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INTRODUCTION

Advances in data communications have created
efficient methods for several devices to communicate
over a minimum number of system wires. The
Controller Area Network (CAN) is one of these
methods. CAN sends and receives messages over a
two-wire  CAN bus. The nodes broadcast their
individual messages over the CAN bus. Meanwhile, the
receivers are set up to accept the message and
anticipate an Acknowledgment (ACK) signal, indicating
the receipt of a non-corrupted message. The protocol
of the CAN has two states and the bits are either
dominant (logic ‘0") or recessive (logic ‘1’). Nodes may
attempt to transmit a message at the same time. To
ensure that collisions do not reduce the throughput of
the bus, there is an arbitration scheme. In this scheme,
a node will continue to transmit until a dominant bit is
detected, while that node is expecting a recessive bit
(in the ID field) on the CAN bus. The node(s) that lost
arbitration will automatically terminate their transmis-
sion and switch to Receive mode. After the CAN bus
enters an Ildle state, these nodes attempt to retransmit.
If the node did not lose arbitration, it completes its
transmission. (For additional information on the CAN
protocol, refer to AN713, “Controller Area Network
(CAN) Basics”, DS00713.)

The bus configuration operates by the multi-master
principle, and allows several Node Boards to connect
directly to the bus. If one Node Board fails in the
system, the other Node Boards are not affected. The
probability of the entire network failing is extremely low
compared to ring type networks. Ring type networks
have a high probability failure rate, due to the fact that
if one node malfunctions, the entire network becomes
inoperable. The CAN controller seeks to solve this
problem.

MCP2515 CAN Controller Benefits

* Monitors Several Devices
« Individual Node Programming
* Replaces a Large Wiring Harness

MODULE OVERVIEW

The module hardware can be divided into two
components. These are:

» CAN-NET Node Board
* CAN-NET Analog Input Board

These boards can be purchased from Diversified
Engineering by ordering the CAN-NET Analog Input
Node Kit. The CAN-NET Analog Input Board also
requires that some of the options be installed by the
customer. Two additional components are: a 14.5-PSI
Pressure Transducer and an LED. Table 1 gives the
part numbers for these components.

TABLE 1: COMPONENT PART
NUMBERS
Manufacturer Component Part
P Number
Diversified CAN-NET 905190

Engineering Analog Input Node Kit

Motorola® Pressure Transducer | MPX2010DP

This module has several key features. These include:

» High-Speed SPI Interface

- MPLAB® ICD Debugging Tool

e Low-Power CMOS Technology

e PWM Output for Driving a Lamp
e Supports SPI modes 0,0 and 1,1
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CAN-NET Node Board

The CAN-NET Node Board consists of hardware
devices that are used in conjunction with software pro-
gramming techniques to achieve an optimal Controller
Area Network. The versatility of the CAN controller
enables a wide variety of applications to be created,
based on the concept of this particular design.

The MCP2515 CAN controller is the heart of the CAN
interface. It handles all of the transmitting and receiving
of message packets that contain useful information for
other nodes on the network via the CAN bus. The
MCP2515 CAN controller is also designed to interface
with the Serial Peripheral Interface (SPI) port. The SPI
port is available on the PIC16F876 microcontroller, and
the MCP3201 Analog-to-Digital Converter (ADC).

The PIC16F876 microcontroller stores the program in
memory and reads the DIP switch settings for sending
and receiving messages. It controls the PWM output
and enables the MPLAB® ICD to be used as a
debugging tool.

CAN-NET Analog Input Board

The MCP3201 ADC accepts input signals from the
pressure sensor, utilizing a differential amplifier config-
uration. The MCP602 amplifier uses single-supply
CMOS operational amplifier (op amp) technology.

HARDWARE OVERVIEW

This section describes the CAN-NET Node Board
hardware and how the CAN functions in the Node Board
system. Schematics can be found in Appendix A:
“Schematics”.

MCP2515 CAN Controller

The high-level design of this system is shown in
Figure 1. The concept is to enable the MCP2515 CAN
controller, the PIC16F876 microcontroller and the
MCP3201 ADC to efficiently communicate among each
other, utilizing the SPI. The MCP2515 handles the
lower level protocols.

FIGURE 1: BLOCK DIAGRAM OF THE CAN NODE BOARD
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The PIC16F876 microcontroller stores the program in
memory and constantly polls the MCP3201 ADC, along
with the reference A/D.

In the main loop of the program, a variable is toggled.
When the value of the variable is a logic ‘0’, the PIC®
device reads the pressure sensor, and when the value

The first two (of four) switches tell the microcontroller
which message the node is allowed to receive. The last
two (of four) switches tell the microcontroller the
transmit address of the node. The configuration, shown
in Figure 3, illustrates three Node Boards on a CAN
bus, and they are set to transmit and receive certain

of the variable is a logic ‘1’, the PIC® device reads the messages.

reference A/D. The microcontroller also reads the

settings of the input switches.

FIGURE 2: THREE NODE BOARDS CONNECTED TO THE CAN BUS
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In this case, each node transmits its own pressure
sensor value and each node is set to receive a value of
the pressure sensor from a different node. The
identification for each Node Board is ‘01’, ‘10’ and ‘11".
These settings are transmit and receive identifiers.
Node Board 1 is set to receive the pressure sensor
value from Node Board 2. Node Board 2 is set to
receive the pressure sensor value from Node Board 3,
and Node Board 3 is set to receive the pressure sensor
value from Node Board 1. The pressure sensor value
of each Node Board is directly proportional to the PWM
output of the corresponding microcontroller.

The CAN driver chip converts the input and output to
the CAN bus voltages, ranging from 0 to 5 volts with a
shift of £12V.

The MCP3201 is a 12-bit ADC with on-board sample
and hold circuitry.

The input to the device comes from a differential
amplifier circuit, which communicates over the serial
interface, using the SPI protocol. The MCP602 op amp
is used to design a suitable differential amplifier.

The gain of the amplifier is determined by the following
equation:

EQUATION 1: AMPLIFIER GAIN

. R14 R13
=1+ —+2—
Gain =1 R13 2RP1

Figure 3 shows a differential amplifier circuit. The input
to this amplifier ranges from 0 to 5 volts and is useful
for pressure applications. The pressure can be referred
to as “zero pressure”. The normalized pressure setting
consists of negative pressure (when there is intake)
and positive pressure (when there is outtake). The
pressure sensor produces a negative voltage when
there is negative pressure, and a positive voltage when
there is positive pressure. The reference for the differ-
ential amplifier is 2.5 volts. Above 2.5 volts, it indicates
a positive pressure. Below 2.5 volts, it indicates a
negative pressure. The CAN-NET Node Board with the
Analog 1/0 Board is designed specifically for pressure,
but can easily be altered to do both.

Hardware Tools

The MPLAB ICD is a tool which enhances the code
development and hardware debugging process. The
debugger uses a PIC16F877 device and operates in
“real time”. This low-cost tool saves engineering time
(“expenses”) by allowing the application program and
circuit to be evaluated, and enhanced in real time. The
ICD interface also allows the PIC16F87X devices to be
programmed after the board has been manufactured.
This allows software changes or updates to be
programmed into the device. The ICD uses the RB6 and
RB7 pins of the PIC16F87X for this. For that reason,
these pins are not used for any other purpose in this
system. For additional information on In-Circuit Serial
Programming, please refer to Microchip’s “In-Circuit
Serial Programming™ (ICSP™) Guide”, (DS30277).

FIGURE 3: DIFFERENTIAL AMPLIFIER CIRCUIT
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SOFTWARE OVERVIEW

Programming Style

The code for the Node Board is written in the PIC®
device instruction set to be assembled using
Microchip’s MPLAB environment. There is a significant
use of macros to make the code more readable and
less error prone. The macros are defined in three files:

1. Near the top of the main file
2. canl i b. asm(file contains the CAN macros)
3. nmcrosl6.inc

If an unfamiliar instruction is found, it is probably made
up of a set of familiar instructions in one of the macros.
The macros in the macrosl16.inc file are used
extensively in writing code for the PIC® microcontroller
family, because they increase readability and greatly
reduce programming errors.

Common Code

The Node Board uses common software files to
maximize the program’s efficiency. The routines that
enable communication with the MCP2515 CAN chip
are in the file canl i . asmand the definitions of the
MCP2515 registers are in nctp2515.inc. The
common macros are in nacr os16. i nc.

SPI Communications

Communications from a device on the node (such as a
microcontroller) to the MCP2515 are through the SPI
bus. The PIC® device used on the Node Board fully
supports the SPI in the Master mode. Command
strings are sent and received using a single software
buffer. To send a string, the software buffer, called
pSPIBufBase, is loaded with the bytes to send and
the SPI interrupt is turned on. The interrupt handler
exchanges bytes with the MCP2515. The bytes
received from the MCP2515 replace the bytes that
were sent from the software buffer, so that after the
string has been sent, the buffer will contain the bytes
received from the MCP2515. All communications with
the MCP2515 are handled in this manner and is
encapsulated in the routines in the canl i b. asm

General ID Structure

The ID structure used by the Node Boards is
determined by the settings on the DIP switches on
power-up or after a Reset. Changing the DIP switches
while running, has no effect on the ID structure.

Receive ID Structure

The Node Board uses the following setting in Table 2
for receiving:

TABLE 2: RECEIVING SETTINGS FOR
THE NODE BOARD
Register Value
RxMaskO OxFFF
RxMask1 OxFFE
RxFilter0 OxFFF
RxFilterl OxFFF
RxFilter2 oxnoo @
RxFilter3 0xnl10
RxFilter4 OXFFF
RxFilter5 OxFFF

Note 1: This value is the Base Receive ID for
receiving. The DIP #1 and DIP #2 settings
are used to determine this value.

The DIP settings for receiving are shown in Table 3.

TABLE 3: DIP SWITCH ID SETTINGS FOR
RECEIVING
DIP #1 | DIP #2 ID
0 0 0x000
0 1 0x100
1 0 0x200
1 1 0x300

A message received for RxFilter2 (Base Receive ID) is
assumed to be a two-byte integer that contains a 12-bit
value, between 0 and 4095. The 12-bit data is used to
generate a PWM output, where a ‘0’ generates a 0%
duty cycle and OxXFFF generates a 100% duty cycle.

© 2010 Microchip Technology Inc.
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Transmit ID Structure

The Node Board transmits a CAN message every
131 ms. A message contains two data bytes that
represent a 12-bit value with the Least Significant Byte
(LSB) sent first.

The pressure switch is assigned to the Base Transmit
ID and is measured and transmitted with that ID every
393 ms, as a two-byte integer in the range of 0 to 4095.
Note that the A/D measurement is 8 bits, which is then
shifted by 4 bits before transmission; hence, its actual
range is 0x0000 to OxOFFO.

Each data source has its own unique Base Transmit ID
obtained from the settings of DIP #3 and DIP #4. These
settings are shown in Table 4.

The MCP2515 CAN controller has a 125-Kbit rate and
the polling method is used. The use of interrupts would
be easier in the system, but polling allows the interrupt
pins to remain free for other potential functions in the
system.

There are three methods for transmitting information:

1. Responding to an external event (event driven).

2. Sending messages at regular intervals (timed
transmission). The time of the event may be
unknown.

3. A combination of the first two. The receiver can
expect messages at a maximum known interval.

The flowcharts for the operation of the source code are
shown in Figure 4 through Figure 24. The subroutines
contain the actual name and the function it performs

TABLE 4: DIP SWITCH ID SETTINGS FOR within the flowchart, so that it can be easily referenced
TRANSMITTING with the source code. Table 5 gives the function names
used and a brief description of the function. In the
DIP #3 | DIP #4 ID electronic version of this document, clicking of the
0 0 All transmissions are disabled function name will ink you to the page for that function.
0 1 0x100
1 0 0x200
1 1 0x300
TABLE 5: SOFTWARE FUNCTION DESCRIPTIONS
Function Name Function Description NFL:%UJ;
Mai n This is the main loop of the program. Figure 4
Har dst art Does a full initialization of the system. Figure 5
Init Initializes the PIC16F87X registers. Figure 6
I ni t SPI Port Initializes the PIC16F87X SPI port. Figure 7
I nit2515 Initializes the MCP2515 registers. Figure 8
Read3201 Reads the specified register in the MCP3201 (A/D Converter). Figure 9
ReadA2D Reads the specified register in the MCP3201 (A/D Converter). Figure 10
Wi t ANDeqZ Waits for pending messages. Figure 11
Check CANMVsg Checks for messages in the receive buffer. Figure 12
Par seCAN Set up messages for the PWM output. Figure 13
Reset 2515 Resets the MCP2515. Figure 14
Bi t M0d2515 Modifies the value of a specified bit in the MCP2515. Figure 15
Wt 2515Reg Writes the specified register in the MCP2515 (CAN interface). Figure 16
Set Nor mal Mode Sets the MCP2515 to normal operating mode. Figure 17
Rd2515Reg Reads the specified register in the MCP2515 (CAN interface). Figure 18
Qut put PVWM Loads the PWM Duty Cycle registers with the values in the Figure 19
specified registers.
I ni t SPI Buf Initializes SPI buffer for transaction. Figure 20
LoadSPI Byt e Loads the value in the W register into the SPI buffer. Figure 21
ExchangeSPI Initiates the SPI transaction. Figure 22
Wi t SPI Exchange Waits for the SPI transaction to be completed. Figure 23
LoadSPI Zer os Clears the value in the SPI buffer. Figure 24

DS00212C-page 6
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CONCLUSION

The MCP2515 offers a simple method to interface a
CAN network in order to maximize the transmitting and
receiving of data via the CAN bus. This efficient method
allows a wide variety of 1/O devices to be connected to
the network using a Node Board. An advantage in
utilizing this type of system is the ability to monitor sev-
eral Node Boards at any given time. If an error occurs,
it is detected and retransmitted over the bus line until
the receiver Acknowledges the message. Another
advantage is that several Node Boards can work from
one bus line, rather than using a large wiring harness
that connects to a main control panel. Our design dem-
onstrated a way to implement a simple input pressure
switch connected to a Node Board, along with a visual
light source to display the value in terms of brightness.
By this example, several uses for different types of
inputs and outputs can be implemented by using the
basic techniques from this design.

CONTACTING DIVERSIFIED
ENGINEERING
Additional information and CAN related products may

be acquired from Diversified Engineering, Inc. You may
contact them by either calling:

(202) 726-7676
or by visiting their web site:
www.diveng.com

© 2010 Microchip Technology Inc.
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FIGURE 4: MAIN PROGRAM LOOP (Mai n)
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FIGURE 5: HARDSTART (Har dst art)
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FIGURE 6: INITIALIZE PICmicro® MCU (I ni t)
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FIGURE 7: SETUP SPI PORT (I ni t SPI Por t)
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FIGURE 8:

SETUP MCP2515 REGISTERS (I ni t 2515)
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FIGURE 9: READ A/D PRESSURE (Read3201)
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FIGURE 10:

READ A/D REFERENCE (ReadA2D)
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FIGURE 11: WAIT FOR PENDING MESSAGES (Wi t ANDeqZ)
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FIGURE 12: CHECK CAN MESSAGE (Check CANVsg)
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FIGURE 13: PARSE THE MESSAGE (Par seCAN)
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FIGURE 14:

RESET MCP2515 REGISTERS (Reset 2515)
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FIGURE 15: WRITE DATA IN REGISTER USING MASK (Bi t Mod2515)
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FIGURE 16:

WRITE BYTE IN MCP2515 REGISTER IN W (Wt 2515Reg)
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FIGURE 17: SET NORMAL MODE (Set Nor mal Mode)
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FIGURE 18: READ REGISTER ADDRESS IN W (Rd2515Reg)
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FIGURE 19: OUTPUT PWM (Cut put PVW)
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FIGURE 20: INITIALIZE SPI BUFFER (I ni t SPI Buf)
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FIGURE 21: LOAD BYTE IN W TO SPI BUFFER (LoadSPI Byt e)
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FIGURE 22: INITIATE SPI TRANSACTION (ExchangeSPI )
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FIGURE 24: LOAD NUMBER OF ZEROS IN W TO SPI BUFFER (LoadSPI Zer o0s)
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. SCHEMATICS

APPENDIX A

CAN NODE BOARD
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ANALOG INPUT BOARD

FIGURE 2:
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APPENDIX B: BILL OF MATERIALS

TABLE 1:

BILL OF MATERIALS (PAGE 1 OF 2)

BILL OF MATERIALS

(NODE BOARD)

Qty Reference Description Mfg Part Manufacturer
1 PC BRD PC BOARD 110501 A/A
4 C9-C12 CAP, MLC,50V, NPO, 5%, 0805, MCH215A180JK ROHM
18 pF
1 cs CAP, MLC, 50V, X7R, 10%, 0805, | MCH215C102KK ROHM
1000 pF
5 C1, C3-C6 CAP, MLC, 50V, X7R, 10%, 0805, C0805C104K5RAC7210 |KEMET
A uF
1 Cc2 CAP, ELEC, 16V, 20%, VA-B, 10 uF | EEV-HB1C100R PANASONIC
1 D1 DIODE, 200V, 1A, DO-214BA GF1D Gl
1 J4) DIP SHUNT, GOLD, 2 POS. SNT-100-BK-G SAMTEC
1 GND TEST POINT 2305-3-00-44-0000070 | MILLMAX
1 (Us) SOCKET, 250V, DIP18, TIN BER 2-641611-1 AMP
COP
1 (U4) SOCKET, 250V, ROUND PIN, 110-99-328-41-001 MILLMAX
28-PIN, F
2 Ji,J2 CONN, MTA100, 4-PIN MALE 640456-4 AMP
1 J4 CONN, .025SQX.1, 250V, 3A, 2PIN, |"TSW-102-07-T-S SAMTEC
M, .230
1 J3 CONN, SINGLE ROW, RA, CES-115-02-T-S-RA SAMTEC
15P0S, F
5 RX, TX, ICD, DO NOT INSTALL
CAN-IN, U5
2 R6, R7 RES, .1W, 5%, 0805, 1K MCR10J102 ROHM
4 R2-R5 RES, .1W, 5%, 0805, 10K MCR10J103 ROHM
1 R8 RES, .1W, 5%, 0805, 120 OHM MCR10J121 ROHM
1 R1 RES, .1W, 5%, 0805, 47K MCR10J473 ROHM
1 S1 SWITCH, PUSH, MOM, 6 MM TL1105EF250 E-SWITCH
1 S4 SWITCH, DIP8, SPST, 50V, 100 mA, |206-4ST CTS
4 POS
1 U6 IC, CAN_CONTROLLER, DIP18, MCP2515-1/P MICROCHIP
CMOS, |
1 U4 IC, MICRO, DIP28, FLASH PIC16F873-20/P MICROCHIP
1 u7 IC, CAN_INTERFACE, SO8 MCP2551 MICROCHIP
1 Q5 REG, 5V, .1A, SOT-89 NIM78LO5UA NJR
1 X2 CRYSTAL, 4 MHz, CSM-7 ECS-40-20-5P ECS
1 X1 CRYSTAL, PARALLEL, CSM-7, ECS-160-20-5P ECS
16.00 MHz
1 110500 OSDA LABOR 110500 OSDA
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TABLE 1: BILL OF MATERIALS (PAGE 2 OF 2)
BILL OF MATERIALS
(NODE BOARD)
Qty Reference Description Mfg Part Manufacturer
1 PCB PCB, CAN-NE ANALOG IN 110511 AJA PCB
2 Ce6, C10 CAP, MLC,16V, Y5V, +80-20, 0805, | MCH213F105ZP ROHM
1pF
2 C5, C13 CAP, MLC, 50V, X7R, 10%, 0805, |MCH215C103KK ROHM
.01 pF
7 C1-C4, C8, C11, |CAP, MLC, 50V, X7R, 10%, 0805, |CO0805C104K5RAC721 |KEMET
C12 A pF 0
1 Cc7 CAP, ELEC, 16V, 20%, VA-B, 10 uF | EEV-HB1C100R PANASONIC
1 D1 DIODE, 200V, 1A, DO-214BA GF1D Gl
1 TB1 TERM BLOCK, TH, 5POS, .1PITCH | 1725685 PHEONIX
1 (J8) SHUNT, DUAL, TIN, 2X2 MNT-102-BK-T SAMTEC
1 J8 CONN, DUALROVW, .025SQ, 3A, TSW-104-07-T-D SAMTEC
8POS
1 J3 CONN, SINGLE_ROW, RA, TSW-115-08-T-S-RA SAMTEC
15P0OS, M
2 XDUCER1, R11 | DO NOT INSTALL
2 R8, R9 RES, .1W, 1%, 0805, 1K MCR10F1001 ROHM
5 R1, R3, R5, R6, |RES, .1W, 1%, 0805, 10.0K MCR10F1002 ROHM
R10
2 R4, R7 RES, .1W, 1%, 0805, 30.1K MCR10F3012 ROHM
1 R13 RES, 1/10W, 1%, 0805, 39.2K MCR10F3922 ROHM
1 R12 RES, 1/10W, 1%, 0805, 61.9K MCR10F6192 ROHM
1 RP3 RES, POT, 1/2W, 10%, 20K 3299Y-203 BOURNS
1 RP1 RES, POT, 1/2W, 10%, 50K 3299Y-503 BOURNS
1 R2 THERMISTOR, tc-4.6, 10k, 1s .1", |ERT-D2FHL103S PANASONIC
disc, TH
1 u4 IC, MEMORY, DIP8, E2PROM, 25C040/P MICROCHIP
512X8
1 u3 IC, ADC, DIP8, 12-BIT, CMOS, MCP3201-C/P MICROCHIP
+/-2 LSB
2 U1, U2 IC, CMOS, DIPS8, DUAL_OPAMP, | MCP602/P MICROCHIP
LOW_POWER
1 REF1 REG, VOLTAGE_REFERENCE, REF198FA ANALOG_DE
4 096V, SO8, F
VR1 REG, 5V, .1A, SOT-89 NJM78LO5SUA NJR
CAN-NET ANALOG IN 110510 OSDA
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Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) is intended and supplied to you, the
Company'’s customer, for use solely and exclusively with products manufactured by the Company.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN “AS IS” CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

APPENDIX C: SOURCE CODE

B R R R R R
’

; Mcrochi p CAN Ref erence Design
; node.asm

; Mke Richitelli

; Diversified Engineering

; 283 Indian R ver Road

; Orange, CT 06477

; (203)-799-7875 fax(203)799-7892
;  WAW DI VERSI FI EDENG NEERI NG. NET

B R R R SRR RS R RS R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEREREE
’

B R R R R RS S R S S RS R R R R R R R RS R EEEEEEEEEEEEEEEEEEEEEEERERESE
’

TITLE " CAN_Ref Design "

B R R R R
’

dVer si on equ 1
dRel ease equ 5

; Transmits CAN nessage every 131 nfSec. Message contains two data

; bytes

; that represent a 12 bit value with least significant byte

; sent first.

; Cycles between three outputs:

; Pot: Value goes fromO to OxFFO as Pot is turned cl ockw se.
; IDis selected fromDIP switches #3 and #4 as fol |l ows:

; #3 #4 | D

; 0 0 transm ssi on di sabl ed
; 0 1 0x100

; 1 0 0x200

: 1 1 0x300

; Push button switch: Switch open => 0, Switch closed => OxFFF
; IDis Pot ID+ 0x010

; CdS: Value goes fromO to OxFFO as Pot is turned clockw se.
; IDis Pot ID+ 0x020

; CAN nessages received are assumed to be 12 bit data sent as two ; ;
; bytes,
; | east significant byte first.

; The base I D for receiving CAN nessages is specified by D P
; switches #1 and #2:

; #1 #2 1D

; 0 0 0x000
; 0 1 0x100
; 1 0 0x200
; 1 1 0x300
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; Lanp: If the nessage ID natches the ID selected by the D P

; switches the 12 bit data is used to generate a PWM

; out put

; where a 0 value gives a zero duty cycle and OxFFF

; gener ates

; a 100% duty cycle. The lanp output is proportional to
; the duty cycle.

; IDis Base ID

; LED: On if value received is >= 0x800 and off if < 0x800.
; IDis Base ID + 0x010

. Pl C16F876 Mcro ----- :

LI ST P=16F876
LI ST r=dec, x=on, t =of f

#i ncl ude "P16F876. | NC'

__CONFIG

_BODEN_ON&_CP_OFF& WRT_ENABLE_ON& PWRTE_ON& WDT OFF& HS_OSC& DEBUG OFF& CPD_OFF& LVP_OFF

__IDLOCS (dVersion<<8)|dRel ease ; version: vvrr , vv- version, rr - release

#incl ude "MACROS16. | NC'
#i ncl ude "MCP2515. | NC'

; errorlevel O,-306,-302,-305

(kkxkkkkk constants
;Grystal freq 4.00 Mz, Fosc/4 =1 uS

; Timer 1: Uses no prescale => Tic is 1 uSec
; 8 bit rollover 256 uSec
; 16 bit rollover 65.536 nfSec

; 8 bit tiners

; TMRIL: 1 uSec tics with maxi mumof 1/2 rollover = 128 uSec nmaxi num
; TMR1IH: 256 uSec tics with maxi mumof 1/2 rollover = 32.768 nsec
;maxi num

; A/D selection ( value of ADCONO )

#def i ne dA2DRAO B' 01000000’ ; fosc/8 clk, RAO, A/D off
#def i ne dA2DRA3 B' 01011000' ; fosc/8 clk, RA3, A/D off

R R R R R R S R R S R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEEREREE
:
; special function defines

#def i ne _SSPEN SSPCON, SSPEN ; SPI enable

B R R R R R ]

© 2010 Microchip Technology Inc.
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;; Ceneral control flags definitions

#define tbWork
#define tbReset

#defi ne t bNewSPI
#define t bRxMsgPend
#define tbTxMsg
#defi ne t bRC2ZNowHi gh

sk kkhkhkhkhkkkokkokkk ok kK PIN DEFI NI TI O\IS
#define tp2510_CS_  PORTA 1

;5 110

#define tpSwitch_ PORTB, 1
#define t pLED PORTB, 2
;7 Analog In

#define t pA2D_CS_ PORTB, 1
#define t pEE_CS_ PORTB, 2

chkkkkkhkkhkhkhkhkhkhkhkhkk ok ok k LmAL REG STER

bGenFl ags1, 0 ;o working bit

bGenFl ags1, 1 ; must reset

bGenFl ags1, 2 ; new SPI data avail able
bGenFl ags1, 3 ; new CAN nessage received
bGenFl ags1, 4 ; xmit next CAN nessage
bGenFl ags1, 5 ; Robot PWM signal high

; CS_ for MCP2515 chip

; Push button switch, Open => high

; LED

. CS_ for 3201 A2D chip

; CS_ for 25040 E2

kkhkkhkkhkkhkhkhkhkhhhhhhhhhhhhhhhhhkhkhhkkkxkx*k

STmAE kkhkkhkkhkkhkhkhkhkhhhkhkhhhhhhhhhkhhkkkxkx*x

cbl ock 0x20

;5 interrupt variables

bl nt SaveSt ; save Status
bl nt SaveFSR ; save FSR
bl nt SavPCLATH ; interrupt storage for PCLATH
bl nt Wor k ; wor ki ng
il ntwWork: 2 ;. wor ki ng
;; general work space
bGenFl ags1 ; general control flags 1
bGenFl ags?2 ; general control flags 2
bWor k ; work byte
bWor k1 ; work byte
i Work: 2 ; work integer
bCnt ; work byte counter
;; Arithnetic
i A2 ; 2 byte integer
i B:2 ;2 byte integer
7 Timerl
i Timerl: 2 ; counts Timerl rollover
bGend k ; general clock
bXm t C k ; Countdown to xmit next nessage

;7 In/Qut variabl es
i A2DVal ue: 2
bPWwWal ue
i RecVal ue: 2

;5 general control
bSwXmi t | D
bBaseRecl D
bRec!| DNext
bXm t1D
bNext MsgType

;; Received CAN nmessage

i Recl D_L

12 bit or 8 bit A2D val ue
8 bit PWMval ue
12 bit received val ue

ID for transmission fromDI P swtch
ID for reception fromDI P switch
Rec Base ID + 1

ID for transm ssion of next nsg

Sel ect next nsg

I D of received message (3 bits left

DS00212C-page 32
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;justified)

i Recl D_H ; 1D of received message (8 bits |eft
;justified)

bRecCount ; nunber of bytes received

pRecDat aBase: 8 ; received data

;; Low level SPI interface

b2510RegAdr ; Regi ster address
b2510RegDat a ; Data sent/received
b2510RegMask ; Bit Mask
; following used in interrupt
bSPI Cnt ; # bytes renmining to receive
pSPI Buf ; Pointer into buffer
pSPI Buf Base: 12 ; Base of SPI receivel/xnit buffer

endc

; storage for interrupt service routine
; Wsaved in one of these |ocations depending on the page sel ected
; at the time the interrupt occured

bl nt SaveWd equ Ox7F ; interrupt storage for W
; ============ BANK 1
bl nt SaveWl equ OxFF ; interrupt storage for W

B R R R RS R S RS R R R R RS R EEEEEEEEEEEEEEEEEEEEEEERERESES
’

ckkkkkkkk kK Khkkhkhkhkhkhkhhkhhhhhhhhhhhkhhhhhhhkhdhkhhkhhkhdkkhkkkkkk
; LOCAL MACR

B R R R R RS RS S RS R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

; Shift left 2 byte integer once.

i ShiftL macro i Var
bcf _C ; clear carry bit
rlf iVar, F
rlf iVar+1, F
endm

; Shift right 2 byte integer once.

i ShiftR macro i Var
bcf _C ; clear carry bit
rrf iVar+1, F
rrf iVar, F
endm

; Increnent 2 byte integer

intlnc nmacro i Var
i ncf iVar, F
ski pNz
i ncf iVar+1, F
endm

;; Set TRMLH 8 bit clock
; TMR1H: 256 uSec tics with maxi rumof 1/2 rollover = 32.768 nsec ;
; maxi mum

Set 1HCl ock macro bd k, Val ue

nmovfw TVR1H
addl w Val ue
novwf bd k
endm

© 2010 Microchip Technology Inc.
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Junmp to jLabel if TMRIH (|l ow byte) < bdk

j mp1HNot Yet nmacro bd k, j Label

nmovfw TVMR1H
subwf bd k, W
andl w 0x80

j mpzZ j Label
endm

Junmp to jLabel if TMRIH (|l ow byte) < bdk

nmovfw TVMR1H
subwf bd k, W
andl w 0x80

j MmNz j Label
endm
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

; Begi n Program Code

B R R R R

ORG 0x0 ;menmory @ 0x0
nop ;nop | CDH!

goto Har dSt art

ORG 04h ;I nterrupt Vector @ O0x4

B R R R R R R S R S R R R R SRR R R SRR EEEEEEEEEEEEEEEEEEEEEERERESES
’

; Interrupt service routine - nmust be at location 4 if page 1 is used
; Context save & restore takes ~20 instr
;**********************************************************************
;; Gobal int bit, GE has been reset.
;7 Wsaved in blntSaveW or blntSaveWe dependi ng on the bank
;sel ected at
;; the tine the interrupt occured.
novw bl nt SaveW) ; save Win either of two locations
; dependi ng on bank currently
; sel ected

;; only way to preserve Status bits (since nmovf sets Z) is with a
;7 swapf command now

swapf STATUS, W ; Status to Wwi th nibbles swapped
BANKO

novwf bl nt SaveSt

nmovf w FSR

novwf bl nt SaveFSR ; save FSR

novf PCLATH, W

nmovw bl nt SavPCLATH ; interrupt storage for PCLATH
clrf PCLATH ; set to page O

;; Must determi ne source of interrupt
;5 SPI interrupt
btfsc _SSPI F ; SPI interrupt
goto I nt SPI
j mpSet _TMRLIF,jIntTimerl ; Tinerl overflow interrupt flag

;' unknown

;; restore registers and return

I nt Return
BANKO
novf bl nt SavPCLATH, W ; interrupt storage for PCLATH
novwf PCLATH
nmovf bl nt SaveFSR, W ; restore FSR
novwf FSR
swapf bl nt SaveSt, W; get swapped Status (now unswapped)
nmovwf STATUS ; Wto Status ( bank select restored )
swapf bl nt SaveWd, F ; swap original Win place
swapf bl nt SaveWd, W; now | oad and unswap ( no status
; change)
retfie ; return frominterrupt

© 2010 Microchip Technology Inc. DS00212C-page 35
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chkkkkkhkhkkhkhkhkhkhkhkhkk ok ok k khkkhkkhkkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhdxkxkx*k
; I D TABLE

; Look up ID associated with bits 0,1 in W
Rx| DTabl e addwf PCL, F ;Junmp to char pointed to in Wreg
;( adds 5bits from PCLATH )

retlw 0x00 ;
retlw 0x20 ;
retlw 0x10 ;
retlw 0x30 ;

Rx| DTabl e_End

#if ( (RxIDTable & OxF00) != (RxlDTabl e_End & OxF00) )

MESSG "Warning - Table crosses page boundry in computed junp"

w N+~ O

#endi f

; Look up ID associated with bits 0,1 in W
Tx| DTabl e addwf PCL, F ;Jump to char pointed to in Wreg
;( adds 5bits from PCLATH )

retlw OXFF ;
retlw 0x20 ;
retlw 0x10 ;
retlw 0x30 ;

TxI| DTabl e_End

#if ( (TxIDTable & OxF00) != (TxIDTabl e_End & OxF00) )

MESSG "Warning - Table crosses page boundry in computed junp”

w N+~ O

#endi f

chkkkkkhkhkkhkhkhkhkhkhkhkk ok kk LI BRARY STmAE & FUNC‘I’I O\IS khkkhkkhkkhkhkkhkhhhkhhhhhhkhkhhkkkxkx*k

#i ncl ude "CanLi b. asnt ; basic MCP2515 interface routines
#i ncl ude "a2d3201. asnt ; MCP3201 AD routines
sk kkhkhkhkhkkkokkokkkkxk Local Interrupt l_'andl ers IR R EEREEEEREEREEREEREEEEESEESESEE]

B R R R R R RS S R R R R RS EEEEEEEEEEEEEEEEEEEEEEEREREES
;iIntTinmerl
; Timerl rollover interrupt.

B R R R R RS S R S S R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEERERESE

jIntTinmerl ; Timerl overflow interrupt flag
bcf _TMRLI F ; tinmerl rollover interrupt flag
intlnc i Timerl

j mpFeqz bXm t d k, I nt Return

decfsz bXm td k, F ; Countdown to xmit next nessage
goto I nt Return

; Countdown to xmit next message

bsf tbTxMsg ; xmit next CAN nsg
goto I ntReturn

DS00212C-page 36
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

; I nt SPI

; A single buffer, at pSPIBufBase, is used for both SPI receive and
; transmit. Wen a byte is removed fromthe buffer to transmt it is

; replaced by the byte received.

; When here the buffer pointer, pSPIBuf,

points to the |ast byte |oaded

; for transmission. This is the location that the received byte will be stored.

; When here the count, bSPICnt, contains the nunber of bytes remaining
; to be received. This is one |less then the nunber renmaining to be
; transmitted. Wen bSPICnt reaches zero the transaction is conplete.

-**********************************************************************I nt SPI
’

bcf _SSPIF

clear interrupt flag

;5 Transfer received byte to the next location in the buffer

bV2bvVv pSPI Buf , FSR
i ncf pSPI Buf , F
nmovfw SSPBUF
novwf | NDF

decfsz bSPI Cnt , F
goto jIntSPI1

;; Last transaction conpl eted

bsf t p2510_Cs_
goto I nt Return
jIntSPI1
;; Fetch next byte from buffer and
i ncf FSR, F
nmovf w | NDF
novwf SSPBUF
goto I nt Return

get data & clear buffer flag
put it into SPl buffer

More bytes to send

; CS_ for MCP2515 chip

oad it for transm ssion

get byte from buffer
send it

© 2010 Microchip Technology Inc.
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE
’
R R R R R R R S R R S RS R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESE
’

B R R R R
’

Har dSt art
call Init

;; Make sure no chips are sel ected
bsf t p2510_Cs_ ; CS_ for MCP2515 chip

;7 Read DIP switch and create bBaseRecl D and bSwXnit1D

;; Rec ID bits are at pins 0,1 of PORTC and are logic high =1
nmovfw PORTC
andl w 0x03
cal | Rx| DTabl e
novwf bBaseRecl D

;; Xmt IDbits are at pins 6,7 of PORTC and are logic low = 1
swapf PORTC, W
nmovw bSwXmi t| D

rrfbSwXmtID, F
rrfbSwXnmitl D W

andl w 0x03
call Tx| DTabl e
novw bSwXmi t | D

7, Setup SPI port
call I ni t SPI Por t

;5 Wait 28 nS for MCP2515 to initialize ( there is no significance to 28 nS -
;; we just selected a large time since tine is not critical)

Set 1HC ock bGend k, 100 ; 277.77 uSec tics

j mp1HNot Yet bGenC k,jlnit5
;; Setup all MCP2515 registers

call Init2510

bsf tbTxMsg ;o xmit flag
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j Mai nLoop cl rwdt

i XM T CODE
jmpdr t bTxMsg, j Mai n10 ; not tinme to xmit next CAN nsg
;yet
bcf t bTxMsg ; reset xmt flag
;5 Reload counter
nmov| w 2 ; 65 nB units
novw bXm t C k ; Countdown to xmit next nessage

j mpFeqL bXmi t 1 D, OXFF, j Mai n10 ; Transmi ssion turned off

;; Time to xmt next CAN nessage. Select source of message and | D
;; to use for transm ssion

;; <<<<< Anal og | nput Board >>>>>

j mpFeqL bNext MsgType, 0, Xm t 3201
j npFeqL bNext MsgType, 1, Xmi t RAO
goto j Mai n8

s kkkkkkkk ok ok Po‘r khkkhkkhkhhhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhdddhhhhrrhhdxdxix*x
’

Xm t 3201
cal | Read3201 ; read 3201 AD
nmovfw bSwXmi t | D ; Use DIP Tx address for transm ssion
novwf bXmit1D
i ncf bNext MsgType, F ; Next tine use next source and ID
goto j Mai n8
Xm t RAO ;; Use Pot as input
nmovl w dA2DRAO ; fosc/8 clk, RAO, A/D off
cal | ReadA2D ; Read A/D port in W
nmovf w bSwxmi t| D ; Use DIP Tx address for transm ssion
addl w 0x01
novwf bXmit1D
clrf bNext MsgType ; clear next nessage
goto j Mai n8
j Mai n8
;7 Wait for pending nessages to be sent (ALL BUFFERS)
bL2bV 0x08, b2510RegMask
nmovl w TXBOCTRL
cal | Wai t ANDeqZ

; Send CAN nmessage with
M ID = bXmitlID
o Two data bytes: i A2DVal ue, i A2DVal ue+1

SPI _WiteV TXBOSIDH, bXmit|D ; Message I D
SPI _WitelL TXBOSI DL, 0x00 ; Send nessage - lower bits O
SPI _WitelL TXBODLC, 0x02 ; 2 data bytes

; Send least significant byte first
SPI _WiteV TXBODO, i A2DVal ue
SPI _WiteV TXBOD1, i A2DVal ue+1
SPI _Rts RTSO ; Transmit buffer O

© 2010 Microchip Technology Inc.
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j Mai n10

1 RECEI VE CODE

cal | Check CANMVsg
jmpdr t bRxMsgPend, j Mai nLoop

;; new CAN nmessage received

cal | Par seCAN
bcf t bRxMsgPend ; new CAN nessage received
goto j Mai nLoop

R R R R R RS R R SRS R R R R E R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES
; Qut put PVWM
; Cut put PWM - Uses PWML out put .

B R R R R RS R SRR R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES

Cut put PWM
nmovfw bPWwWal ue ;8 bit PWMval ue
novw iA
clrf i A+l

;5 W= 0 - 255. Load into PW register.

;7 load LONER 2 bits into CCPICON bits 5,4

;; load UPPER 6 bits (shifted right by 2 ) into CCPR1L

;; this is high res 8 bit node (upper 2 bits of 10 bit word are

; Zero)
novf iAW ; low byte to W
clrf i A+l
rrf iAF ; low bit to carry
rrf i A+1, F ; nmobve carry into upper bit
rrf iAF ; low bit to carry
rrf i A+l F ; move carry into upper bit
rrf i A+tl, F ; nmove to 6,5
rrf i Atl, W ; nove to 5,4 in W
andl w B' 00110000' ; mask other bits
iorlw B' 00001100’ ; turn on PWM node
novwf CCP1CON ; set PWML and lower 2 bits
;; get upper 6 bits
novf iAW
andl w B'001111171" ; mask upper 2 bits
nmovw CCPR1L
return
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE

; ReadA2D

; This functions reads anal og i nput and stores the result

; in iA2DValue as a 12 bit value. Value in Wis used to set
; ADCONO to select correct port.

B R R R
’

ReadA2D

;; setup A/D to select port, etc
novwf ADCONO

;; turn on AID

bsf ADCONO, 0 ; A/D on
;; allow 50us for settling

nmov| w 25

novwf bCnt

ReadAD10
decfsz bCnt, F
goto ReadAD10

;7 begin conversion

bsf ADCONO, 2 ; G0
ReadAD20 | npSet ADCONO, 2, ReadAD20 ; wait for done bit
nmov f ADRES, W
novw i A2DVal ue
clrf i A2DVal ue+1

;; Convert to 12 bit
i ShiftL i A2DVal ue
i ShiftL i A2DVal ue
i ShiftL i A2DVal ue
i ShiftL i A2DVal ue
return
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE

; Par seCAN <<<<<| NPUTS>>>>>

; Parse nessage. Assunes nessage is two byte 12 bit data.

; Uses bBaseRecl D and bRecl DNext to accept nessage for PWM
; out put .

B R R R R ]
’

Par se CAN

ckkkkkkkkkk R R R R EEEEEEEEEEESEREEREEESEESREEEEEEEEEEESEEEEEES
; Anal og In Board

nmov| w b' 00001111'
andwf iRecl D_H W
novwf iA
j npFeqL i A, 0x0, | DxO ; check for 1D x0
goto j Par CANRet
| DxO ;5 X0 input send PWM
;to lanp
;5 12 bits of data
bV2bvVv pRecDat aBase, i RecVal ue
bv2bVv pRecDat aBase+1, i RecVal ue+1

;5 new PWM val ue pendi ng

bV2bVv i RecVal ue, i A
bV2bV i RecVal ue+1, i A+1 ;12 bit received val ue

;; convert to 8 for PWM out

ishiftR 1A
iShiftR 1A
ishiftR 1A
ishiftR 1A

;; Convert to 8 bit

bV2bvVv i A, bPWWal ue
cal | Qut put PVM
goto j Par CANRet

j Par CANRet
return
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE

;Init2510

-k
’
-k

Functi on: I'ni t_MCP2515()
Pl ace MCP2515 initialization here...

B R R R R S R R SRS R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES

Init

; Set

2510

;; Reset MCP2515
cal | Reset 2510

;; set CLKOUT prescaler to div by 4
bL2bV 0x03, b2510RegMask
bL2bV 0x02, b2510RegDat a
nmov| w CANCTRL
cal | Bi t M0d2510

physi cal layer configuration

Fosc = 16MHz

BRP = 7 (divide by 8)
Sync Seg = 1TQ
Prop Seg = 1TQ
Phase Segl = 3TQ

Phase Seg2 = 3TQ

TQ = 2 * (1/Fosc) * (BRP+1)
Bus speed = 1/(Total # of TQ * TQ

SPI _WitelL CNF1, 0x07 ; set BRP to div by 8
; #def i ne BTLMODE_CNF3 0x80
; #def i ne SMPL_1X 0x00
; #defi ne PHSEGL_3TQ 0x10
; #define PRSEG 1TQ 0x00

SPI_WiteL CNF2, 0x90

; #defi ne PHSE&_3TQ 0x02

SPI _WiteL CNF3, 0x02

;; Configure Receive buffer 0 Mask and Filters
;; Receive buffer 0 will not be used
SPI_WitelL RXMDSI DH, OXFF
SPI _WiteL RXMDSI DL, OxFF

SPI _WitelL RXFOSI DH, OxFF
SPI _WitelL RXFOSI DL, OXFF

SPI _WitelL RXF1SI DH, OxFF
SPI _WitelL RXF1SIDL, OxFF

;7 Configure Receive Buffer 1 Mask and Filters
SPI _WitelL RXMLSI DH, OxFF
SPI _WitelL RXMLSI DL, OxEO

;; Initialize Filter 2 to match x0 bBaseRecl D from DI P switch
SPI _WiteV RXF2SI DH, bBaseRecl D
SPI _WitelL RXF2SI DL, 0x00 ; Make sure EXIDE bit (bit 3)
set correctly in filter

i Initialize Filter 3 to match x1 from DI P switch
i ncf bBaseRecl D, F
SPI _WiteV RXF3SI DH, bBaseRecl D
SPI _WitelL RXF3SI DL, 0x00

;7 Initialize Filter 4 to match x2 from DI P switch
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i ncf bBaseRecl| D, F
SPI _WiteV RXF4SI DH, bBaseRecl D
SPI _WitelL RXF4SI DL, 0x00

;7 Initialize Filter 5 to match x3 from DI P switch
i ncf bBaseRecl| D, F
SPI _WiteV RXF5SI DH, bBaseRecl D
SPI _WitelL RXF5SI DL, 0x00

nmov| w b' 11110000’
andwf bBaseRecl| D, F

;; Disable all MCP2515 Interrupts

bL2bV 0x00, b2510RegDat a
nmovI| w CANI NTE
cal | Wt 2510Reg

i, Sets normal node
cal | Set Nor mal Mode
return

B R R R R RS S R R S S R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE

; ProcessSPI

’
B R R R R R S R S RS R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESE
’

Pr ocessSPI
ski pSet bSPI Cnt , 2
;; buffer not full yet
return

;; disable SPI interupt
BANK1
bcf _SSPIE_P ; SSP int enable (BANK 1)
BANKO

;; enable SPI
BANK1
bsf _SSPIE_P ; SSP int enable (BANK 1)
BANKO
return

B R R R R R R RS R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEREREES
; Wai t MSec

; Del ay W nunber of Msec Routines (255 nax)

; Actually slightly larger than 1 nS

B R R R R ]
’

Wi t MSec
movwf bCnt ;store Msec -> bCnt

j Wai t MsecO
cl rwdt ;clear wdt

; TMR1H: 256 uSec tics with maximumof 1/2 rollover = 32.768 nsec
; maxi mum
Set 1HC ock bGend k, 4 ;. 256 uS

j Vi t MSecl
j mp1HNot Yet bGenCl k, j Wai t MSecl

decfsz bCnt, F
goto j Wi t MsecO
return
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’
B R R R ]

;lnit
: Initialize

’
B R R R R R S R S S RS R R R SRR R R R R R R EEEEEEEEEEEEEEEEEEEEEEEREREES
’

I nit
cl rwdt ; required before changing wdt to tinerO
;5 clear peripheral interrupts
BANK1
clrf PIE1_P
;7 OPTION_REG PortB Pullups on
;; no prescale for WOT -> should always > 7 nSec ( 18 nf nom nal)
;; Timer 0: Use 64 prescale for 0.27127 * 64 = 17.361 uSec tics
nov| w B' 01000101' ; TimerO prescale 64
novwf OPTI ON_REG_P
;; clear bank O
nov| w 0x20
nmovw FSR
jlnitdrl clrf | NDF
i ncf FSR, F
jmdr FSR, 7,jInitcrl
;; clear bank 1
nmov| w O0xA0
novwf FSR
jlnitdr2 clrf | NDF
i ncf FSR, F
j mpSet FSR 7,jInitdr2
cal | InitlO ;initalize 10 of microcontroller
;; configure Tinerl
BANKO
nmov| w B' 00000001’ ; Prescale = 1, Tiner enabled
novwf T1CON
BANK1
bsf _TMRLI E_P ; timerl rollover interrupt enable
; (page 1)
BANKO
;; init output PMML ( uses timer2 )
BANKO
;; Timer2 (8 bit timer ) set for
nmov| w B' 00000100° ; prescale of 1, internal clk, enable
;timer2

novwf T2CON
; load PWM counter(PR2) with Ox3F ( 8 bit high res node)
; this gives a 15.625KHz signal with 4MHz crysta

BANK1

nmov| w Ox3F
nmovwf PR2_P
BANKO

;; for testing
clrf TMRLL
clrf TMRLH
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;; turn on interrupts

BANKO
nmov| w B' 11000000' ; Enable interrupts ( Periphrals
;only )
novwf | NTCON
return

;5 INITIALI ZE |/ O OF M CROCONTROLLER

InitlO
BANK1
nmov| w b' 00000100’ ;turn on A/D conversion RAO, RAl, RA3
nmovwf ADCON1_P
;, Port A
M 0 in <*>A2D i nput POT<*>
o 1 out(1l) MCP2515 chip sel ect
- 2 in <*>open<*>
- 3 in <*>open<*>
- 4 in <*>open<*>
N 5 out(1l) RST MCP2515
BANKO
novl wB' 00000010' ;; initialize Port A outputs
nmovfw PORTA
BANK1
noviw B 11111101’
nmovwf TRI SA P ;, set Port A
;, Port B
s 0 in Interrupt from MCP2515
N 1 out(l) <*>CS' MCP3201<*>
s 2 out(1l) <*>CS 25004<*>
- 3 in <*>open<*>
- 4 in <*>open<*>
s 5 in RX0OBF from MCP2515
o 6 in | CD
i 7 in | CD
BANKO
novl wB' 00000110' ;; initialize Port B outputs
nmovfw PORTB
BANK1
noviw  B'11111001'
novwf TRI SB_P ;; set Port B
;, Port

C

0 in DI P #1

1 in DI P #2
2 out(0) <*>PWM Qut <*>

s 3 out(0) SPI clock - master
4
5
6
7

i in SPl data in
i out (0) SPI data out
s in DI P #3
s in DI P #4
BANKO
movl w B' 00000000'
nmovwf PORTC
BANK1
nmov| w B' 11010011'
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novwf TRI SC_P ;; set Port C

BANKO
return

i fdef ROBUST
robust design - force WDT reset
FILL (goto WDTReset 1), (OXFFF-$)
WDTReset1 goto WDTReset 1
endi f

END
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; MCP2515. | NC
; Description: This file contains the definitions for the McroChip
; standal one CANbus controller.

; 07/17/99 JPF Original Version
; 09/11/99 JCT Modified for ASM

#def i ne RXFOSI DHOx00
#def i ne RXFOSI DLOx01
#def i ne RXFOEI D80x02
#def i ne RXFOEI DO0x03
#def i ne RXF1SI DHOx04
#def i ne RXF1SI DLOx05
#def i ne RXF1ElI D80x06
#def i ne RXF1ElI DO0x07
#def i ne RXF2SI DHOx08
#def i ne RXF2SI DLOx09
#def i ne RXF2ElI DBOX0A
#def i ne RXF2EI DOOx0B
#def i ne BFPCTRLOX0C
#def i ne TXRTSCTRLOxOD
#def i ne CANSTATOXOE
#def i ne CANCTRLOXOF

#def i ne RXF3SI DHOx10
#def i ne RXF3SI DLOx11
#def i ne RXF3EI D80x12
#def i ne RXF3EI DO0x13
#def i ne RXF4SI DHOx14
#def i ne RXF4SI DLOx15
#def i ne RXF4ElI D80x16
#def i ne RXF4ElI DO0x17
#def i ne RXF5SI DHOx18
#def i ne RXF5SI DLOx19
#def i ne RXF5EI DBOXx1A
#def i ne RXF5EI DO0x1B
#def i ne TECOx1C

#def i ne RECOx1D

#def i ne CANSTAT10x1E
#def i ne CANCTRL10x1F

#def i ne RXMDSI DHOx20
#def i ne RXMDSI DLOx21
#def i ne RXMDEI D80x22
#def i ne RXMDEI DO0x23
#def i ne RXMLSI DHOx24
#def i ne RXMLSI DLOx25
#def i ne RXMLEI D80x26
#def i ne RXMLEI DO0Ox27
#def i ne CNF30x28
#def i ne CNF20x29
#def i ne CNF10x2A
#def i ne CANI NTEOx2B
#def i ne CANI NTFOx2C
#def i ne EFL&OXx2D
#def i ne CANSTAT20x2E
#def i ne CANCTRL20x2F

#defi ne TXBOCTRLOx30
#def i ne TXBOSI DHOx31
#defi ne TXBOSI DLOx32
#defi ne TXBOEI D80x33
#def i ne TXBOEI DO0x34
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#def i ne TXBODLCOx35
#def i ne TXBODOOx36
#def i ne TXBOD10x37
#def i ne TXBOD20x38
#def i ne TXBOD30x39
#def i ne TXBOD40x3A
#def i ne TXBOD50x3B
#def i ne TXBOD60x3C
#def i ne TXBOD70x3D
#def i ne CANSTAT30x3E
#defi ne CANCTRL30x3F

#def i ne TXB1CTRLOx40
#def i ne TXB1SI DHOx41
#defi ne TXB1SI DLOx42
#def i ne TXB1ElI D80x43
#def i ne TXB1EI DO0x44
#def i ne TXB1DLCOx45
#def i ne TXB1D00x46
#def i ne TXB1D10x47
#def i ne TXB1D20x48
#def i ne TXB1D30x49
#def i ne TXB1D40x4A
#def i ne TXB1D50x4B
#def i ne TXB1D60x4C
#def i ne TXB1D70x4D
#def i ne CANSTAT40x4E
#def i ne CANCTRL40x4F

#defi ne TXB2CTRLOx50
#def i ne TXB2SI DHOx51
#def i ne TXB2SI DL0Ox52
#defi ne TXB2ElI DB0x53
#def i ne TXB2EI D00x54
#def i ne TXB2DLCOx55
#def i ne TXB2D00x56
#def i ne TXB2D10x57
#def i ne TXB2D20x58
#def i ne TXB2D30x59
#def i ne TXB2D40x5A
#def i ne TXB2D50x5B
#def i ne TXB2D60x5C
#def i ne TXB2D70x5D
#def i ne CANSTAT50x5E
#def i ne CANCTRL50x5F

#def i ne RXBOCTRLOx60
#defi ne RXBOSI DHOx61
#def i ne RXBOSI DLOx62
#def i ne RXBOEI D80x63
#def i ne RXBOEI DO0Ox64
#def i ne RXBODLCOx65
#def i ne RXBODOOx66
#def i ne RXBOD10x67
#def i ne RXBOD20x68
#def i ne RXBOD30x69
#def i ne RXBOD40x6A
#def i ne RXBOD50x6B
#def i ne RXBOD60x6C
#def i ne RXBOD70x6D
#def i ne CANSTAT60x6E
#defi ne CANCTRL60x6F

#def i ne RXB1CTRLOx70
#def i ne RXB1SI DHOx71
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#def i ne RXB1SI DLOx72
#def i ne RXB1ElI D80x73
#def i ne RXB1EI DOOx74
#def i ne RXB1DLCOx75
#def i ne RXB1D0O0x76
#def i ne RXB1D10x77
#def i ne RXB1D20x78
#def i ne RXB1D30x79
#def i ne RXB1D40x7A
#def i ne RXB1D50x7B
#def i ne RXB1D60x7C
#def i ne RXB1D70x7D
#def i ne CANSTAT70x7E
#def i ne CANCTRL70x7F

;; Bit definitions

;; Bit definitionsBFPCTRL
#defi ne tr BIBFSBFPCTRL, 5
#defi ne tr BOBFSBFPCTRL, 4
#defi ne tr BLBFEBFPCTRL, 3
#def i ne tr BOBFEBFPCTRL, 2
#defi ne tr BIBFMBFPCTRL, 1
#def i ne t r BOBFMBFPCTRL, 0

i, Bit definitionsTXRTSCTRL
#def i ne tr B2RTSBFPCTRL, 5
#defi ne tr BLRTSBFPCTRL, 4
#defi ne tr BORTSBFPCTRL, 3
#defi ne tr B2RTSVMBFPCTRL, 2
#defi ne tr BLRTSMBFPCTRL, 1
#defi ne tr BORTSMBFPCTRL, 0

i, Bit definitionsCANSTAT
#def i ne tr OPMOD2CANSTAT, 7
#defi ne tr OPMODLCANSTAT, 6
#def i ne tr OPMODOCANSTAT, 5
#defi ne tr| COD2CANSTAT, 3
#defi ne tr| CODLCANSTAT, 2
#defi ne tr| CODOCANSTAT, 1

;; Bit definitionsCANCTRL
#defi ne tr REQOP2CANCTRL, 7
#defi ne tr REQOPLCANCTRL, 6
#defi ne tr REQOPOCANCTRL, 5
#defi ne tr ABATCANCTRL, 4
#def i ne tr CLKENCANCTRL, 2
#defi ne tr CLKPRELCANCTRL, 1
#defi ne tr CLKPREOCANCTRL, O

;; Dit definitionsCNF3
#def i ne tr WAKFI LCNF3, 6
#defi ne tr PHSEG22CNF3, 2
#defi ne tr PHSEG21CNF3, 1
#defi ne tr PHSEG2OCNF3, O

;; Bit definitionsCNF2
#defi ne tr BTLMODECNF2, 7
#defi ne tr SAMCNF2, 6
#define tr PHSEGL2CNF2, 5
#defi ne tr PHSEGL1CNF2, 4
#defi ne tr PHSEGLOCNF2, 3
#defi ne tr PHSEGCNF2, 2
#defi ne trPHSEGLCNF2, 1
#defi ne tr PHSEGOCNF2, 0
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;, B
#defi
#def i
#def i
#defi
#def i
#def i
#defi
#def i

;. Bi
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

7, B
#def i
#defi
#def i
#def i
#defi
#def i
#def i
#defi

7, B
#defi
#def i
#def i
#defi
#def i
#defi
#defi
#def i

i Bi
#def i
#def i
#def i
#def i
#def i
#def i

7, B
#defi
#def i
#def i
#defi
#defi
#def i

i Bi
#def i
#def i
#def i
#def i
#def i
#def i

t

ne
ne
ne
ne
ne
ne
ne
ne

t

ne
ne
ne
ne
ne
ne
ne
ne

t

ne
ne
ne
ne
ne
ne
ne
ne

t

ne
ne
ne
ne
ne
ne
ne
ne

t

ne
ne
ne
ne
ne
ne

t

ne
ne
ne
ne
ne
ne

t

ne
ne
ne
ne
ne
ne

definiti onsCNF1
tr SIWLCNF1, 7
tr SIWOCNF1, 6
t r BRP5CNF1, 5
t r BRPACNF1, 4
t r BRP3CNF1, 3
t r BRP2CNF1, 2
t r BRP1CNF1, 1
t r BRPOCNF1, 0

definitions CANI NTE
t r MERRECANI NTE, 7
t r WAKI ECANI NTE, 6
t r ERRI ECANI NTE, 5
t r TX21 ECANI NTE, 4
t r TX11 ECANI NTE, 3
t r TX0I ECANI NTE, 2
t r RX1l1 ECANI NTE, 1
t r RX0lI ECANI NTE, 0

definitions CAN NTF
t r MERRFCANI NTF, 7
t r WAKI FCANI NTF, 6
t r ERRI FCANI NTF, 5
t r TX21 FCANI NTF, 4
t r TX1I FCANI NTF, 3
t r TX0lI FCANI NTF, 2
t r RX1l1 FCANI NTF, 1
t r RX0I FCANI NTF, O

definitions EFLG

t r RXIOVREFLG, 7

t r RXOOVREFLG, 6

t r TXBOEFLG, 5

t r TXEPEFLG, 4

t r RXEPEFLG, 3

t r TXWAREFLG, 2

t r R\WAREFLG, 1

t r EWARNEFLG, 0

definitions TXBOCTRL
t r ABTFOTXBOCTRL, 6
t r MLOAOTXBOCTRL, 5
t r TXERROTXBOCTRL, 4
t r TXREQOTXBOCTRL, 3
t r TXP1OTXBOCTRL, 1
t r TXPOOTXBOCTRL, O

definitions TXB1CTRL
t r ABTFATXB1CTRL, 6
tr MLOALTXBLCTRL, 5
t r TXERRLTXB1CTRL, 4
t r TXREQLTXB1CTRL, 3
t r TXP11TXB1CTRL, 1
t r TXPO1TXB1CTRL, O

definitions TXB2CTRL
tr ABTF2TXB2CTRL, 6
t r MLOA2TXB2CTRL, 5
t r TXERRRTXB2CTRL, 4
t r TXREQRTXB2CTRL, 3
t r TXP12TXB2CTRL, 1
t r TXPO2TXB2CTRL, O
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;; Bit definitions RXBOCTRL
#defi ne tr RXMLORXBOCTRL, 6
#defi ne t r RXMDORXBOCTRL, 5
#defi ne tr RXKRTRORXBOCTRL, 3
#defi ne tr BUKTOLRXBOCTRL, 2
#define t r BUKTOORXBOCTRL, 1
#define trFl LH TOORXBOCTRL, O

;; Bit definiti onsRXBLCTRL
#define tr RXML1RXB1CTRL, 6
#defi ne tr RXMDLIRXB1CTRL, 5
#define tr RXRTRLRXB1CTRL, 3
#define trFl LH T12RXB1CTRL, 2
#define trFl LH T11RXB1CTRL, 1
#define trFl LH TILORXBLCTRL, O

;; use with SPI_Rts function
#defi ne RTS00x01
#defi ne RTS10x02
#def i ne RTS20x04

B R R R R RS S R R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

B R R R R

; MCP2515 Instructions

#define d2510Rd 0x03 ; MCP2515 read instruction

#defi ne d2510Wt 0x02 ; MCP2515 write instruction
#defi ne d2510Reset 0xCO0 ;. MCP2515 reset instruction
#def i ne d2510RTS 0x80 ; MCP2515 RTS instruction
#define d2510Status OxA0 ; MCP2515 Status instruction
#define d2510Bi t Mod 0x05 ; MCP2515 bit nodify instruction
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

;*************** SPECI AL CAN ,\/ACR% khkkhkkhkkhkkhhkhkhhhkhhhhhhhhhhhhhhhhhhkhhkhkhkhrrrhdddxdxx*k

B R R R R

; Read MCP2515 register Reg and return data in W
SPI _Read nacro Reg

nmov| w Reg
cal | Rd2510Reg
endm

; Wite literal byte to MCP2515 regi ster Reg.
SPI _WiteL macro Reg, LitData

nmov| w Li t Dat a
novw b2510RegDat a
nmov| w Reg

cal | Wt 2510Reg
endm

; Wite Data byte to MCP2515 register Reg.
SPI _WiteV macro Reg, RegDat a

nmovfw RegDat a
novw b2510RegDat a
nmov| w Reg

cal | Wt 2510Reg
endm

; Wite Whyte to MCP2515 regi ster Reg.
SPI_WiteWmacro Reg

novw b2510RegDat a
nmov| w Reg

cal | Wt 2510Reg
endm

; Wite bits determ ned by Mask & Data to MCP2515 regi ster Reg.
SPI _Bi t Mod macro Reg, Mask, Dat a

nmov| w Mask

novw b2510RegMask
nmovl w Dat a

novw b2510RegDat a
nmov| w Reg

call Bi t Mod2510
endm

; Armxmit buffers for xmssion
SPI _Rts macro Data

nmov| w Dat a
call Rt s2510
endm
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE
:

R R R R R R R S R R S RS R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESE
:

; Support routines for communicating with MCP2515 chip

B R R R R R S R RS R R SRR R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESES
:

B R R R R S R S R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESES
’

B R R R R S R RS R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESES
’

; CheckCANMs g
; Checks for message in Receive Buf 1. [|f no message pending return
; with Z flag set.

; | f message pending:

; Load i RecID L,iRecID Hwith ID.

; Load bRecCount with nunber of bytes of data received.
; Load buffer at pRecDataBase with data

; Cl ear MCP2515 Receive Buffer 1 interrupt flag

; Set tbRxMsgPend flag and clear Z flag.

; NOTE: |f nmessage al ready pendi ng doesn't check for new nessage.
EE R R R SRR R R R R R RS R R R R RS R R E R R R R E R EEEEEEEEEEEEEREEEEEREEEEREEEEESEESEEREEESEES.S

CheckCANMsg

bcf A ; for return
ski pdr t bRxMsgPend ; new CAN nessage received
return ; Message al ready pending

;; Test for Message pending in Receive Buffer 1
SPI _Read CANI NTF

andl w 0x02

ski pNz

return ; Nothing in Rec Buf 1

bsf t bRxMsgPend ; new CAN nessage received

;; Get 1D of message source
SPI _Read RXB1SI DH

novwf i Recl D_H
SPl _Read RXB1S| DL
andl w OxEO

novwf i Recl D L

;7 Get nunber of bytes of data
SPl _Read RXB1DLC
andl w OxOF
nmovwf bRecCount

;; Get data frombuffer. Up to 8 bytes based on

clrf bCnt
j RxChk11l j npFeqF bCnt, bRecCount , j RxChk90 ; no data left
;; Calculate correct MCP2515 receive buffer |ocation
nmov| w RXB1DO
addwf bCnt, W

;; Cet data byte
cal | Rd2510Reg
nmovw b2510RegDat a ; tenporary save

;; Calculate destination buffer |ocation
nmov| w pRecDat aBase
addwf bCnt, W
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movwf FSR

;; Store data in buffer

nmovf w b2510RegDat a ; temporary save
novwf | NDF
i ncf bCnt, F
goto j RxChk11
j RxChk90
SPI _Bi t Mod CANI NTF, 0x02, 0 ; Clear receive buffer 1 ;interrupt
bcf Zz ; signal data pending
return
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE

; Set Conf i gMbde

;11 Function Nane: Set_Config_Mde()

B R R R R S R S R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESES

Set Confi gvbde

. SPI_Bit Mod( CANCTRL, OXEO, 0x80): /1Config. mode/

bL2bV 0xEO, b2510RegMask
bL2bV 0x80, b2510RegDat a
nmov| w CANCTRL
cal | Bi t Mod2510
j Set Confi gML
nmov| w CANSTAT
cal | Rd2510Reg
andl w OxEO
xor | w 0x80
j MmNz j Set Confi gML
return

B R R R R R RS R R R R R R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESE

; Set Nor mal Mbde

; /1 Function Nane: Set_Normal _Mde()

B R R R R
’

Set Nor mal Mbde

bL2bV 0xEO, b2510RegMask
bL2bV 0x00, b2510RegDat a
nmov| w CANCTRL
cal | Bi t M0od2510

j Set Nor mal ML
nmovl w CANSTAT
cal | Rd2510Reg
andl w OxEO
j MmNz j Set Nor mal ML
return

EE R R R SRR R R R R R RS R R R SRR SRR R E R R R R R E R EEEEEEEEEEEEEREREEEREEEEREEEEESEESEESEERESEESS
: Wi t ANDegZ

; Wait for
; b2510RegMask to be zero.

B R R R R R
’

byte from address in Wto AND with mask in
Uses b2510RegAdr to hol d address.

Wi t ANDeqZ

novwf b2510RegAdr ; save
j Wi t ANDeqZ

nmovfw b2510RegAdr ; save

cal | Rd2510Reg

andwf b2510RegMask, W

j mpNz j Wi t ANDeqZ

return
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

B R R R RS SRR R R R RS R EE SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

B R R R R S R R SRS R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES
’

ckkkkkkkhkhkkkhkkkKk COVMU khkkkkhkkhkkkhkhhkhkkkhkhkhkkhkkkkkkkk*
; BASI C NI CATI ON

B R R R R R S R R SRR R R R R R R R EEEEEEEEEEEEEEEEEEEEEEERERESES
’

B R R R R R R S R S R R R R SRR R R SRR EEEEEEEEEEEEEEEEEEEEEERERESES

; Get 25108t at us
; Get Status byte from MCP2515.
;11 Function Nane: SPI_ReadStatus()

B R R R RS S R S R S R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEREREES

Cet 2510St at us

cal | I ni t SPI Buf

nmov| w d2510St at us ; MCP2515 Status instruction
cal | LoadSPI Byt e

nmov| w 1 ; expect 1 byte answer

cal | LoadSPI Zer os

cal | ExchangeSPI

cal | Wi t SPI Exchange

return

B R R R RS S SR R R R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEERERESES
’

; RdA2510Reg

; Read MCP2515 register at address in W Return results
; in W Uses b2510RegAdr to hol d address.

;11 Function Nane: SPlI_Read(uint address)

B R R X
’

Rd2510Reg
novwf b2510RegAdr ; save
cal | I ni t SPI Buf
nmov| w d2510Rd ; MCP2515 read instruction
cal | LoadSPI Byt e
nmovf w b2510RegAdr ; get address
cal | LoadSPI Byt e
nmov| w 1 ; expect 1 byte answer
cal | LoadSPI Zer os
cal | ExchangeSPI
cal | Wi t SPI Exchange
nmovf w pSPI Buf Base+2
return

B R R R ]

; Wt 2510Reg

; Wite byte in b2510RegData to MCP2515 register at location in W

; Uses b2510RegAdr to hol d address.
;11 Function Nane: SPI_Wite(uint address)

B R R R R R R R S S R R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES

Wt 2510Reg
novwf b2510RegAdr ; save
cal | I ni t SPI Buf
novl w d2510W t ; MCP2515 write instruction
cal | LoadSPI Byt e
nmovfw b2510RegAdr ; get address
cal | LoadSPI Byt e
nmovfw b2510RegDat a ; get data
cal | LoadSPI Byt e
cal | ExchangeSPI
cal | Wi t SPI Exchange
return
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE

; Bi t M0d2510

; /1 Function Nane: SPI_BitMd()
; Wite data in b2510RegData using mask in b2510RegMask to

; address in W Uses b2510RegAdr to hol d address.

B R R R R ]
’

Bi t Mod2510
novw
call

nmov| w
call

nmovfw
call

nmovfw
call

nmovfw
call

cal |
call
return

B R R R R RS R RS R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESES

; Rts2510

; Request to send to MCP2515.

b2510RegAdr
I ni t SPI Buf

d2510Bi t Mod
LoadSPI Byt e

b2510RegAdr
LoadSPI Byt e

b2510RegMask
LoadSPI Byt e

b2510RegDat a
LoadSPI Byt e

ExchangeSPI
Wi t SPI Exchange

save

MCP2515 bit nodify ;instruction

addr ess

mask

data

; Send the request to send instruction to the CANbus Control |l er ORed
; with value in W Uses b2510RegDat a.
;11 Function Nane: SPlI_Reset()

B R R R RS S R S RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

Rt s2510
novw
cal |

nmovl w
i orwf
cal |

call
call
return

B R R R

; Reset 2510

b2510RegDat a
I ni t SPI Buf

d2510RTS
b2510RegDat a, W
LoadSPI Byt e

ExchangeSPI
Wi t SPI Exchange

Reset MCP2515.

;11 Function Nane: SPlI_Reset()

B R R R R SRR R R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEEREREES
’

Reset 2510
call
nmovl w
cal |
call
call
return

I ni t SPI Buf
d2510Reset
LoadSPI Byt e
ExchangeSPI

Wi t SPI Exchange

MCP2515 RTS instruction

get data and OR it with RTS

MCP2515 reset

instruction
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

ckkkkkhkkhkkhkhkhkhkhkhkhkk ok kk LmAL - m\l'T CALL DI REC‘I’LY khkkhkkhkkhkkhkhhhhhkhhhhhhkhkkkkxkx*k

B R R R R
’

B R R R R S R R SRS R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES
’

; I ni t SPI Por t
; Intialize SPI port

B R R R RS S R R R S R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES
’

I ni t SPI Port
BANKO

bcf _SSPEN ; disable SPI
nmov| w Ox11 ; SPI Master, Idle high, Fosc/16
novwf SSPCON
bsf _SSPEN ; enabl e SPI
bcf _SSPI F ; clear interrupt flag
BANK1
bsf _SSPIE_P ; SSP int enable (BANK 1)
BANKO
return

B R R R ]
’

; I ni t SPI Buf
; Initializes SPI buffer for transaction. Sets up
; FSR as buffer pointer.

B R R R R RS S RS S R R R R R R R R SRR R EEEEEEEEEEEEEEEEEEEEERERESES

| ni t SPI Buf

clrf bSPI Cnt

nmov| w pSPI Buf Base
novwf pSPI Buf
nmovw FSR

return

B R R R R R ]
’

; LoadSPI Byt e
; Load byte in Wto SPI buffer. Assunes FSR is pointer.

B R R R R R R
’

LoadSPI Byt e

novw | NDF
i ncf FSR, F
return

B R R R R R R ]
’

; LoadSPI Zer os
; Load nunber of zeros in Wto SPI buffer.
; Assunmes FSR i s pointer.

B R R R R RS S S S R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEEREREE
’

LoadSPI Zer os

andl w OXFF

ski pNZ

return ; finished

clrf | NDF

i ncf FSR, F

addl w OxFF ; Subtract 1 fromWw
j MmNz LoadSPI Zer os

return
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE

; ExchangeSPI

Initiate SPI transaction.

B R R R R R S R RS R R SRR R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESES

ExchangeSPI

Get nunmber of bytes to exchange
bV2bvVv FSR, bSPI Cnt
nmov| w pSPI Buf Base
subwf bSPI Cnt , F
ski pNZ
return ; nothing to exchange
nmov| w pSPI Buf Base
nmovwf pSPI Buf
Load 1st byte to begin exchange
bcf t p2510_Cs_ ; CS_ for MCP2515 chip
nmovfw pSPI Buf Base ; get 1st byte in buffer
novwf SSPBUF ; send it
return

B e R R R ]
’

; Wai t SPI Exchange

Wait for SPI transaction to be conpleted.

B R R R R

Wi t SPI Exchange

j mpFnez bSPI Cnt , Wai t SPI Exchange
return

B R R R R R
’

B R R R RS S R S RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

; MCP2515 Instructions

#def i
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne
ne

d2510Rd 0x03 ;. MCP2515 read instruction
d2510Wt 0x02 ; MCP2515 write instruction
d2510Reset 0xCO ;. MCP2515 reset instruction
d2510RTS 0x80 ;. MCP2515 RTS instruction
d2510St at us  0xA0 ;. MCP2515 Status instruction
d2510Bi t Mod 0x05 ; MCP2515 bit nodify instruction
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

;*************** SPECI AL CAN ,\/ACR% khkkhkkhkkhkkhhkhkhhhkhhhhhhhhhhhhhhhhhhkhhkhkhkhrrrhdddxdxx*k

B R R R R

; Read MCP2515 register Reg and return data in W
SPI _Read nacro Reg

nmov| w Reg
cal | Rd2510Reg
endm

; Wite literal byte to MCP2515 regi ster Reg.
SPI _WiteL macro Reg, LitData

nmov| w Li t Dat a
novw b2510RegDat a
nmov| w Reg

cal | Wt 2510Reg
endm

; Wite Data byte to MCP2515 register Reg.
SPI _WiteV macro Reg, RegDat a

nmovfw RegDat a
novw b2510RegDat a
nmov| w Reg

cal | Wt 2510Reg
endm

; Wite Whyte to MCP2515 regi ster Reg.
SPI_WiteWmacro Reg

novw b2510RegDat a
nmov| w Reg

cal | Wt 2510Reg
endm

; Wite bits determ ned by Mask & Data to MCP2515 regi ster Reg.
SPI _Bi t Mod macro Reg, Mask, Dat a

nmov| w Mask

novw b2510RegMask
nmovl w Dat a

novw b2510RegDat a
nmov| w Reg

call Bi t Mod2510
endm

; Armxmit buffers for xmssion
SPI _Rts macro Data

nmov| w Dat a
call Rt s2510
endm
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE
:

R R R R R R R S R R S RS R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESE
:

; Support routines for communicating with MCP2515 chip

B R R R R R S R RS R R SRR R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESES
:

B R R R R S R S R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESES
’

B R R R R S R RS R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESES
’

; CheckCANMs g
; Checks for message in Receive Buf 1. [|f no message pending return
; with Z flag set.

; | f message pending:

; Load i RecID L,iRecID Hwith ID.

; Load bRecCount with nunber of bytes of data received.
; Load buffer at pRecDataBase with data

; Cl ear MCP2515 Receive Buffer 1 interrupt flag

; Set tbRxMsgPend flag and clear Z flag.

; NOTE: |f nmessage al ready pendi ng doesn't check for new nessage.
EE R R R SRR R R R R R RS R R R R RS R R E R R R R E R EEEEEEEEEEEEEREEEEEREEEEREEEEESEESEEREEESEES.S

CheckCANMsg

bcf A ; for return
ski pdr t bRxMsgPend ; new CAN nessage received
return ; Message al ready pending

;; Test for Message pending in Receive Buffer 1
SPI _Read CANI NTF

andl w 0x02

ski pNz

return ; Nothing in Rec Buf 1

bsf t bRxMsgPend ; new CAN nessage received

;; Get 1D of message source
SPI _Read RXB1SI DH

novwf i Recl D_H
SPl _Read RXB1S| DL
andl w OxEO

novwf i Recl D L

;7 Get nunber of bytes of data
SPl _Read RXB1DLC
andl w OxOF
nmovwf bRecCount

;; Get data frombuffer. Up to 8 bytes based on

clrf bCnt
j RxChk11l j npFeqF bCnt, bRecCount , j RxChk90 ; no data left
;; Calculate correct MCP2515 receive buffer |ocation
nmov| w RXB1DO
addwf bCnt, W

;; Cet data byte
cal | Rd2510Reg
nmovw b2510RegDat a ; tenporary save

;; Calculate destination buffer |ocation
nmov| w pRecDat aBase
addwf bCnt, W
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movwf FSR

;; Store data in buffer

nmovf w b2510RegDat a ; temporary save
novwf | NDF
i ncf bCnt, F
goto j RxChk11
j RxChk90
SPI _Bi t Mod CANI NTF, 0x02, 0 ; Clear receive buffer 1 ;interrupt
bcf Zz ; signal data pending
return
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE

; Set Conf i gMbde

;11 Function Nane: Set_Config_Mde()

B R R R R S R S R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEERERESES

Set Confi gvbde

. SPI_Bit Mod( CANCTRL, OXEO, 0x80): /1Config. mode/

bL2bV 0xEO, b2510RegMask
bL2bV 0x80, b2510RegDat a
nmov| w CANCTRL
cal | Bi t Mod2510
j Set Confi gML
nmov| w CANSTAT
cal | Rd2510Reg
andl w OxEO
xor | w 0x80
j MmNz j Set Confi gML
return

B R R R R R RS R R R R R R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESE

; Set Nor mal Mbde

; /1 Function Nane: Set_Normal _Mde()

B R R R R
’

Set Nor mal Mbde

bL2bV 0xEO, b2510RegMask
bL2bV 0x00, b2510RegDat a
nmov| w CANCTRL
cal | Bi t M0od2510

j Set Nor mal ML
nmovl w CANSTAT
cal | Rd2510Reg
andl w OxEO
j MmNz j Set Nor mal ML
return

EE R R R SRR R R R R R RS R R R SRR SRR R E R R R R R E R EEEEEEEEEEEEEREREEEREEEEREEEEESEESEESEERESEESS
: Wi t ANDegZ

; Wait for
; b2510RegMask to be zero.

B R R R R R
’

byte from address in Wto AND with mask in
Uses b2510RegAdr to hol d address.

Wi t ANDeqZ

novwf b2510RegAdr ; save
j Wi t ANDeqZ

nmovfw b2510RegAdr ; save

cal | Rd2510Reg

andwf b2510RegMask, W

j mpNz j Wi t ANDeqZ

return
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

B R R R RS SRR R R R RS R EE SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

B R R R R S R R SRS R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES
’

ckkkkkkkhkhkkkhkkkKk COVMU khkkkkhkkhkkkhkhhkhkkkhkhkhkkhkkkkkkkk*
; BASI C NI CATI ON

B R R R R R S R R SRR R R R R R R R EEEEEEEEEEEEEEEEEEEEEEERERESES
’

B R R R R R R S R S R R R R SRR R R SRR EEEEEEEEEEEEEEEEEEEEEERERESES

; Get 25108t at us
; Get Status byte from MCP2515.
;11 Function Nane: SPI_ReadStatus()

B R R R RS S R S R S R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEREREES

Cet 2510St at us

cal | I ni t SPI Buf

nmov| w d2510St at us ; MCP2515 Status instruction
cal | LoadSPI Byt e

nmov| w 1 ; expect 1 byte answer

cal | LoadSPI Zer os

cal | ExchangeSPI

cal | Wi t SPI Exchange

return

B R R R RS S SR R R R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEERERESES
’

; RdA2510Reg

; Read MCP2515 register at address in W Return results
; in W Uses b2510RegAdr to hol d address.

;11 Function Nane: SPlI_Read(uint address)

B R R X
’

Rd2510Reg
novwf b2510RegAdr ; save
cal | I ni t SPI Buf
nmov| w d2510Rd ; MCP2515 read instruction
cal | LoadSPI Byt e
nmovf w b2510RegAdr ; get address
cal | LoadSPI Byt e
nmov| w 1 ; expect 1 byte answer
cal | LoadSPI Zer os
cal | ExchangeSPI
cal | Wi t SPI Exchange
nmovf w pSPI Buf Base+2
return

B R R R ]

; Wt 2510Reg

; Wite byte in b2510RegData to MCP2515 register at location in W

; Uses b2510RegAdr to hol d address.
;11 Function Nane: SPI_Wite(uint address)

B R R R R R R R S S R R R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES

Wt 2510Reg
novwf b2510RegAdr ; save
cal | I ni t SPI Buf
novl w d2510W t ; MCP2515 write instruction
cal | LoadSPI Byt e
nmovfw b2510RegAdr ; get address
cal | LoadSPI Byt e
nmovfw b2510RegDat a ; get data
cal | LoadSPI Byt e
cal | ExchangeSPI
cal | Wi t SPI Exchange
return
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE

; Bi t M0d2510

; /1 Function Nane: SPI_BitMd()
; Wite data in b2510RegData using mask in b2510RegMask to

; address in W Uses b2510RegAdr to hol d address.

B R R R R ]
’

Bi t Mod2510
novw
call

nmov| w
call

nmovfw
call

nmovfw
call

nmovfw
call

cal |
call
return

B R R R R RS R RS R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESES

; Rts2510

; Request to send to MCP2515.

b2510RegAdr
I ni t SPI Buf

d2510Bi t Mod
LoadSPI Byt e

b2510RegAdr
LoadSPI Byt e

b2510RegMask
LoadSPI Byt e

b2510RegDat a
LoadSPI Byt e

ExchangeSPI
Wi t SPI Exchange

save

MCP2515 bit nodify ;instruction

addr ess

mask

data

; Send the request to send instruction to the CANbus Control |l er ORed
; with value in W Uses b2510RegDat a.
;11 Function Nane: SPlI_Reset()

B R R R RS S R S RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

Rt s2510
novw
cal |

nmovl w
i orwf
cal |

call
call
return

B R R R

; Reset 2510

b2510RegDat a
I ni t SPI Buf

d2510RTS
b2510RegDat a, W
LoadSPI Byt e

ExchangeSPI
Wi t SPI Exchange

Reset MCP2515.

;11 Function Nane: SPlI_Reset()

B R R R R SRR R R R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEEREREES
’

Reset 2510
call
nmovl w
cal |
call
call
return

I ni t SPI Buf
d2510Reset
LoadSPI Byt e
ExchangeSPI

Wi t SPI Exchange

MCP2515 RTS instruction

get data and OR it with RTS

MCP2515 reset

instruction
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE
’

ckkkkkhkkhkkhkhkhkhkhkhkhkk ok kk LmAL - m\l'T CALL DI REC‘I’LY khkkhkkhkkhkkhkhhhhhkhhhhhhkhkkkkxkx*k

B R R R R
’

B R R R R S R R SRS R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES
’

; I ni t SPI Por t
; Intialize SPI port

B R R R RS S R R R S R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES
’

I ni t SPI Port
BANKO

bcf _SSPEN ; disable SPI
nmov| w Ox11 ; SPI Master, Idle high, Fosc/16
novwf SSPCON
bsf _SSPEN ; enabl e SPI
bcf _SSPI F ; clear interrupt flag
BANK1
bsf _SSPIE_P ; SSP int enable (BANK 1)
BANKO
return

B R R R ]
’

; I ni t SPI Buf
; Initializes SPI buffer for transaction. Sets up
; FSR as buffer pointer.

B R R R R RS S RS S R R R R R R R R SRR R EEEEEEEEEEEEEEEEEEEEERERESES

| ni t SPI Buf

clrf bSPI Cnt

nmov| w pSPI Buf Base
novwf pSPI Buf
nmovw FSR

return

B R R R R R ]
’

; LoadSPI Byt e
; Load byte in Wto SPI buffer. Assunes FSR is pointer.

B R R R R R R
’

LoadSPI Byt e

novw | NDF
i ncf FSR, F
return

B R R R R R R ]
’

; LoadSPI Zer os
; Load nunber of zeros in Wto SPI buffer.
; Assunmes FSR i s pointer.

B R R R R RS S S S R R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEEREREE
’

LoadSPI Zer os

andl w OXFF

ski pNZ

return ; finished

clrf | NDF

i ncf FSR, F

addl w OxFF ; Subtract 1 fromWw
j MmNz LoadSPI Zer os

return
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B R R R R RS S R R R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEREREE

; ExchangeSPI

; Initiate SPI transaction.
EE R R SRS R R R RS RS R E RS SRS EEEEEEEEE R R R EEEREEEEREREEREREEREEEEREEEEESEESEERSEESEES]

ExchangeSPI

;7 Get nunber of bytes to exchange
bV2bvVv FSR, bSPI Cnt
nmov| w pSPI Buf Base
subwf bSPI Cnt , F
ski pNZ
return ; nothing to exchange
nmov| w pSPI Buf Base
nmovwf pSPI Buf

;; Load 1st byte to begi n exchange
bcf t p2510_Cs_ ; CS_ for MCP2515 chip
nmovfw pSPI Buf Base ; get 1st byte in buffer
novwf SSPBUF ; send it
return

B e R R R ]
’

; Wai t SPI Exchange
; Wait for SPI transaction to be conpleted.

B R R R R
’

Wi t SPI Exchange
j mpFnez bSPI Cnt , Wai t SPI Exchange
return
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; MCP2515. | NC
; Description: This file contains the definitions for the McroChip
; standal one CANbus controller.

; 07/17/99 JPF Original Version
; 09/11/99 JCT Modified for ASM

#def i ne RXFOSI DHOx00
#def i ne RXFOSI DLOx01
#def i ne RXFOEI D80x02
#def i ne RXFOEI DO0x03
#def i ne RXF1SI DHOx04
#def i ne RXF1SI DLOx05
#def i ne RXF1ElI D80x06
#def i ne RXF1ElI DO0x07
#def i ne RXF2SI DHOx08
#def i ne RXF2SI DLOx09
#def i ne RXF2ElI DBOX0A
#def i ne RXF2EI DOOx0B
#def i ne BFPCTRLOX0C
#def i ne TXRTSCTRLOxOD
#def i ne CANSTATOXOE
#def i ne CANCTRLOXOF

#def i ne RXF3SI DHOx10
#def i ne RXF3SI DLOx11
#def i ne RXF3EI D80x12
#def i ne RXF3EI DO0x13
#def i ne RXF4SI DHOx14
#def i ne RXF4SI DLOx15
#def i ne RXF4ElI D80x16
#def i ne RXF4ElI DO0x17
#def i ne RXF5SI DHOx18
#def i ne RXF5SI DLOx19
#def i ne RXF5EI DBOXx1A
#def i ne RXF5EI DO0x1B
#def i ne TECOx1C

#def i ne RECOx1D

#def i ne CANSTAT10x1E
#def i ne CANCTRL10x1F

#def i ne RXMDSI DHOx20
#def i ne RXMDSI DLOx21
#def i ne RXMDEI D80x22
#def i ne RXMDEI DO0x23
#def i ne RXMLSI DHOx24
#def i ne RXMLSI DLOx25
#def i ne RXMLEI D80x26
#def i ne RXMLEI DO0x27
#def i ne CNF30x28
#def i ne CNF20x29
#def i ne CNF10x2A
#def i ne CANI NTEOx2B
#def i ne CANI NTFOx2C
#def i ne EFL&OXx2D
#def i ne CANSTAT20x2E
#def i ne CANCTRL20x2F

#defi ne TXBOCTRLOx30
#def i ne TXBOSI DHOx31
#defi ne TXBOSI DLOx32
#defi ne TXBOEI D80x33
#def i ne TXBOEI DO0x34
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#def i ne TXBODLCOx35
#def i ne TXBODOOx36
#def i ne TXBOD10x37
#def i ne TXBOD20x38
#def i ne TXBOD30x39
#def i ne TXBOD40x3A
#def i ne TXBOD50x3B
#def i ne TXBOD60x3C
#def i ne TXBOD70x3D
#def i ne CANSTAT30x3E
#defi ne CANCTRL30x3F

#def i ne TXB1CTRLOx40
#def i ne TXB1SI DHOx41
#defi ne TXB1SI DLOx42
#def i ne TXB1ElI D80x43
#def i ne TXB1EI DO0x44
#def i ne TXB1DLCOx45
#def i ne TXB1D00x46
#def i ne TXB1D10x47
#def i ne TXB1D20x48
#def i ne TXB1D30x49
#def i ne TXB1D40x4A
#def i ne TXB1D50x4B
#def i ne TXB1D60x4C
#def i ne TXB1D70x4D
#def i ne CANSTAT40x4E
#def i ne CANCTRL40x4F

#defi ne TXB2CTRLOx50
#def i ne TXB2SI DHOx51
#def i ne TXB2SI DL0x52
#defi ne TXB2ElI DB0x53
#def i ne TXB2EI DO0x54
#def i ne TXB2DLCOx55
#def i ne TXB2D00x56
#def i ne TXB2D10x57
#def i ne TXB2D20x58
#def i ne TXB2D30x59
#def i ne TXB2D40x5A
#def i ne TXB2D50x5B
#def i ne TXB2D60x5C
#def i ne TXB2D70x5D
#def i ne CANSTAT50x5E
#def i ne CANCTRL50x5F

#def i ne RXBOCTRLOx60
#defi ne RXBOSI DHOx61
#def i ne RXBOSI DLOx62
#def i ne RXBOEI D80x63
#def i ne RXBOEI DO0Ox64
#def i ne RXBODLCOx65
#def i ne RXBODOOx66
#def i ne RXBOD10x67
#def i ne RXBOD20x68
#def i ne RXBOD30x69
#def i ne RXBOD40x6A
#def i ne RXBOD50x6B
#def i ne RXBOD60x6C
#def i ne RXBOD70x6D
#def i ne CANSTAT60x6E
#defi ne CANCTRL60x6F

#def i ne RXB1CTRLOx70
#def i ne RXB1SI DHOx71
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#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

7, B

;. B
#def i
#def i
#def i
#def i
#def i
#def i

i Bi
#def i
#def i
#def i
#def i
#def i
#def i

i Bi
#def i
#def i
#def i
#def i
#def i
#def i

v, B
#def i
#def i
#def i
#def i
#def i
#def i
#def i

v, Di
#def i
#def i
#def i
#def i

i Bi
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne RXB1SI DLOx72
ne RXB1EI DB0Ox73
ne RXBLElI DOOx74
ne RXB1DLCOx75
ne RXB1DOOx76
ne RXB1D10x77
ne RXB1D20x78
ne RXB1D30x79
ne RXB1D40x7A
ne RXB1D50x7B
ne RXB1D60x7C
ne RXB1D70x7D
ne CANSTAT70x7E
ne CANCTRL70x7F

t definitions

t definitions BFPCTRL
ne trB1BFSBFPCTRL, 5
ne trBOBFSBFPCTRL, 4
ne trB1BFEBFPCTRL, 3
ne tr BOBFEBFPCTRL, 2
ne trB1BFMBFPCTRL, 1
ne tr BOBFMBFPCTRL, O

t definitions TXRTSCTRL

ne trB2RTSBFPCTRL, 5
ne trB1RTSBFPCTRL, 4
ne trBORTSBFPCTRL, 3
ne trB2RTSMBFPCTRL, 2
ne trB1RTSMBFPCTRL, 1
ne tr BORTSMBFPCTRL, O

t definitions CANSTAT
ne tr OPMOD2CANSTAT, 7
ne tr OPMOD1CANSTAT, 6
ne tr OPMODOCANSTAT, 5
ne tr| COD2CANSTAT, 3
ne tr| COD1CANSTAT, 2
ne tr| CODOCANSTAT, 1

t definitions CANCTRL
ne tr REQOP2CANCTRL, 7
ne tr REQOP1CANCTRL, 6
ne tr REQOPOCANCTRL, 5
ne tr ABATCANCTRL, 4

ne tr CLKENCANCTRL, 2
ne tr CLKPRELCANCTRL, 1
ne tr CLKPREOCANCTRL, O

t definitions CNF3
ne trWAKFI LCNF3, 6

ne tr PHSEG22CNF3, 2
ne tr PHSEG1CNF3, 1
ne tr PHSEGOCNF3, 0

t definitions CNF2
ne trBTLMODECNF2, 7
ne tr SAMCNF2, 6

ne trPHSEGL2CNF2, 5
ne trPHSEGL1CNF2, 4
ne trPHSEGLOCNF2, 3
ne tr PHSE&RCNF2, 2
ne trPHSEGLCNF2, 1
ne tr PHSEQICNF2, 0
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;; Bit definitions CNF1
#define tr SIWLCNF1, 7
#define tr SIWCNF1, 6
#define tr BRP5CNF1, 5
#defi ne tr BRPACNF1, 4
#defi ne tr BRP3SCNF1, 3
#defi ne tr BRP2CNF1, 2
#define tr BRPLICNF1, 1
#defi ne tr BRPOCNF1, O

;; Bit definitions CANI NTE
#def i ne tr MERRECANI NTE, 7
#def i ne trWAKI ECANI NTE, 6
#defi ne tr ERRI ECANI NTE, 5
#defi ne trTX2l ECANI NTE, 4
#defi ne trTX1l ECANI NTE, 3
#def i ne trTX0l ECANI NTE, 2
#def i ne tr RX1l ECANI NTE, 1
#def i ne tr RX0I ECANI NTE, O

;; Bit definitions CANI NTF
#defi ne tr MERRFCANI NTF, 7
#def i ne t r WAKI FCANI NTF, 6
#defi ne tr ERRI FCANI NTF, 5
#defi ne trTX2l FCANI NTF, 4
#define trTX1l FCANI NTF, 3
#defi ne trTX0l FCANI NTF, 2
#defi ne trRX1l FCANI NTF, 1
#defi ne trRX0l FCANI NTF, O

;; Bit definitions EFLG
#defi ne tr RXLOVREFLG, 7
#defi ne tr RXOOVREFLG, 6
#defi ne tr TXBOEFLG 5
#defi ne tr TXEPEFLG, 4
#defi ne tr RXEPEFLG, 3
#defi ne tr TXWAREFLG, 2
#defi ne tr RX\WAREFLG, 1
#def i ne tr EWARNEFLG, 0

;; Bit definitions TXBOCTRL
#defi ne tr ABTFOTXBOCTRL, 6
#define tr MLOAOTXBOCTRL, 5
#define tr TXERROTXBOCTRL, 4
#defi ne tr TXREQOTXBOCTRL, 3
#define tr TXPLOTXBOCTRL, 1
#define tr TXPOOTXBOCTRL, O

;; Bit definitions TXB1CTRL
#define tr ABTFLTXB1CTRL, 6
#define tr MLOALTXB1CTRL, 5
#defi ne tr TXERRLTXB1CTRL, 4
#define tr TXREQLTXB1CTRL, 3
#define tr TXP11TXB1CTRL, 1
#define tr TXPOLTXB1CTRL, O

;; Bit definitions TXB2CTRL
#defi ne tr ABTF2TXB2CTRL, 6
#define tr MLOA2TXB2CTRL, 5
#define tr TXERR2TXB2CTRL, 4
#defi ne tr TXREQRTXB2CTRL, 3
#define tr TXP12TXB2CTRL, 1
#define tr TXPO2TXB2CTRL, 0
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;, B
#def i
#defi
#def i
#def i
#defi
#def i

i Bi
#def i
#def i
#def i
#def i
#def i
#def i

t

ne
ne
ne
ne
ne
ne

t

ne
ne
ne
ne
ne
ne

definitions RXBOCTRL
t r RXMLORXBOCTRL, 6
t r RXMDORXBOCTRL, 5
t r RXRTRORXBOCTRL, 3
t r BUKTO1RXBOCTRL, 2
t r BUKTOORXBOCTRL, 1
tr FI LH TOORXBOCTRL, O

definitions RXBLCTRL
t r RXML1RXB1CTRL, 6
t r RXMD1RXB1CTRL, 5
t r RXRTRLRXB1CTRL, 3
trFl LH T12RXB1CTRL, 2
trFl LH T11RXB1CTRL, 1
trFl LH TLORXB1CTRL, O

;; use with SPI_Rts function
#defi ne RTS00x01
#defi ne RTS10x02
#def i ne RTS20x04
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; Basi ¢ macros for
; 6/ 20/ 98

#i fdef __16C77
#defi ne _COMMONBANK
#endi f

#i fdef __16C76
#defi ne _COMMONBANK
#endi f

TRUE
FALSE

equ
equ

Page 1 register definitions to avoid page warning

OPTI ON_REG P
TRISA P
TRI SB_P
TRI SC P
TRI SD_P
TRI SE_P
PIEL_P
PIE2_P
PCON_P
PR2_P
SSPADD_P
SSPSTAT_P
TXSTA_P
SPBRG P
ADCONL_P

Speci al register

Pl C16C seri es

use cormmon upper

use cormmon upper

1
0

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

; STATUS bit definitions

#defi ne
#def i ne
#defi ne
#define _
#define _
#define _RPO
#define _RP1
#define _IRP

cg™8°

#def i
#def i
#def i
#def i
#def i
#def i

#def i
#def i

#def i
#def i

#def i
' 1)
#def i

#def i

ne
ne
ne
ne
ne
ne

ne
ne

ne
ne

ne

ne

ne

_INTE
_INTF
_RBIE
_RBIF
_TOIE
_TOIF

_CCPLIE_P
_CCPLIF

_RCIE_P
_RCF

_TXIE_P
_TXIF

_SSPIE_P

STATUS, 0
STATUS, 1
STATUS, 2
STATUS, 3
STATLUS, 4
STATUS, 5
STATUS, 6
STATUS, 7

I NTCON, | NTE
I NTCON, | NTF
I NTCON, RBI E
I NTCON, RBI F
I NTCON, TOI E
I NTCON, TOI F

Pl E1_P, CCP1I E

PI R1, CCP1I F

PIE1_P,RCE
PIR1, RCI F

PIE1_P, TXIE
PIR1, TXI F

PI E1_P, SSPI E

H 0081' - 0x80
H 0085' - 0x80
H 0086' - 0x80
H 0087' - 0x80
H 0088' - 0x80
H 0089' - 0x80
H 008C - 0x80
H 008D - 0x80
H 008E' - 0x80
H 0092' - 0x80
H 0093' - 0x80
H 0094' - 0x80
H 0098' - 0x80
H 0099' - 0x80
H 009F' - 0x80

bit definition pairs

Ext er nal
Ext er nal

16 bytes in 4 banks

16 bytes in 4 banks

interrupt enable
interrupt flag
Port B pins 4-7 edge interrupt

enabl e

Port B pins 4-7 edge interrupt flag
0 interrupt enable
0 interrupt flag

Ti mer
Ti mer

Ti mer
Ti mer

async
async

async

async

1 conpare int
1 conpare int

rec interrupt
rec interrupt

xm t

xm t

enabl e (page 1)
flag

enabl e (page 1)
flag

interrupt enable (page

interrupt flag

SSP int enable (page 1)
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#def i ne

#def i ne
#def i ne

#def i ne
#def i ne

#i f def

PAGE3

PAGE2

PAGE1

PAGEO

BANK3

BANK2

BANK1

BANKO

FSRBank23 nacro

bsf
endm

FSRBank01 nacro

#el se

PAGE1

_SSPI F Pl R1, SSPI E
_TMRLIE_P Pl E1_P, TMRLI E
_TMRLIF PI R1, TMRLI F
_TMRRIE_P PIE1_P, TMR2I E ;
_TMR2I F PI R1, TMR2I F

_ COMMONBANK

nmacr o

bsf PCLATH, 4

bsf PCLATH, 3

endm

nmacr o

bsf PCLATH, 4

bcf PCLATH, 3

endm

nmacr o

bcf PCLATH, 4

bsf PCLATH, 3

endm

macr o

bcf PCLATH, 4

bcf PCLATH, 3

endm

nmacr o

bsf STATUS, 6

bsf STATUS, 5

endm

macr o

bsf STATUS, 6

bcf STATUS, 5

endm

nmacr o

bcf STATUS, 6

bsf STATUS, 5

endm

nmacr o

bcf STATUS, 6

bcf STATUS, 5

endm

STATUS, 7

bcf STATUS, 7
endm
macr o
bsf PCLATH, 3
endm

SSP interrupt flag

Tinmer 1 enable (page 1)
Timerl interrupt flag

Tinmer 2 enable (page 1)
Timer2 interrupt flag

use common upper 16 bytes in 4 banks
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PAGEO nmcro
bcf PCLATH, 3
endm

BANKO macr o
bcf STATUS, 5 ; Sel ect page 0
endm

BANK1 macr o
bsf STATUS, 5 ; Sel ect page 1
endm

#endi f

enabl el nt macro
bsf I NTCON, G E
endm

di sabl el nt nmacro

| ocal Loop
Loop bcf I NTCON, G E
btfsc I NTCON, G E
goto Loop
endm

Byte logical & arithnetic nacros

bV2bV macr o bSour ce, bDest

nmov f bSour ce, W
nmovwf bDest
endm

bL2bV macr o bVal , bDest
movlw  bVva
nmovwf bDest
endm

j mpFeqZ macro Reg, Labe

novf Reg, F
btfsc Z
goto Labe
endm

j mpFneZ macro Reg, Labe

novf Reg, F
btfss Z
goto Labe
endm

j mpFgtL macro Reg1l, bval , Labe
novfw Regl
j mpWgt L bVal , Labe
endm

j mpFgeL macro Reg1l, bval , Labe
nmovf w Regl
j mpWeL bVal , Labe
endm

j mpFeqL macro Reg, bval , Labe

nmovf Reg, W
sublw  bVa
btfsc _Z
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goto Label
endm

j mpFneL macro

Reg, bVal , Label

novf Reg, W
sublw  bVal
btfss _Z
goto Label
endm

j mpFl eL macro
nmovfw
jmpWe

endm

jnpFltL macro
nmovf w
j npWt
endm

j mpFeqF macro
novf Regl
subwf
btfsc Z

Reg1, bval , Label
Regl
L bVal , Label

Reg1, bval , Label
Regl
L bVal , Label

Reg1, Reg2, Label

, W

Reg2, W

goto Label

endm

j mpFneF macro

novf Regl

subwf
btfss _Z
goto Labe
endm

j mpFl eF macro
nmovfw
jmpWe

endm

jmpFltF macro
nmovfw
j npWt
endm

j mpWeqZ macro
andl w
j mpz
endm

j mpWheZ macro
andl w
j mpNZ
endm
ski pFegZ nacro
novf Reg,

btfss Z
endm

ski pFneZ nacro
nmovf Reg,
btfsc _Z
endm

ski pFegL macro

Regl, Reg2, Label
, W
Reg2, W

Reg1, Reg2, Label
Regl
F Reg2, Label

Reg1l, Reg2, Label
Regl
F Reg2, Label

Label ;
OxFF
Label

Label
OxFF
Label

Reg
F

Reg
F

Reg, bVal

jnp if w==0

jnpif wWi=o0
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novf Reg, W
sublw  bVal

btfss Z

endm

ski pFneL nacro Reg, bVal

novf Reg, W
sublw  bVal

btfsc Z

endm

ski pFegF nacro Reg1l, Reg2

novf Regl, W
subwf Reg2, W

btfss Z

endm

ski pFneF nmacro Reg1l, Reg2

novf Regl, W
subwf Reg2, W

btfsc Z

endm

ski pWegZ nacro
andlw  OxFF
btfss _Z
endm

ski pWwheZ macro
andlw  OxFF
btfsc _Z
endm

j MWt L macro bVal , Label
sublw  bVval

btfss _C
goto Label
endm

j mpWjeL macro bVal , Label
sublw  bVval

btfss _C
goto Label
btfsc _Z
goto Label
endm

j mpWeqL macro bVal , Label
sublw  bVal

btfsc _Z
goto Label
endm

j mpWheL macro bVal , Label
sublw  bVal

btfss _Z
goto Label
endm

j mpWeL macro bVal , Label
sublw  bVal

btfsc _C
goto Label
endm
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jmpWtL macro bVal , Label
sublw  bVal
ski pC
bsf A
j mpNZLabel
endm

j MWt F macro Reg, Label
subwf Reg, W

btfss _C
goto Label
endm

j mpWjeF macro Reg, Label
subwf Reg, W

btfss _C
goto Label
btfsc Z
goto Label
endm

j mpVWeqF macro Reg, Label
subwf Reg, W

btfsc Z
goto Label
endm

j mpWheF macro Reg, Label
subwf Reg, W

btfss Z
goto Label
endm

j mpW eF macro Reg, Label
subwf Reg, W

btfsc _C
goto Label
endm

jmpWtF macro Reg, Label
subwf Reg, W
ski pC
bsf A
j mpNZ Label
endm

jmpClr  macro Reg, Bit, Label

bt fss Reg, Bi t
goto Label
endm

jmpSet  macro Reg, Bit, Label
btfsc Reg, Bi t
goto Label
endm

j mpZ macr o Label

btfsc Z
goto Label
endm

j mpNz macr o Label
btfss _Z
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goto Label
endm

j mpC macr o Label

btfsc _C
goto Label
endm

jmpNC  macro Label

btfss _C
goto Label
endm

skipCr macro Reg, Bit
btfsc Reg, Bi t
endm

ski pSet macro Reg, Bit
bt fss Reg, Bi t
endm

ski pNZ macro
btfsc _Z
endm

ski pz macr o
btfss Z
endm

ski pNC macro
btfsc _C
endm

skipC macro
btfss _C
endm

toggle macro Reg,Bit
| ocal SLabel , Label
bt fss Reg, Bi t
goto SLabel

bcf Reg, Bi t

goto Label
SLabel  bsf Reg, Bi t
Label

endm

tb2tb macro RegS,BitS, RegD, BitD

| ocal j Labl, j Lab2
j npSet RegS, BitS,jLabl
bcf RegD, Bi t D
goto j Lab2
j Labl bsf RegD, Bi t D
j Lab2
endm

tb2Nottb macro RegS, BitS, RegD, Bi t D

| ocal j Labl,j Lab2
jpdr RegS, BitS,jLabl
bcf RegD, Bi t D
goto j Lab2

j Labl bsf RegD, Bi t D

j Lab2
endm
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B R R R R R R RS R R R R R R SRR EEEEEEEEEEEEEEEEEEEEEERERESE

; Read3201

; This functions reads MCP3201 and store the result

; in iA2DValue as a 12 bit val ue.

B R R R R S R R SRS R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEERERESES

Read3201
bcf t pA2D_Cs_ ; CS_ for 3201 A2D chip
cal | I ni t SPI Buf
nmov| w 2 ; expect 2 bytes
call LoadSPI Zer os

;; Initiate SPI transaction.
;7 Get nunber of bytes to exchange

bV2bVv FSR, bSPI Cnt
nmov| w pSPI Buf Base
subwf bSPI Cnt , F
nmov| w pSPI Buf Base
nmovw pSPI Buf
;; Load 1st byte to begi n exchange
nmovf w pSPI Buf Base ; get 1st byte in buffer
novwf SSPBUF ; send it
cal | Wi t SPI Exchange
bsf t pA2D_Cs_ ; CS_ for 3201 A2D chip
bV2bvVv pSPI Buf Base, i A2DVal ue+1
bV2bvVv pSPI Buf Base+1, i A2DVal ue

;; Shift right by 1 to renove extra bl bit
ishiftR i A2Dval ue

;; remove dummy upper 4 bits

nmov| w OxO0F
andwf i A2DVal ue+1, F
return
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NOTES:
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