trigger is not part of the oscillator closed loop. The
start-up time-out from the IDLE timer enables the clock sig-
nals to be routed to the rest of the chip.

CAN Block Description *

This device contains a CAN serial bus interface as described
in the CAN Specification Rev. 2.0 part B.

*Patents Pending.

CAN Interface Block

This device supports applications which require a low speed
CAN interface. It is designed to be programmed with two
transmit and two receive registers. The user’s program may
check the status bytes in order to get information of the bus
state and the received or transmitted messages. The device
has the capability to generate an interrupt as soon as one
byte has been transmitted or received. Care must be taken if
more than two bytes in a message frame are to be
transmitted/received. In this case the user's program must
poll the transmit buffer empty (TBE)/receive buffer full (RBF)
bits or enable their respective interrupts and perform a data
exchange between the user data and the Tx/Rx registers.
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CAN Interface Block (Continued) ware overhead. The device can support a bus speed of up to
1 Mbit/s with a 10 MHz oscillator and 2 byte messages. The

Fully automatic transmission on error is supported for mes- 1 Mbit/s bus speed refers to the rate at which protocol and
sages not longer than two bytes. Messages which are longer data bits are transferred on the bus. Longer messages re-
than two bytes have to be processed by software. quire slower bus speeds due to the time required for soft-
The interface is compatible with CAN Specification 2.0 part ware intervention between data bytes. The device will sup-
B, without the capability to receive/transmit extended port a maximum of 125k bit/s with eight byte messages and
frames. Extended frames on the bus are checked and ac- a 10 MHz oscillator.

knowledged according to the CAN specification.

The maximum bus speed achievable with the CAN interface
is a function of crystal frequency, message length and soft-

0 Tx1 RXO  Vpgr (Voo/2)  Rx1
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TxENO TXEN1

RxREF 1

@———— ) WAKEUP
CAN REGISTERS
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!
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FIGURE 17. CAN Interface Block Diagram

Functional Block Description of Bit Stream Processor (BSP)
The BSP is a sequencer controlling the data stream between

the CAN Interface The Interface Management Logic (parallel data) and the bus

) line (serial data). It controls the transceive logic with regard
Interface Management Logic (IML) to reception and arbitration, and creates error signals ac-
The IML executes the CPU's transmission and reception cording to the bus specification
commands and controls the data transfer between CPU,
Rx/Tx and CAN registers. It provides the CAN Interface with
Rx/Tx data from the memory mapped Register Block. It also
sets and resets the CAN status information and generates
interrupts to the CPU.
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Functional Block Description of
the CAN Interface (continued)

Transceive Logic (TCL)

The TCL is a state machine which incorporates the bit stuff
logic and controls the output drivers, CRC logic and the
Rx/Tx shift registers. It also controls the synchronization to
the bus with the CAN clock signal generated by the BTL.

Error Management Logic (EML)

The EML is responsible for the fault confinement of the CAN
protocol. It is also responsible for changing the error
counters, setting the appropriate error flag bits and interrupts
and changing the error status (passive, active and bus off).

Cyclic Redundancy Check (CRC) Generator and
Register
The CRC Generator consists of a 15-bit shift register and the
logic required to generate the checksum of the destuffed bit-
stream. It informs the EML about the result of a receiver
checksum.
The checksum is generated by the polynomial:

X15+X14 +X10+X8+X7+X4 +X3+1

Receive/Transmit (Rx/Tx) Registers

The Rx/Tx registers are 8-bit shift registers controlled by the
TCL and the BSP. They are loaded or read by the Interface
Management Logic, which holds the data to be transmitted
or the data that was received.

Bit Time Logic (BTL)

The bit time logic divider divides the CKI input clock by the
value defined in the CAN prescaler (CSCAL) and bus timing
register (CTIM). The resultig bit time (tcan) can be computed
by the formula:

- CKI
can = (3 divider) % (1 + 2 x PS + PPS)

Where divider is the value of the clock prescaler, PS is the
programmable value of phase segment 1 and 2 (1..8) and
PPS the programmed value of the propagation segment
(1..8) (located in CTIM).

Bus Timing Considerations

The internal architecture of the CAN interface has been op-
timized to allow fast software response times within mes-
sages of more than two data bytes. The TBE (Transmit
Buffer Empty) bit is set on the last bit of odd data bytes when
CAN internal sample points are high.

It is the user’s responsibility to ensure that the time between
setting TBE and a reload of TxD2 is longer than the length of
phase segment 2 as indicated in the following equation:

tiopp > ES L U X (CSCAL 1 1) stc’“ 1)1, = absolute length of PS2

Table 2 shows examples of the minimum required t, oap for
different CSCAL settings based on a clock frequency of
10 MHz. Lower clock speeds require recalculation of the
CAN bit rate and the mimimum t_ oap.

TABLE 2. CAN Timing (CKI = 10 MHz t . = 1 ps)

cm—pl +  (1+DIVIDER)

i i Minimum
PS |CSCAL | CAN Bit Rate (kbit/s)
toap (MS)
4 3 250 2.0
4 9 100 5.0
4 15 62 8.0
4 24 40 12.5
4 39 25 20
4 99 10 50
4 199 5 100
+ (1+2*PS+PPS) BIT RATE

FIGURE 18. Bit Rate Generation

Figure 19 illustrates the minimum time required for t_ oap-
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FIGURE 19. TBE Timing
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Interrupt driven programs use more time than programs
which poll the TBE flag, however programs which operate at
lower baud rates (which are more likely to be sensitive to this
issue) have more time for interrupt response.

Output Drivers/Input Comparators

The output drivers/input comparators are the physical inter-
face to the bus. Control bits are provided to TRI-STATE the
output drivers.

A dominant bit on the bus is represented as a “0” in the data
registers and a recessive bit on the bus is represented as a
“1” in the data registers.

TABLE 3. Bus Level Definition

Bus Level Pin Tx0 Pin Tx1 Data
. drive low drive high
“dominant” 0
(GND) (Vee)
“recessive” TRI-STATE TRI-STATE 1

Register Block
The register block consists of fifteen 8-bit registers which are
described in more detail in the following paragraphs.

Note: The contents of the receiver related registers RxD1, RxD2, RDLC,
RIDH and RTSTAT are only changed if a received frame passes the
acceptance filter or the Receive Identifier Acceptance Filter bit (RIAF)
is set to accept all received messages.

TRANSMIT DATA REGISTER 1 (TXD1) (Address

X'00B0)

The Transmit Data Register 1 contains the first data byte to
be transmitted within a frame and then the successive odd
byte numbers (i.e., bytes number 1,3,..,7).

TRANSMIT DATA REGISTER 2 (TXD2)(Address X'00B1)
The Transit Data Register 2 contains the second data byte to
be transmitted within a frame and then the successive even
byte numbers (i.e., bytes number 2,4,..,8).

TRANSMIT DATA LENGTH CODE AND IDENTIFIER
LOW REGISTER (TDLC) (Address X’00B2)

03 | TID2 | TID1 | TIDO | TDLC3 | TDLC2 | TDLCL | TDLCO
Bit 7 Bit 0
This register is read/write.

TID3..TIDO Transmit Identifier Bits 3..0 (lower 4 bits)

The transmit identifier is composed of eleven bits in total, bits
3 to 0 of the TID are stored in bits 7 to 4 of this register.

Functional Block Description of the CAN Interface

In the case of an interrupt driven CAN interface, the calculation of the actual t_oap time would be done as follows:

(Continued)

INT: ; Interrupt latenc y =71t =7 ps
PUSH A ; 3tc =3 ps
LD A,AB ; 2t c=2us
PUSH A ; 3tc =3 ps
VIS ; 5tc=5us
CANTX: ; 20 tc = ps to this point
; additional time for instructions which check
; status prior to reloading the transmit data
; registers with subsequent data bytes.
LD  TXD2,DATA

TDLC3..TDLCO Transmit Data Length Code

These bits determine the number of data bytes to be trans-
mitted within a frame. The CAN specification allows a maxi-
mum of eight data bytes in any message.

TRANSMIT IDENTIFIER HIGH (TID) (Address X'00B3)

TRTR | TID10 | TID9 | TID8 | TID7 [ TID6 | TID5 | TID4
Bit 7 Bit 0
This register is read/write.

TRTR Transmit Remote Frame Request

This bit is set if the frame to be transmitted is a remote frame
request.

TID10..TID4 Transmit Identifier Bits 10 .. 4 (higher 7 bits)

Bits TID10..TID4 are the upper 7 bits of the 11 bit transmit
identifier.

RECEIVER DATA REGISTER 1 (RXD1) (Address

X'00B4)

The Receive Data Register 1 (RXD1) contains the first data
byte received in a frame and then successive odd byte num-
bers (i.e., bytes 1, 3,..7). This register is read-only.

RECEIVE DATA REGISTER 2 (RXD2) (Address X'00B5)
The Receive Data Register 2 (RXD2) contains the second
data byte received in a frame and then successive even byte
numbers (i.e., bytes 2,4,..,8). This register is read-only.

REGISTER DATA LENGTH CODE AND IDENTIFIERLOW
REGISTER (RIDL) (Address X’00B6)

RID3 | RID2 | RID1 | RIDO | RDLC3 | RDLC2 | RDLCI | RDLCO
Bit 7 Bit 0
This register is read only.

RID3..RIDO Receive Identifier bits (lower four bits)

The RID3..RIDO bits are the lower four bits of the eleven bit
long Receive Identifier. Any received message that matches
the upper 7 bits of the Receive Identifier (RID10..RID4) is ac-
cepted if the Receive Identifier Acceptance Filter (RIAF) bit is
set to zero.

RDLC3..RDLCO Receive Data Length Code bits

The RDLC3..RDLCO bits determine the number of data
bytes within a received frame.
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Functional Block Description of
the CAN Interface (continued)

RECEIVE IDENTIFIER HIGH (RID) (Address X’00B7)

Reserved | RID10 | RiD9 | RID8 | RID7 | RiD6 | RIDS | RID4
Bit 7 Bit 0
This register is read/write.
Reserved Bit 7 is reserved and must be zero.
RID10..RID4 Receive Identifier bits (upper bits)
The RID10...RID4 bits are the upper 7 bits of the eleven bit
long Receive Ildentifier. If the Receive Identifier Acceptance
Filter (RIAF) bit (see CBUS register) is set to zero, bits 4 to
10 of the received identifier are compared with the mask bits
of RID4..RID10. If the corresponding bits match, the mes-
sage is accepted. If the RIAF bit is set to a one, the filter
function is disabled and all messages, independent of iden-
tifier, will be accepted.

CAN PRESCALER REGISTER (CSCAL) (Address
X'00B8)

cks7 | ckss | ckss | cksa | ckss | cks2 | cks1 | ckso
Bit7

Bit 0

This register is read/write.
CKS7..0 Prescaler divider select.
The resulting clock value is the CAN Prescaler clock.

CAN BUS TIMING REGISTER (CTIM) (00B9)

pps2 | ppsi | ppso | Ps2 | Ps1 | Pso | Reserved | Reserved
BitO

Bit 7

This register is read/write.

PPS2..PPSO Propagation Segment, bits 2..0
The PPS2..PPS0 bhits determine the length of the propaga-
tion delay in Prescaler clock cycles (PSC) per bit time. (For
a more detailed discussion of propagation delay and phase
segments, see SYNCHRONIZATION.)

PS2..PSO Phase Segment 1, bits 2..0

The PS2..PSO0 bits fix the number of Prescaler clock cycles
per bit time for phase segment 1 and phase segment 2. The
PS2..PSO0 bits also set the synchronization Jump Width to a
value equal to the lesser of: 4 PSC, or the length of PS1/2
(Min: 4 | length of PS1/2).

TABLE 4. Synchronization Jump Width

Length of Synchronization
PS2 | PS1 | PSO Phase Jump Width
Segment Y2
0 0 0 1 tean 1 tean
0 0 1 2 tean 2 tean
0 1 0 3 tean 3 tean
0 1 1 4 tean 4 tean
1 0 0 5 tean 4 tean
1 0 1 6 tean 4 tean
1 1 0 7 tean 4 tean
1 1 1 8 tean 4 tean

LENGTH OF TIME SEGMENTS (See Figure 31)

e The Synchronization Segment is 1 CAN Prescaler clock
(PSC)

¢ The Propagation Segment can be programmed (PPS) to
be 1,2...,8 PSC in length.

¢ Phase Segment 1 and Phase Segment 2 are program-
mable (PS) to be 1,2,..,8 PSC long.

Note: (BTL settings at high speed; PSC = 0) Due to the on-chip delay from
the rx-pins through the receive comparator (worst case assumption: 3
clocks delay * 2 (devices on the bus) + 1 tx delay) the user needs to set
the sample point to (2*3 + 1) i.e., 7 CKI clocks to ensure correct com-
munication on the bus under all circumstances. With prescaler settings
of 0 this is a given (i.e., no caution has to be applied).

Example: for 1 Mbit CTIM = b’10000100 (PSS = 5; PS1 = 2). Example
for 500 kbit CTIM = b’01011100 (PPS = 3; PS1 = 8). — all at 10 MHz
CKl and CSCAL = 0.

CAN BUS CONTROL REGISTER (CBUS) (00BA)

Re- RIAF | TxEN1 | TxENO | RxREF1 | RxREFO Re- FMOD
served served
Bit 7 Bit 0

Reserved This bit is reserved and must be zero.

RIAF Receive identifier acceptance filter bit

If the RIAF bit is set to zero, bits 4 to 10 of the received iden-
tifier are compared with the mask bits of RID4..RID10 and if
the corresponding bits match, the message is accepted. If
the RIAF bit is set to a one, the filter function is disabled and
all messages independent of the identifier will be accepted.

TXENO, TXEN1 TxD Output Driver Enable

TABLE 5. Output Drivers

TXEN1 TXENO Output
0 0 Tx0, Tx1 TRI-STATE, CAN
input comparator disabled
0 1 TxO0 enabled
1 0 Tx1 enabled
1 1 Tx0 and Tx1 enabled

Bus synchronization of the device is done in the following
way:
If the output was disabled (TXENZ1, TXENO = “0") and either
TXEN1 or TXENO, or both are set to 1, the device will not start
transmission or reception of a frame until eleven consecutive
“recessive” bits have been received. Resetting the TXEN1
and TxENO bits will disable the output drivers and the CAN
input comparator. All other CAN related registers and flags
will be unaffected. It is recommended that the user reset the
TXEN1 and TXENO bits before switching the device into the
HALT mode (the CAN receive wakeup will still work) in order
to reduce current consumption and to assure a proper resy-
chronization to the bus after exiting the HALT mode.
Note: A “bus off” condition will also cause Tx0 and Tx1 to be at TRI-STATE
(independent of the values of the TXEN1 and TXENO bits).
RXREF1 Reference voltage applied to Rx1 if bit is set
RXREFO Reference voltage applied to RxO if bit is set
FMOD  Fault Confinement Mode select

Setting the FMOD bit to “0” (default after power on reset) will
select the Standard Fault Confinement mode. In this mode
the device goes from “bus off” to “error active” after monitor-
ing 128*11 recessive bits (including bus idle) on the bus. This
mode has been implemented for compatibility with existing
solutions. Setting the FMOD bit to “1” will select the En-
hanced Fault Confinement mode. In this mode the device
goes from “bus off” to “error active” after monitoring 128
“good” messages, as indicated by the reception of 11 con-
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Functional Block Description of
the CAN Interface (continued)

secutive “recessive” bits including the End of Frame,
whereas the standard mode may time out after 128 x 11 re-
cessive bits (e.g., bus idle).

TRANSMIT CONTROL/STATUS (TCNTL) (00BB)

Ns1 | Nso | TERR | RERR | CEIE | TIE | RIE | Txss
Bit 7 Bit 0
NS1..NSO Node Status, i.e., Error Status.

TABLE 6. Node Status

NS1 NSO Output
0 0 Error active
0 1 Error passive
1 0 Bus off
1 1 Bus off

The Node Status bits are read only.
TERR  Transmit Error

This bit is automatically set when an error occurs during the

transmission of a frame. TERR can be programmed to gen-

erate an interrupt by setting the Can Error Interrupt Enable

bit (CEIE). This bit must be cleared by the user’s software.

Note: This is used for messages for more than two bytes. If an error occurs
during the transmission of a frame with more than 2 data bytes, the us-
er's software has to handle the correct reloading of the data bytes to
the TxD registers for retransmission of the frame. For frames with 2 or
fewer data bytes the interface logic of this chip does an automatic re-
transmission. Regardless of the number of data bytes, the user's soft-
ware must reset this bit if CEIE is enabled. Otherwise a new interrupt
will be generated immediately after return from the interrupt service
routine.

RERR Receiver Error

This bit is automatically set when an error occurred during
the reception of a frame. RERR can be programmed to gen-
erate an interrupt by setting the Can Error Interrupt Enable
bit (CEIE). This bit has to be cleared by the user’s software.
CEIE CAN Error Interrupt Enable

If set by the user’s software, this bit enables the transmit and
receive error interrupts. The interrupt pending flags are
TERR and RERR. Resetting this bit with a pending error in-
terrupt will inhibit the interrupt, but will not clear the cause of
the interrupt (RERR or TERR). If the bit is then set without
clearing the cause of the interrupt, the interrupt will reoccur.
TIE Transmit Interrupt Enable

If set by the user’s software, this bit enables the transmit in-
terrupt. (See TBE and TXPND.) Resetting this bit with a
pending transmit interrupt will inhibit the interrupt, but will not
clear the cause of the interrupt. If the bit is then set without
clearing the cause of the interrupt, the interrupt will reoccur.
RIE Receive Interrupt Enable

If set by the user’s software, this bit enables the receive in-
terrupt or a remote transmission request interrupt (see RBF,
RFV and RRTR). Resetting this bit with a pending receive in-
terrupt will inhibit the interrupt, but will not clear the cause of
the interrupt. If the bit is then set without clearing the cause
of the interrupt, the interrupt will reoccur.

TXSS Transmission Start/Stop

This bit is set by the user’s software to initiate the transmis-
sion of a frame. Once this bit is set, a transmission is pend-
ing, as indicated by the TXPND flag being set. It can be reset

by software to cancel a pending transmission. Resetting the
TXSS bit will only cancel a transmission, if the transmission
of a frame hasn’t been started yet (bus idle), if arbitration has
been lost (receiving) or if an error occurs during transmis-
sion. If the device has already started transmission (won ar-
bitration) the TXPND and TXSS flags will stay set until the
transmission is completed, even if the user’s software has
written zero to the TXSS bit. If one or more data bytes are to
be transmitted, care must be taken by the user, that the
Transmit Data Register(s) have been loaded before the
TXSS bit is set. TXSS will be cleared on three conditions
only: Successful completion of a transmitted message; suc-
cessful cancellation of a pending transmision; Transition of
the CAN interface to the bus-off state.

IRIAFI

7 D
RECEIVE FRAME
SIGNAL

7

RIDH

Rx/Tx SHIFT REGISTER I

DS012067-52

FIGURE 20. Acceptance Filter Block-Diagram

Writing a zero to the TXSS bit will request cancellation of a
pending transmission but TXSS will not be cleared until
completion of the operation. If an error occurs during trans-
mission of a frame, the logic will check for cancellation re-
quests prior to restarting transmission. If zero has been writ-
ten to TXSS, retransmission will be canceled.

RECEIVE/TRANSMIT STATUS (RTSTAT) (Address
X'00BC)

TBE | TXPND | RRTR | ROLD | RORN | RFV | RCV | RBF
1 0 0 0 0 0 0 0
Bit 7 Bit0

This register is read only.
TBE Transmit Buffer Empty

This bit is set as soon as the TxD2 register is copied into the
Rx/Tx shift register, i.e., the 1st data byte of each pair has
been transmitted. The TBE bit is automatically reset if the
TxD2 register is written (the user should write a dummy byte
to the TxD2 register when transmitting an odd number of
bytes of zero bytes). TBE can be programmed to generate
an interrupt by setting the Transmit Interrupt Enable bit (TIE).
When servicing the interrupt the user has to make sure that
TBE gets cleared by executing a WRITE instruction on the
TxD2 register, otherwise a new interrupt will be generated
immediately after return from the interrupt service routine.
The TBE bit is read only. Itis set to 1 upon reset. TBE is also
set upon completion of transmission of a valid message.

TXPND Transmission Pending

This bit is set as soon as the Transmit Start/Stop (TXSS) bit
is set by the user. It will stay set until the frame was success-
fully transmitted, until the transmission was successfully can-
celed by writing zero to the Transmission Start/Stop bit
(TXSS), or the device enters the bus-off state. Resetting the
TXSS bit will only cancel a transmission if the transmission
of a frame hasn’t been started yet (bus idle) or if arbitration
has been lost (receiving). If the device has already started
transmission (won arbitration) the TXPND flag will stay set
until the transmission is completed, even if the user’s soft-
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ware has requested cancellation of the message. If an error
occurs during transmission, a requested cancellation may
occur prior to the begining of retransmission.

RRTR Received Remote Transmission Request

This bit is set when the remote transmission request (RTR)
bit in a received frame was set. It is automatically reset
through a read of the RXD1 register.

To detect RRTR the user can either poll this flag or enable
the receive interrupt (the reception of a remote transmission
request will also cause an interrupt if the receive interrupt is
enabled). If the receive interrupt is enabled, the user should
check the RRTR flag in the service routine in order to distin-
guish between a RRTR interrupt and a RBF interrupt. It is the
responsibility of the user to clear this bit by reading the RXD1
register, before the next frame is received.

ROLD Received Overload Frame

This bit is automatically set when an Overload Frame was
received on the bus. It is automatically reset through a read
of the Receive/Transmit Status register. It is the responsibil-
ity of the user to clear this bit by reading the Receive/
Transmit Status register, before the next frame is received.

RORN Receiver Overrun

This bit is automatically set on an overrun of the receive data
register, i.e., if the user's program does not maintain the
RxDn registers when receiving a frame. It it automatically re-
set through a read of the Receive/Transmit Status register. It
is the responsibility of the user to clear this bit by reading the
Receive/Transmit Status register before the next frame is re-
ceived.

RFV Received Frame Valid

This bit is set if the received frame is valid, i.e., after the pen-
ultimate bit of the End of Frame is received. It is automati-
cally reset through a read of the Receive/Transmit Status
register. It is the responsibility of the user to clear this bit by
reading the receive/transmit status register (RTSTAT), be-
fore the next frame is received. RFV will cause a Receive In-
terrupt if enabled by RIE. The user should be careful to read
the last data byte (RxD1) of odd length messages (1, 3, 5 or
7 data bytes) on receipt of RFV. RFV is the only indication
that the last byte of the message has been received.

RCV Receive Mode

This bit is set after the data length code of a message that
passes the device’s acceptance filter has been received. It is
automatically reset after the CRC-delimiter of the same
frame has been received. It indicates to the user’s software
that arbitration is lost and that data is coming in for that node.

RBF Receive Buffer Full

This bit is set if the 