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Section 1. General Description

1.1 Contents

1.2 Introduction. . . .. ... ... 11
1.3 Reference Board. . . .. ... 12
14 Reference Goals. . . ... .. 13

1.2 Introduction

The purpose of this document is to detail the hardware and software
required for a remote key entry (RKE) application. For several reasons
this solution can fit well even for “wireless” applications where there is a
need to send data from a remote sensor via radio frequency (RF)
communication.

If you look at networking connections, some years ago the only way to
implement these was with hundreds of meter of wires. Today we are
faced with a new challenge. For clarification, some of the standards are
highlighted below along with their main application.

1. 2.4-GHz Standards — The main application for this standard is
business wireless local area networks (LANs), where the speed of
the communication is a key factor (up to 24-Mbps)

2. Bluetooth —Originally, Bluetooth was being studied to provide a
solution to point-to-point short-range links for voice applications,
such as cell phones to PDAs or a hands free automobile adapter
kit that eliminates the need for cables and adapter sockets. Even
in these cases, the purpose of the standard is to provide a
high-speed solution for communicating huge quantities of data.

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Radio Frequency (RF) — The number of RF applications are
unlimited. An example of RF use would be with gate opening
applications. RF can be considered as a cost-effective solution for
small to medium volume data transmission (not at high speeds).
For such applications, frequency bands most used are 200 MHz,
315 MHz, 433 MHz, 868 MHz, or 900 MHz. Some of the markets
interested in this standard include appliances, smoke sensors,
and home networking.

The RF standard is the subject of this document.

1.3 Reference Board

DRMO005

Over the past several years, Motorola has developed many RF
semiconductor products including the MC68HC908RF2 microcontroller
unit (MCU). This microcontroller includes the excellent performance of
the HCO08 Family along with an integrated RF transmitter.

Reference board features:

Mother Board: Connectable to a PC through an RS232 connector
for setting up the receiver. The setting can be implemented stand
alone using the integrated encoder and a display unit on the
board.

Remote Transmitter: Implemented using an MC68HC908RF2
MCU with integrated Motorola technology for UHF transmitters.
Eight buttons are implemented on the transmitter.

Receiver Board: The MC3359x UHF is used to receive data from
the transmitter. The received data can be viewed on the display
unit on the mother board.

433-MHz and 868-MHz band frequency transmission
implemented (the MC68HC908RF2 can transmit both of the
frequencies by simply changing a pin status

Simple rolling code provided

All source code and schematics provided for fast implementation
of an RF application

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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General Description
Reference Goals

Itis important to highlight that the MC68HC908RF2 MCU can transmit at
two frequency levels: 433-MHz or 868-MHz simply by changing the
configuration of one pin (to be either a pullup or pulldown). For
evaluation reasons, Motorola has provided two separate transmitters so
that users can avoid buying or disconnecting a pullup on a case-by-case
basis.

See Figure 1-1.

Figure 1-1. Transmitter

1.4 Reference Goals

The main goal of this document is to demonstrate how to use the
Motorola components listed in 1.3 Reference Board to control
transmitting and receiving a RF transmission. However, it is important to
acknowledge the capabilities of the MC68HC908RF2’s FLASH memory
which will be demonstrated. A rolling code algorithm is provided with this
material (the source code is in Appendix A. Source Code). This
algorithm has been developed to use the embedded FLASH of the
MC68HC908RF2 MCU instead of an EEPROM memory.

In the remote transmitter, eight buttons have been implemented. The
pressure of one of these buttons is transformed in a RF transmitted
frame and captured by the receiver. The display mounted on the mother
board then shows an indication of the button pressed with the CRC code

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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transmitted (highlighting the fix code and variable code in case a rolling
code transmission is chosen).

Due to the excellent current consumption features of the
MC68HC908RF2 a “small” 3-volt Lithium battery (i.e., CR2032) is used
in the remote transmitter. In this configuration the average transmission
distance is around 10 meters. However, with a simple modification to the
transmitter layout (including a small transistor for amplifying and a
“bigger” battery) a range of 100 meters can be achieved.

The mother board is powered with a 9-volt DC power supply and has a
encoder mounted to set up the configuration of the transmission (fixed
or rolling code) and the three registers which reside inside the RF
receiver. The value of these register can be viewed on the mother
board’s display.

Another way to change the register’s value is through Windows® PC
software which is provided on a CD ROM and downloadable from the
Motorola web site at:

www.motorola.com/semiconductors

All embedded software has been written using Metrowerks®
CodeWarrior® suite for Motorola HC08 devices. All the code is
commented and provided in Appendix A. Source Code.

The receiver board is shown in Figure 1-2 and the mother board in
Figure 1-3.

® Windows is a registered trademark of Microsoft Corporation in the U.S. and/or other countries.

® Metrowerks and CodeWarrior are registered trademarks of Metrowerks, Inc., a wholly owned

subsidiary of Motorola, Inc.
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2.1 Contents

2.2 Introduction

Section 2. Motorola RF Components

2.2 Introduction. .. ... ... 17
2.3 MCBBHCO08RF2 ... ... . 17
24  MC33592/3 . . . 19
25  MC33491 . ... 19

This section provides a general overview of the Motorola RF
components used in this reference. They are:

e MC68HC908RF2 — microcontroller unit (MCU)

* MC33592/3 — phase locked loop (PLL) tuned ultra-high
frequency (UHF) receiver

¢ MC33491 — PLL tuned UHF transmitter

2.3 MC68HC908RF2

The MC68HC908RF2 MCU is a member of the low-cost,
high-performance M68HCO08 Family of 8-bit microcontroller units
(MCUs). Optimized for low-power operation and available in a small
32-pin low-profile quad flat pack (LQFP), this MCU is well suited for
remote keyless entry (RKE) transmitter designs.

This MCU can work with a Lithium battery because of the low level
current consumption that can be reached. In stop mode, the MCU
current consumption is almost 10 nA and it is possible to wakeup the
MCU with an external interrupt generated by the keyboard interrupt port.

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Features of the MC68HC908RF2 MCU include:

DRMO005

High-performance M68HCO08 architecture, fully
upward-compatible object code with M6805, M146805, and
M68HCO05 Families.

Maximum internal bus frequency of:
— 4 MHz at 3.3 volts
— 2 MHz at 1.8 volts

Internal oscillator requiring no external components
Software selectable bus frequencies
+25 percent accuracy with trim capability to +2 percent

Option allowing use of external clock source or external
crystal/ceramic resonator

2 Kbytes of on-chip FLASH memory
128 bytes of on-chip RAM
16-bit, 2-channel timer interface module (TIM)

12 general-purpose input/output (1/0) ports:
— Six shared with the keyboard wakeup function
— Two shared with the timer module

Port A pins have 3-mA sink capabilities

Low-voltage inhibit (LVI) module:
— 1.85-V detection forces MCU into reset
— 2.0-V detection sets indicator flag

6-bit keyboard interrupt with wakeup feature
External asynchronous interrupt pin with internal pullup (IRQ1)

UHF MC33491 transmitter featuring:

— Switchable frequency bands: 315, 434, and 868 MHz

— On/off keying (OOK) and frequency shift keying (FSK)
modulation

— Adjustable output power range

— Fully integrated voltage-controlled oscillator (VCO)

— Data clock output for the MCU

— Low external component count

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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2.4 MC33592/3

2.5 MC33491

NOTE:

Freescale Semiconductor, Inc.

Motorola RF Components
MC33592/3

MC33592/3 is a PLL tuned UHF receiver, usable in the receiver side of
a data transmitter application. It is a 24-lead quad flat package (LQFP)
device, completely configurable by a serial peripheral interface (SPI)
making it simple to interface with a MCU.

The MC33592/3 provides two band frequency ranges selectable by
mask option:

* MC33592 supports 315/433 MHz band with an intermediate
frequency (IF) of 500 kHz

« MC33593 supports 868 MHz band

The MC33592/3 supports either OOK or FSK modulation. With the data
manager active, the MC33592/3 is able to receive Manchester codified
data and communicate by SPI with an external MCU (a few components
are externally requested). By using MC33592/3 in sleep mode with the
strobe oscillator enabled, very low power consumption can be reached
(115 mA). In this condition, MC33592/3 will be periodically woken up
based on resistor-capacitor (RC) values outside and strobe ration
programmed from users.

MC33491 is a PLL tuned UHF transmitter in a 14-lead thin shrink small
outline package (TSSOP). This device is characterized for low power
consumption (0.5 nA stand-by current) with a supply voltage range
between 1.9 volts and 3.7 volts (this feature is suitable for portable
applications).

MC33491 can work at 315 MHz, 433 MHz, and 868 MHz without mask
change as the frequency band is completely switchable. For the
European market, 868 MHz will be a band extremely important in the
future, since it has just recently become available in many countries.

Refer to Figure 2-1, Figure 2-2, and Table 2-1.

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Figure 2-1. MC33492 Pin Assignments

TSSOP-14
DTB SUFFIX
CASE 948G

AAAARRA

DTB

IEEERL

0.65 mm Pitch
5 mm x 4.4 mm Body

Figure 2-2. 14-Lead TSSOP Pictorial

Table 2-1. MC33492 Ordering Information

Device Ambient Temperature Range Package

MC33491 DTB —40°C to 125°C TSSOP14
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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This section describes the MC68HC908RF2 reference board hardware.
The MC68HC908RF2 reference board (hereafter referred to as RF2
board) has these purposes:

Demonstration of a remote controller board for the
MC68HC908RF2 microcontroller (MCU)

Demonstration of a receiver board for the MC3359X receiver chip

The RF2 board can also program the FLASH memory of a
MC68HC908RF2 MCU from a personal computer (PC).

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Reference Board Hardware

In the development of this reference:

* The software was developed using Metrowerks C compiler and
assembler.

e Printed circuit board (PCB) and schematics were developed using
ZUKEN-REDAC CR5000 software.

* Debugging was done using a MMEVS08 debugger with
EMLO8GP32 daughter board for the MC68HC908GP32 and
EMLO8RK?2 daughter board for the MC68HC908RF2.

The RF2 board is composed of three parts:
1. Mother board — see 3.3 Mother Board Description
2. Remote — see 3.4 Remote Description

3. Receiver board — see 3.5 Receiver Board Description

NOTE: There is also a programming adapter board for the RF2 which is not
covered by this document.

3.3 Mother Board Description

The RF2 mother board is described here:
* The RF2 board is based on a MC68HC908GP32 FLASH MCU.

* The user interface has a rotary encoder with:
— Push button
— Select switch
— 3-line by 12-character liquid crystal display (LCD)

« A RS232 interface is provided to connect the board to the PC.

« A programmable power supply generates all voltages required to
program FLASH MCU.

* Aninput/output (I/O) connector is provided for the receiver board.

NOTE: The receiver board has not been integrated with the mother board to
allow for future upgrades as long as receiver chips are in continuous
evolution.

DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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Mother Board Description
« Two option board connectors have been provided that can accept
either a programming adapter or any other demonstration board.
* An optional external high density FLASH memory (128 Mbit) can
be installed to use the RF2 board as a general-purpose FLASH
programmer (firmware and adapters are not covered by this
document).
Refer to Figure 3-1 for a block diagram.
128M FLASH DISPLAY
(OPTIONAL) RS232 INPUT DEVICE
OPTION
110 MCU
BOARD
CONNECTOR MC68HC908GP32 CONNECTOR
PROGRAMMABLE POWER SUPPLY SYSTEM
Figure 3-1. Mother Board Block Diagram
Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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3.4 Remote Description

The remote is described here:

e The remote is based on a MC68HC908RF2 FLASH MCU with an
integrated ultra-high frequency (UHF) module.

¢ The circuit has:

— An 8-key silicon rubber keyboard to evaluate the wake-up
feature of the MCU

— A ssingle cell CR2032 lithium battery

 The antennais a small loop on the PCB generally used in keyless
entry systems.

Refer to Figure 3-2 for a block diagram.

ANTENNA

1-CELL
LITHIUM
BATTERY

4 X2 RUBBER MCU
KEYBOARD MC68HC908RF2

Figure 3-2. Remote Block Diagram

3.5 Receiver Board Description

The receiver board is based on a MC3359X UHF receiver (X =1 and 2
for 433.92 MHz and X = 3 for 868 MHz). This circuit allows the
demonstration of the MC3359X wake-up feature and data manager.

DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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Receiver Board Description

Two connectors are provided for expandability:

* One is a card edge connector so that the board can be used with
the MC68HC908RF2 mother board

* The other (not assembled) is a standard 2-mm pitch PTH

connector so that the board can be easily used with a user target.

Refer to Figure 3-3 for a block diagram, Figure 3-4 shows the receiver
board, and Figure 3-5 the receiver board schematic.

ANTENNA
CONNECTOR

WAKE-UP
CIRCUIT

MC3359X

BOARD
CONNECTOR

Figure 3-3. Receiver Board Block Diagram

Caiaiaie s iain)
A

Figure 3-4. Receiver Board
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Receiver Board Description
The circuit is very simple and not all components are needed in most
applications.

e The power supply is first filtered with L1,C10, and C12. Note that
C10 must be placed as near as possible to IC2.

* R3is the bandgap biasing resistor and should have an 1%
tolerance.

 CR1 and C11 are the reference oscillators for the phase locked
loop (PLL). Note that it is also possible to use an external
generator connected to X1 through a DC blocking capacitor.
However, the amplitude of the signal should not exceed 500 mV.

NOTE: When you calculate the reference oscillator frequency you must add to
the carrier center frequency the IF center frequency (generally 660 kHz).
So, for 433.92 Mhz carrier frequency:
f(ref) = (433.92+0.66)/32 = 13.580625 MHz

In this way, the transmitter and receiver have different reference XTAL.

WARNING: Reference oscillators values must be calculated accurately since a
difference of 10 kHz = 0.01 MHz will force the receiver out of tune
(for example, a XTAL of 13.57 MHz is not usable for a carrier of
433.92 MHz).

e C3isthe AGC capacitor in the case of OOK modulation. In case
of FSK modulation, the voltage at this pin is used as reference.

* C4 and R2 are the strobe oscillator external components. If a
strobe oscillator is not used R2 should be the jumper that connects
the strobe pin to V. Otherwise, MC33592/3 will be in sleep
mode.

WARNING: If strobe = V¢, bit 4 of CR1 (strobe oscillator enable) must be 0.

e The antenna is a very small loop antenna. While it is not the best
solution in that it is not well matched with the input impedance of
the LNA input amplifier, for most applications it is good enough
and there are no additional costs. A better solution would require
a matching network (with at least one inductor) and a input SAW
filter which is very expensive.
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3.6 Transmitter

A programming connector is provided for in-circuit programming of the
MC68HC908RF2 and for loading custom user programs. The transmitter
Is shown in Figure 3-6 and the schematic in Figure 3-7

Figure 3-6. Transmitter
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The circuit is very simple.

e The power supply is a CR2032 lithium battery connected directly
to the MC68HC908RF2 (IC1).

NOTE: Whenthe RF PLL is disabled and the MCU is in sleep mode the power
consumption is less then 100 nA.

* The keyboard (a 4 x 2 crosspoint rubber keyboard) connected to
the keyboard port wakes up the MCU.

 The MCU has an internal clock generator with no external
components.

* CR1 an C6 are the reference oscillators for the RF PLL enabled
by the PLLEN pin. When PLLEN = 1 the oscillator is ON and a
reference signal DCLK = XTAL/64 is available. DCLK is used as a
reference clock for the MCU timer to generate an accurate
modulation signal. This signal is available only when PLL is ON.

WARNING: The MC68HC908RF2 has two separate chips in the same case, one
Is the MCU and one is the RF transmitter. A buffer is needed if the
MCU is to be used to drive other logic gates.

e (C2,C3,C8, C9, and L1 are the matching network for the small
loop antenna.

« R20 and R21 are used to select the band and only one of them
must be assembled.

* RI12isthe output power setting resistor and sets the current of the
RF power amplifier.

3.7 Mother Board Display Menu

Figure 3-8 shows the mother board display menu.
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Figure 3-8. Mother Board Display Menu
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Section 4. HC908RF2 for Windows Installation

4.1 Contents

4.2 Introduction. . . .. ... ... 33

4.3 Installation Screens . . ........ .. .. 33

4.2 Introduction

This section provides the installation screens for the MC68HC908RF2
reference board.

4.3 Installation Screens

See Figure 4-1 through Figure 4-8.
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Section 5. Remote Programming Commands

5.1 Contents

5.2 Introduction. . ... 43
5.3 Communication Protocol. . ........... ... ... ... ... .... 43
54 Command SetParameters. . ...............iuii.... 44
54.1 Erase Programming Algorithm Memory (EPG) .......... 45
5.4.2 Erase TX S19 Memory (ETX). . . ... ... ... 46
54.3 Erase User Code Memory (EUM) .................... 47
54.4 Initialize MC33592/3 Registers (IRR) . . .. .............. 48
545 Load Programming Algorithm (LPG) .................. 49
5.4.6 Load TX S19File (LTX) ... oo v i 51
54.7 Product ID (PID). ... .o 53
54.8 Read MC33592/3 Registers (RRR) .. ................. 54
5.4.9 Update User Code (UUC) . ....... ... ... ... 55
5410 MC33592/3 Registers WRR). . ...................... 57

5.2 Introduction

A set of commands is available to control the FlashProg from the RS232
serial interface. This section will explain the format and parameters of
each command.

5.3 Communication Protocol

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

Commands are send to FlashProg using data packets. A data packet is
composed of packet length, the command, parameters, data, and
checksum. Parameters and data fields are optional.
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The maximum length of a packet is 64 bytes. The packet length is 1 byte,
the command is an ASCII mnemonic of three characters. Parameters
and data are of variable size and the checksum length is 1 byte.

The command packet format is shown in Figure 5-1.

$18 PACKET LENGTH COMMAND | PARAMETERS DATA CHECKSUM
1BYTE 3BYTES nBYTES m BYTES 1BYTE
BYTE O BYTE 1 BYTE p

k=1
Checksum = $FF — LSB[ > Byte(k)j

k=p-1
Figure 5-1. Command Packet Format

Checksum is one’s complement of the least significant bit (LSB) of the
sum from packet length (included) to the checksum (excluded).

The answer from FlashProg can be one of four types:
* “Y” = Packet correct and command executed without error
* “N” = Packet error
* Exxx = Packet correct but command ended with error xxx

« A data packet

The answer data package format is shown in Figure 5-2.

$1B PACKET LENGTH DATA CHECKSUM
1BYTE m BYTES 1BYTE
BYTEO BYTE 1 BYTE p

k=1
Checksum = $FF — LSB[ > Byte(k)j

k=p-1

Figure 5-2. Command Packet Format

5.4 Command Set Parameters

This subsection provides the command set parameters available to
control the FlashProg from the RS232 serial interface.
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5.4.1 Erase Programming Algorithm Memory (EPG)

The EPG command will erase the memory area from $D7FF to $D6FF.
The programming algorithm for the MC68HC908RF2 is stored in this
area.

The EPG command packet has the following composition:

$1B $04 EPG $1F
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic EPG Character 3
Checksum Checksum Byte 1

The answer to the EPG command has the following composition:

Answer ASCII Meaning
Y $59 Memory erased
N $4E Packet not valid

Command examples:

To erase the programming algorithm area the following command
packet must be sent.

$1B,$04,” EPG” ,$1F
orin HEX
$1B,$04,$45,$50,$47,$1F
The answer will be:
Y

orin HEX
$59
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5.4.2 Erase TX S19 Memory (ETX)

The ETX command will erase the memory area from $E700 to $EFFF.
The S19 file for the MC68HC908RF2 is stored in this area.

The ETX command packet has the following composition:

$1B $04 ETX $0A
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic ETX Character 3
Checksum Checksum Byte 1

The answer to the ETX command has the following composition:

Answer ASCII Meaning
Y $59 Memory erased
N $4E Packet not valid

Command examples:

To erase the programming algorithm area the following command
packet must be sent.

$1B,$04,” ETX” ,$0A
orin HEX
$1B,$04,$45,$54,$58,$0A
The answer will be:
Y

orin HEX
$59
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5.4.3 Erase User Code Memory (EUM)

The EUM command will erase the memory area from $8000 to $CFFF.
The user code is stored in this area.

The EUM command packet has the following composition:

$1B $04 EUM $14
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic EUM Character 3
Checksum Checksum Byte 1

The answer to the EUM command has the following composition:

Answer ASCII Meaning
Y $59 Memory erased
N $4E Packet not valid

Command examples:

To erase the user code area the following command packet must be
sent.

$1B,$04,” EUM” ,$14
orin HEX
$1B,$04,$45,$55,$4D,$14
The answer will be:
Y

orin HEX
$59

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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5.4.4 Initialize MC33592/3 Registers (IRR)

The IRR command will load MC3359X registers CR1, CR2, and CR3
with the value stored in FLASH memory.

The IRR command packet has the following composition:

$1B $04 IRR $0E
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic IRR Character 3
Checksum Checksum Byte 1

The answer to the EPG command has the following composition:

Answer ASCII Meaning
v $59 Command executed
successfully
N $4E Packet not valid
EOO01 $45, 2333 $30, Receiver board not present

Command examples:

To INIT the MC3359X registers with the NV memory value the
following command packet must be sent.
$1B,$04,” IRR” ,$0E
orin HEX
$1B,$04,$49,$52,$52,$0E

If the command has been executed successfully and is blank the
answer will be:
Y
orin HEX
$59

If the receiver board is not present the answer will be:
EO001
orin HEX
$45,$30,$30,$31
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5.4.5 Load Programming Algorithm (LPG)

The LPG command will load the programming algorithm for the
MC68HC908GP32 and will wait for data.

The LPG command packet has the following composition:

$1B $04 LPG $18
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic LPG Character 3
Checksum Checksum Byte 1

The answer to the LPG command has the following composition:

Answer ASCII Meaning
Y $59 Read to receive data
N $4E Packet not valid

Command examples:

After the answer “Y”, the MC68HC908GP32 on the reference board

is ready to receive data. The PC must send the character “S” and
receive an “S” as echo.

The data is sent after the “S” and has the following composition:

Number
of Packets Packet1 [ ... Packet N
(2 Bytes)
Data format:
Number
of Data Bytes C(h legkfg)m Start Address [()afxzﬁg)s
(1 Byte) Y
Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Packet format:

At the end of each packet the reference board will send the
character “Y”.

Command examples:

To start loading the programming algorithm area the following
command packet must be sent:

$1B,$04,” LPG”,$18
orin HEX
$1B,$04,$4C,$50,$47,$18
The answer will be:

Y
orin HEX
$59
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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5.4.6 Load TX S19 File (LTX)

The LTX command will load the programming algorithm for the
MC68HC908GP32 and will wait for data. The data will be stored in the
Tx S19 file area (OXE700 to OXEFFF).

The LPG command packet has the following composition:

$1B $04 LTX $03
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic LTX Character 3
Checksum Checksum Byte 1

The answer to the LTX command has the following composition:

Answer ASCII Meaning
Y $59 Ready to receive data
N $4E Packet not valid

After the answer “Y”, the MC68HC908GP32 on the reference board is
ready to receive data. The PC must send the character “S” and receive
an “S” as echo.

The data is sent after the “S” and has the following composition:

Number
of Packets Packet1 || ... Packet N
(2 Bytes)

Data format:

Number
of Data Bytes C(hlegkfeu)m Start Address [()afxzﬁg)s
(1 Byte) Y
Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Packet format:

At the end of each packet the reference board will send the
character “Y”.

Command examples:

To start loading the S19 file area the following command packet must
be sent.

$1B,$04,”LTX”,$03
orin HEX
$1B,$04,$4C,$54,$58,$03
The answer will be:

Y
orin HEX
$59
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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5.4.7 Product ID (PID)

The PID command will ask the MC68HCHC908RF2 for the firmware
revision.

The PID command packet has the following composition:

$1B $04 PID $1E
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic PID Character 3
Checksum Checksum Byte 1

The answer to the PID command has the following composition:

Answer ASCII Meaning
$52, $46, $42,
RFB XY.Z $20, $XX, $3Y,
$2E, $3Z
N $4E Packet not valid

Command examples:

To get the firmware revision, the following command packet must be
sent.

$1B,$04,” PID” ,$1E

orin HEX
$1B,$04,$50,$49,$44,$1E
An example answer will be:
RFB A0.0
orin HEX
$52,$46,$42,$20,$41,$30,$2E,$30
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5.4.8 Read MC33592/3 Registers (RRR)

DRMO005

The RRR command will read MC3359X registers CR1, CR2, and CR3.

The RRR command packet has the following composition:

$1B $04 RRR $05
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic RRR Character 3
Checksum Checksum Byte 1

The answer to the RRR command has the following composition:

Answer ASCII Meaning
$XX, BYY, XX =CR1,YY =CR2,
XYz y $77, $59 ZZ = CR3
N $4E Packet not valid
EOO01 $45, 1333 $30, Receiver board not present

Command examples:

To read the MC3359X registers, the following command packet must
be sent.

$1B,$04,” RRR”,$05
orin HEX
$1B,$04,$52,$52,$52,$05
If the command has been executed successfully and CR1 = $46,
CR2 = $04, CR3 = $00 the answer will be:
$46,$04,$00,Y
orin HEX
$46,%$04,$00,$59
If the receiver board is not present the answer will be:
EO001
orin HEX
$45,$30,$30,$31
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5.4.9 Update User Code (UUC)

The UUC command will update the firmware stored in the area 0x8000
to OXCFFF.

The UUC command packet has the following composition:

$1B $04 uucC $0E
Field Value Type Length
Header $1B Byte 1
Length 4 Byte 1
Mnemonic uucC Character 3
Checksum Checksum Byte 1

The answer to the UUC command has the following composition:

Answer ASCII Meaning
Y $59 Ready to receive data
N $4E Packet not valid

After the answer “Y”, the MC68HC908GP32 on the reference board is
ready to receive data. The PC must send the character “S” and receive
an “S” as echo.

The data is sent after the “S” and has the following composition:

Number
of Packets Packet1 [ ... Packet N
(2 Bytes)
Data format:
Number
of Data Bytes C(h legkfg)m Start Address [()afxzﬁg)s
(1 Byte) Y
Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Packet format:
At the end of each packet the reference board will send the character
“Y”.

Command examples:

To start updating the firmware the following command packet must be
sent:

$1B,$04,” UUC” ,$0E

or in HEX
$1B,$04,%$55,$55,$43,$0E

The answer will be:

Y
orin HEX
$59
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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and update the INIT value stored in the FLASH memory.

The WRR command packet has the following composition:

CR1, CR2, CR3

The WRR command will write MC3359X registers CR1, CR2, and CR3

$1B || $07 || WRR (3 Bytes) Checksum
Field Value Type Length
Header $1B Byte 1
Length $07 Byte 1
Mnemonic WRR Character 3
CR1, CR2,

Parameter CR3 Byte 3
Checksum Checksum Byte 1

The answer to the WRR command has the following composition:

Answer ASCII Meaning
v $59 Command executed
successfully
N $4E Packet not valid
EOO01 $45, 1333 $30, Receiver board not present
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Remote Programming Commands

DRMO005

Command examples:

To set CR1 =$54, CR2 = $30, and CR3 = $00 the following command

packet must be sent:
$1B,$05,” WRR",$54,$30,$00,$79
orin HEX
$1B,$05,$53,$42,$4D,$03,$79
The answer will be:
Y
orin HEX
$59
If the receiver board is not present the answer will be
EO001

orin HEX
$45,$30,$30,$31
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Freescale Semiconductor, Inc.

Designer Reference Manual — Remote Keyless Entry

Appendix A. Source Code

A.1 Contents

A.2 Mother Board Firmware . ..................
A21 UKS509.ASM . . ... .
A2.2 UKS09PRM . ... .

A.3 Transmitter Firmware . .. ... ...............

NOTE: The MC33592/3 isreferred to as Romeo and the MC33491 is referred to

as Tango in the source code.
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A.2 Mother Board Firmware

A.2.1 UK509.ASM

base $10

USERSUM equ $912D
USERSUML equ $0569
USERSUM2 equ $13EB
; Emul at ed equ 0

; Test Agent equ 0

. SOURCE . UK509. ASM
. CONTROLLER : 68HCO08GP32

;. CLOCK . 9.8304 Wnhz

. VERSION  : B.00 04 Ago 2001

: #%$- VI EW Schemat i cs-$

Revi si on equ $0100
Pl ugVer equ 3
i ncl ude "C:\ Metrowerks\|ib\HCO8c\ I NC\ HO08GP32. | NC"

: #$- VI EW Regi st er Decl arati ons- $#

; Port A

; Port Ais used as 8 bit Data bus

; Pull Down : A(7)

DDRAI ni t equ 290000000 ;
Port Al nit equ 290000000 ;
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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Source Code
Mother Board Firmware
; Port B
; Port B bits
; CDE : HN29F12814A Command Data Enabl e
; SC : HN29F12814A Serial d ock
; CE © HN29F12814A CQut put Enabl e
; BankO : BankO 0/1 selct
; Bankl : Bankl1l 0/1 selct
7 VE : HN29F12814A Wite Enable
; SCLP : 12C Bus Pod SCL
; SDAP : 12C Bus Pod SDA
; Hardwar e changes
; None
; Porta B
CDE equ 0 ;
SC equ 1 ;
CE equ 2 ;
BankO equ 3 ;
Bank1 equ 4 ;
V\E equ 5 ;
SCLP equ 6 ;
SDAP equ 7 ;
DDRBI ni t equ 941111111 ;
Port Bl ni t equ 941111101 ;
; Port C
; Port Cbits
; KEY : Select Switch : 0=Pushed 1=Not pushed
; EVHH : Enabl e Mon08 VHH
i RST : Mon08 Reset
; HOLD : Main Power Supply Hold (1=Hol d, 0=Power Of f)
; EVCC : Enabl e Mon08 VCC
; NDAC . Max533 DAC Enable (active | ow)
i LE : Switch Led (0=0n, 1=0f)
; Hardwar e changes
; None
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Source Code

; Porta C
KEY equ 0 ;
EVHH equ 1 ;
RST equ 2 ;
HOLD equ 3 ;
EVCC equ 4 ;
NDAC equ 5 ;
LED equ 6 ;
DDRCI ni t equ %91111110 ;
Port Cl nit equ 991101000 ;
; Port D
; Port Dbits
; Sl ave : SPI Slave pin
; Podl RQ : MONO8 | RQ
; MOSI : SPI MOSI
; PodDat a : MONO8 Dat a
; PUSHBUT : Encoder Push Button (0=Pushed, 1=Not pushed)
; ENCB : Encoder Phase B
; SCL : 12C Bus clock
; SDA : 12C Bus data

; Hardwar e changes

; None

; Porta D

Sl ave equ 0 ;

Podl RQ equ 1 ;

MOSI equ 2 ;

PodDat a equ 3 ;

PUSHBUT equ 4 ;

ENCB equ 5 ;

SCL equ 6 ;

SDA equ 7 ;

DDRDI ni t equ 941000011 ;

Port DI ni t equ 941000101 ;
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Fl ashRAM

Li neLen
Li neSum
St art Addr
EndAddr
Byt eCount
NunLi nes
Fl ashTop

Dl y30usPod
Bi o0sRAM

RFf | ags
Buf f er RF
Bi t Count
RFCRC

Buf Pt r
Last Tim
CellO

Del taT
EncCnt
EncSt ep
Cur X
CurY

Max

M n
Curltem
Cur MenuPt r
TrpPtr
RS232St
CRC232
SFl ags
Buf f er Cnt
Sour cePtr
Dest Ptr
VHH
RS232TnD
Di spDunpl
EchoFl ags
LastV
Updat eTrno
MFl ags
CR1

CR2

CR3

EEEEEE N
0
:

00w wWwWwWw

D
Qo
c

2
:

BRABRBABRBRABABRBRBRBRBRBABRBRBRBP B
UJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJEUJEUJUJUJUJUJ

Freescale Semiconductor, Inc.

$20

PR RPRPRPRPRPPEPNRPNNRRPRPRPRNNNRRPRPRPRPRPRPRERRERERRERRE®R

Source Code

Mother Board Firmware

; 20us @ Fbus=2. 4576 VHz
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BUFFERS: SECTI ON

Buf fer Si ze equ $50 ; Si ze of RS232 buffer

RxBuf f er DS. B 50

StringBuffer DS. B 18

StringBufferl DS.B 18

StringBuffer2 DS.B 18

FI ashBuf f er DS. B 50

EEBuf equ StringBuffer

; Bit of RS232St at us

EscRec equ 1 ; Esc received (Receiving Packet)
; Bit of SFlags

User C equ 0 ; User conmands enabl ed

TXFil e equ 1 ; 1=Tx code present

User P equ 2 ; Programi ng code enabl ed

; Bit of Ml ags

Cod equ 0 ; 0=Fi xed, 1=Rol | i ng

ModeMsk equ 290000001 ;

; Bit of RFFl ags

CRCP equ 0 ; Flag CRC Pendi ng

EndFr ane equ 1 ; Flag Lern OK

EdgRF equ 2 ; Flag RF Edge

Bl ankW equ 3 ;Flag Sync Waiting

LoadRF equ 4 ; Fl ag Recei ved Status

SyncWwW equ 5 ; Flag Waiting Sync

Lockd equ 6 ; Flag RF | ocked

RFMask equ 290000100 ;
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Source Code
Mother Board Firmware

;Bit of CRL

HE equ 0 ;0=Wite CRx

DVE equ 1 ;

SRO equ 2 ;

SR1 equ 3 ;

SCE equ 4 ;

MCD equ 5 ;

CF equ 6 ;

RwW equ 7 ;

CFMsk equ 291000000 ;

; Time contants

Dl y5us equ $04 : 5uS @ FBus=2. 4576MHz
Dl y10us equ $08 ; 10uS @ FBus=2. 4576VHz
Dl y30us equ $28 ; 30uS @ FBus=2. 4576NVHz
Dl y100us equ $51 ; 100uS @ FBus=2. 4576MHz
M nSync equ 75 ;

MaxCel | equ 60 ;

; Blink Frequency divider

; This value is used to set the blinking frequency of the cursor during input

Bl i nkDi v equ 290001000
User Code: SECTI ON
User CodeSum
DC. W USERSUM
DC. W User CodeEnd
Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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Source Code
User Pr og
| FNDEF Test Agent

jsr ar ;
j Mai nMenu ;

War ni ng
pshx ;
pshh ;
j sr Cr ;
pul h ;
pul x ;
j sr PrintStrl ;
jsr Wai t | nput ;
rts ;

; Hex to string convesion

;On entry

; X, A=Pointer to string

; SP-3=Dat a

;On exit

i X, A=Pointer to end of string

HexToStr
pshx ;
pul h ;
t ax :
| da 3, SP ;
nsa ;
and #3$0F ;
bsr Set Ni bbl e ;
| da 3, SP ;
and #3$0F ;
bsr Set Ni bbl e ;
clr , X ;Null termnate string
pshh ;
t xa :
pul x ;
rts :
Set Ni bbl e
add #3$30 ;
cnp #%$39 ; Convert to ascii
bl s NoAl f al ;
add #3$07 ;
NoAl f al
sta , X ;
ai x #$0001 :
rts :
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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Mother Board Firmware

; Char to Hex nibble
;On entry
; A=char
;On exit
; A=Hex val ue
Char ToHex

sub #$30 ;

cnp #$09 ;

bl s Ni bbl eOK ;

sub #$07 ;
Ni bbl eOK

rts ;
rhkkkkhkhkhkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkhhkIhhkhhkhkhkkhkhkkhkhkhkhhkhhkdhhkhhkkhkhkhhhhhdhhdhhkhhkhhkhhkhkhkhkdhhkhhkhkhkkhhkhk
; RS232 User routines
Z~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k*~k~k~k~k*~k~k~k~k*~k~k~k~k~k~k~k~k*~k
rkkkkhkhkhkhkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkkhkhkkhkhk ki hkhkhkAhkhkhkhkkhkhkkhkhkkhkhkhkkhkhkkhkKh*k
; Init Romeo Register Conmand
; Buffer status;
; 00 PackLen (Packet Length 04)
; 01-03 "I RR'
; 04 Packet Checksum ( $0E)
rhkkkkhkhkhkhkhkhkkhkhkkhkhkkhkhkhkhhkhkhkhkkhkhkkhkhkkhkhkhkhkhkAhkhkhkhkkhkhkkhkhkkhkhkkhkkhhkkhkKh*k
Cndl RR

j sr ChkRoneo ;

beq Cmdl RR1 ;

| da #$01 ;

jmp Er r Code ;
Cndl RR1

j sr | ni t Roneo ;

j m (©11:10 1 ;

EEE R I kI kI R R I R R I O R I I
)

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

DRMO005

MOTOROLA Source Code

For More Information On This Product,
Go to: www.freescale.com

67



4\ Freescale Semiconductor, Inc.

; Read Ronmeo Regi ster Conmand

; Buffer status;

; 00 PackLen (Packet Length 04)
; 01-03 "RRR"
; 04 Packet Checksum ($05)

EEE R kR R I I R R I R I I
)

CmdRRR
j sr ChkRoneo ;
beq Cnd RRR1 ;
| da #$01 ;
jmp Er r Code ;

CmdRRR1
j sr ReadRoneo ;
| da CR1 ;
j sr Put RS232 ;
| da CR2 ;
j sr Put RS232 ;
| da CR3 ;
j sr Put RS232 ;
jmp ©11:10 § ;

IR IR Rk R I R I O I O R R I O O

; Wite Ronmeo Registers Command

; Buffer status;

; 00 PackLen (Packet Length 07)
; 01-03 "WRR"

; 04 CR1

; 05 CR2

; 06 CR3

;07 Packet Checksum ($XX)

EEE R kI kI R R I R R I O I
)

CmdWRR
j sr ChkRoneo ;
beq Cnd\V\RR1 ;
| da #3$01 ;
jmp Er r Code ;
CmdWRR1
| da RxBuf f er +4 ;
and #STF :
sta CR1 ;
| da RxBuf f er +5 ;
sta CR2 ;
| da RxBuf f er +6 ;
sta CR3 ;
j sr WiteRoneo ;
jsr SaveNVCR ;
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Source Code
Mother Board Firmware
Cnd oK
| da #Y ;
jsr Put RS232 ;
clr Buf f er Cnt ;
clr RS232St ;
rts ;
s hkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkdkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkk
;. Send Error Code
; 01=No Roneo Mbdul e
Z~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k*~k~k~k~k~k~k~k~k**~k~k~k~k~k~k~k~k~k*~k
Er r Code
psha ;
| da # E ;
j sr Put RS232 ;
pul a ;
j sr SendDec ;
clr Buf f er Cnt ;
clr RS232St ;
rts ;
IR S O S S S S S S S S I S S S IR I I I I Ik I I I I I I I I I b I I I I
;. ROVEQ2 driver
Z~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k**~k~k~k~k~k
ReadRoneo
pshh ;
pshx ;
psha ;
nov #9©0101010, SPCR ;lnit SPlI as nmaster
bclr Bank0, PORTB ; CS3 nust be | ow
bclr Bank1, PORTB ;
| da #$80 ;
j sr SendRoneo ;
j sr Cet Roneo ;
sta CR1 ;
| da #3300 ;
bsr SendRoneo ;
bsr Cet Roneo ;
sta CR2 ;
| da #3300 ;
bsr SendRoneo ;
bsr Cet Roneo ;
sta CR3 ;
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bset Bank0, PORTB ; CS3 nust be high
bset Bank1, PORTB ;
pul a ;
pul x ;
pul h ;
rts ;

ChkRoneo
jsr ReadRoneo ;
| da CR2 ;
psha ;
| da #$AA :
sta CR2 ;
bsr Wit eRoneo ;
j sr ReadRoneo ;
| da CR2 ;
| dx 1, SP ;
sta 1, SP ;
st X CR2 ;
bsr Wit eRoneo ;
pul a ;
cnp #BAA ;
rts ;
I ni t Roneo
| da NVRegs ;
sta CR1 ;
| da NVRegs+1 ;
sta CR2 ;
| da NVRegs+2 ;
sta CR3 ;
bsr Wit eRoneo ;
j sr ReadRoneo ;
nov #94.0001010, SPCR ;lnit SPI slave
bset Bank0O, PORTB ; CS2 nust be | ow
belr Bank1, PORTB ;
rts ;
RoneoSet | D
j sr ReadRoneo ;
sta CR2 ;
Wit eRoneo
pshh ;
pshx ;
psha ;
nov #99©0101010, SPCR ;Ilnit SPI as master
belr Bank0O, PORTB ; CS3 nust be | ow
belr Bank1, PORTB ;
| da CR1 ;
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Source Code
Mother Board Firmware
and #$7F :VE bit | ow
bsr SendRoneo ;
bsr CGet Roneo ;
| da CR2 ;
bsr SendRoneo ;
bsr CGet Roneo ;
| da CR3 ;
bsr SendRoneo ;
bsr CGet Roneo ;
bset Bank0, PORTB ; CS3 nust be high
bset Bank1, PORTB ;
pul a ;
pul x ;
pul h ;
rts :
SendRoneo
brclr SPTE, SPSCR, * Wit transnitter enpty
sta SPDR ;
rts ;
Get Roneo
brclr SPRF, SPSCR, * ;
| da SPDR ;
rts :
SPI Pr oc
t st SPSCR ;
| da SPDR ;
rti ;

EEE R R R S R I R R R R R I O R R I R I I R R R R I R I R I R I O O
)

; Reception Routines without Data Manager Enabl ed

)
EEE R R I R R I I R R R R R I O R R I I R I I IR R R R I R I R I R I O O
)

I ni t Code
j sr Hone ;
| dhx #Franmel ;
brclr Cod, MFI ags, Pri nt Frane ;
| dhx #Frame2 ;
Print Frane
j sr PrintStrl ;
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Source Code
InitRF
| da #$08 ;
sta Bi t Count ;
| da #$07 ;
sta Buf Pt r ;
bset SyncW RFf | ags ;
bset Bl ankW RFf | ags ;
bel r Lockd, RFf | ags ;
bel r CRCP, RFf | ags ;
clr RFCRC ;

rts ;

; Check of the RF signal edges

Get RF
brclr EndFr ane, RFf | ags, Not EOF ; End Frame ?
j mp EOF ;
Not EOF
| da PORTD ;
eor RFf | ags ; Change in RF Input signal ?
and #RFMask ;
bne NewEdge ;
rts ;
; Calculation of DeltaT, Update of Last RTCC, Reset of O fset
; and change of edge
NewEdge
I dhx T1CNTH ;
; brclr EdgRF, RFf | ags, NewkEdgel ; Rising edge ?
; | da #$50 ;
; dbnza $ ;
; | da PORTD ;
; eor RFf | ags ; RF I nput changed?
; and #RFMask ;
; bne NewEdgel ;
; rts ;
NewEdgel
t xa ;
sub Last Ti m-1 ;1f Yes, deternmine DeltaT
sta Del taT+1 ;
pshh ;
pul a ;
sbc Last Tim ;
sta Del taT ;
st hx Last Tim ;
| da #RFMask ; Change of edge
eor RFf | ags ;
sta RFf | ags ;
br set EdgRF, RFf | ags, Ri seRF ; Ri sing edge ?
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
72 Source Code MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



O
]

; Fal i ng

bclr
bset

Freescale Semiconductor, Inc.

Edge:

LED, PORTC
Lockd, RFf | ags

If don’t wait for

Source Code
Mother Board Firmware

Sync determ ne the bit

; Syncroni zation Signal

brclr SyncW RFf | ags, BitCal c ; Sync waiting ?
br set Bl ankW RFf | ags, Exi t RF ; Yes, Sync waiting ?
| dhx Del taT ; Yes, check if Sync is correct
cphx #$0060 ;
bhi InitRF ;
cphx #$0020 ;
bl o InitRF ;
bel r SyncW RFf | ags ; Sync flag reset
Exi t RF
rts ; Go out
; Rl'sing Edge : Cel |l O=Del taT
Ri seRF
bset LED, PORTC ;
brclr Lockd, RFf | ags, Exit RF ; Locked ?
brclr Bl ankW RFf | ags, Ri seRF1 ; Yes, Sync waiting ?
| dhx Del taT ; Yes, check if Sync is correct
cphx #$0060 ;
bhi InitRF ;
cphx #$0020 ;
bl o InitRF ;
bel r Bl ankW RFf | ags ; Sync Fl ag Reset
rts ;
Ri seRF1
| da Del taT ;
bne Exi t RF ;
| da Del taT+1 ;
sta CellO ;
rts ;
;Calcola bit
BitCal c
clrh ;
| da Del taT i Yes, check if the cell is correct
bne Exi t RF ;
| da Del taT+1 ;
cnp #MaxCel | ;
bhi FranmeErr1l ;
| da CellO ;Calcul ation of the Cell Rapport
sub Del taT+1 ;
| dx Buf Pt r ;
ror Buf f er RF, X ;bit Insertion
brclr CRCP, RFf | ags, NoCRC ; CRC Pending ?
| da RFCRC ;
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rora ;
ror RFCRC ;
| da RFCRC ;
eor Buf f er RF, X ;
and #94.0000000 ;
belr 7, RFCRC ;
beq NoCRC ;
bset 7, RFCRC ;
| da #99©0001100 ;
eor RFCRC ;
sta RFCRC ;
NoCRC
dbnz Bi t Count , Exi t RF ; Next bit
; Next Byte
| da #3$08 ;
sta Bi t Count ; Yes, next byte
dec Buf Pt r ;
bset CRCP, RFf | ags ;
| da Buf Pt r ;
bpl Exi t RF ;
bset EndFr ame, RFf | ags ; Yes, End Frane signal
rts ; No, go out
FrameErrl
jmp FraneErr ;
; End Frame: Initialization and enabl e RF signal Research
ECF
belr LED, PORTC ;
belr EndFr ane, RFf | ags ; Yes, Reset End Frane
| da Buf f er RF+7 ;
nsa ;
sta Buf f er RF+7 ;
| da Buf f er RF+7 ;
rola ;
r ol Buf f er RF+7 ;
| da RFCRC ; Check CRC
cnp Buf f er RF+7 ;
bne FraneErr1 ;
brclr Cod, MFI ags, NoRol | ;
| da #$00 ;
| dx #3$02 :
j sr CGot oXY ;
| da Buf f er RF+2 ;
| dx Buf f er RF+1 ;
j sr Pri nt Short ;
| da Buf f er RF+3 ;
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NoRol |

Next Rot at e

NoRot at e

ShowRol |

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

jsr
| da
jsr
| da
jsr
| da
jsr

| dhx
| da
eor
sta
| da
eor
sta
| da
eor
sta
| da
eor
sta
| da
eor
sta
| da
and
beq
t ax

| da
rola
r ol
r ol
r ol
r ol
r ol
r ol
dbnzx

brclr

| da
| dx
j sr
| da
| dx
j sr
| da
j sr
| da
j sr

Freescale Semiconductor, Inc.

Pri nt Hex
Buf f er RF+4
Pri nt Hex
Buf f er RF+5
Pri nt Hex
Buf f er RF+7
Pri nt Hex

Buf f er RF

c

XXX XXX XXXXXXXX

PONMNNMNRPOWONARM,ROWDOOPMR

1, X

Buf f er RF+6
#3S0F

NoRot at e

Buf f er RF

Buf f er RF+5
Buf f er RF+4
Buf f er RF+3
Buf f er RF+2
Buf f er RF+1
Buf f er RF

Next Rot at e

Cod, MFI ags, ShowFi x

#3$00

#3%$01

Got oXY

Buf f er RF+2
Buf f er RF+1
Pri nt Short
Buf f er RF+3
Pri nt Hex
Buf f er RF+4
Pri nt Hex
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ShowFi x

Key Dx

KeyNum

Key1l
Key?2

Key3

DRMO005

clra ;
jsr Pri nt Hex ;
| da Buf f er RF+6 ;
jsr Pri nt Hex ;
jmp InitRF ;
| da #$06 ;
| dx #$00 ;
jsr CGot oXY ;
| da Buf f er RF+2 ;
| dx Buf f er RF+1 ;
j sr Pri nt Short ;
| da Buf f er RF+3 ;
j sr Pri nt Hex ;
| da #$06 ;
| dx #$01 ;
j sr CGot oXY ;
| da Buf f er RF+4 ;
bpl Key Dx ;
| da # D ;
j sr Print Char 1 ;
| da # x’ ;
j sr Print Char 1l ;
| da # ;
jsr Print Char 1l ;
bra KeyNum ;
| da # S ;
j sr Print Char 1l ;
| da # x’ ;
j sr Print Char 1l ;
| da # ;
jsr Print Char 1l ;
| da Buf f er RF+4 ;
and #$0F ;
t ax ;
| da #$34 ;

cbeqgx #$01, Key4 ;
cbeqgx #$06, Key3 ;
cbeqgx #$04, Key?2 ;
deca ;

deca ;

deca ;
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Key4

FraneErr

;. Level 1 nmenu

jsr
| da
I dx
jsr
| da
jsr

nop

j m

| dhx
pshx
pshh
| dhx
clra
j sr
ai s
bra

j sr
beq
j sr
| dhx
j sr
j sr
rts

Freescale Semiconductor, Inc.

Source Code

Mother Board Firmware

Print Char 1
#3$06 ;
#3$02 ;
Got oXY

Buf f er RF+5
Pri nt Hex

I nitRF

#Menul

#$0200 ;

Menu
#$02 ;
Mai nMenu ; Endl ess | oop on main nmenu

ChkRoneo
RoneoFound
cr
#NoRoneoMsg ;
PrintStril
Wai t | nput ;
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RomreoFound
jsr I ni t Roneo ;
| dhx #Menull ;
pshx ;
pshh ;
| dhx #$0200 ;
clra ;
jsr Menu ;
ais #$02 ;
rts ;
TxMenu
| dhx #Menul2 ;
pshx ;
pshh ;
| dhx #$0000 ;
clra ;
j sr Menu ;
ais #$02 ;
rts ;

; Level 1.1 nenu routines

;Level 1.1 nenu Do routines

DoRecei ve
| dhx #Menulla ;
pshx ;
pshh ;
| dhx #$0101 ;
| da #$01 ;
j sr Menu ;
ais #$02 ;
j sr Wi t Not Push ;
j sr | ni t Roneo ;
j sr I ni t Code ;
RFLoop
j sr Cet RF ;
j sr PushOK ;
cbeqga #$00, RFLoop ;
bset LED, PORTC ;
rts ;
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RonmeoMenu
| dhx #Menull?2 ;
pshx ;
pshh ;
| dhx #$0200 :
clra ;
jsr Menu ;
ais #3$02 ;
rts ;
RxMode
| da #ModeMsk ;
eor MFl ags ;
sta MFl ags ;
rts ;
BandSel
| da #CFMsk ;
eor CR1 ;
sta CR1 ;
jmp SaveNVCR ;
Menullal 2
clra ;
| dx #3%$01 ;
j sr CGot oXY ;
| dhx #Fi xedMsg ;
brclr Cod, MFI ags, Pri nt Mode ;
| dhx #Rol | Msg ;
Pri nt Mode
j sr PrintStrl ;
rts ;
Menulll 3
clra ;
| dx #3$02 ;
j sr CGot oXY ;
| dhx #Band315Msg ;
brclr CF, CR1, Pri nt Band ;
| dhx #Band434Msg ;
Pri nt Band
j sr PrintStrl ;
rts ;
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: Level 1.2 nenu routines

;Level 1.1 nenu Do routines

DoPr ogr am
br set TXFi | e, SFI ags, TXOK ;
j sr Cr ;
| dhx #NoFi | eMsgl ;
j sr PrintStrl ;
jsr Wai t | nput ;
rts ;
TXOK
br set User P, SFI ags, TXOK1 ;
j sr Cr ;
| dhx #BadPr ogMsg ;
j sr PrintStrl ;
jsr Wai t | nput ;
rts ;
TXOK1
jsr ProgTx ;
rts ;
Menul2l 3
clra ;
I dx #$02 ;
j sr CGot oXY ;
bsr ChkFi | eNane ;
br set TXFi | e, SFl ags, Pri nt Name ;
Pri nt NoNane
| dhx #NoFi | eMsg ;
Pri nt Nane
j sr PrintStrl ;
rts ;
ChkFi | eNane
belr TXFi | e, SFl ags ;
| da Fi | eNanme ;
cbeqga #$FF, NoName ;
| dhx #Fi | eName ;
j sr StrlLen ;
cnp #$0C ;
bhs NoNare ;
bset TXFi | e, SFl ags ;
NoNanme
rts ;
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Edi t CR1

Edi t CR2

Edi t CR3

SaveNVCR

| da
clr

jsr
sta
bra

j sr
sta

| da
sta
| da
sta
| da
sta
| dhx
st hx
j sr
| dhx
st hx
ai x
st hx
j sr
j sr
rts

Freescale Semiconductor, Inc.

CR1

CuryY
#3$05, Cur X
| nput Byt e
CR1
SaveNVCR

CR2

#3$01, CurY
#3$05, Cur X
| nput Byt e
CR2
SaveNVCR

CR3
#$02, CurY
#$05, Cur X
| nput Byte
CR3

CR1

Fl ashBuf f er
CR2

Fl ashBuf fer +1
CR3

Fl ashBuf f er +2
#NVRegs

Sour cePtr

Er aseFPage
#NVRegs

Sour cePtr
#$03

Dest Ptr

Pr ogFRange

I ni t Roneo

;Level 1.2 draw routines

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

Source Code

Mother Board Firmware

; Erase paraneter flash page

; Program paraneter flash page
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Menull2l 1
jsr ReadRoneo ;
| da #$05 ;
clrx ;
j sr CGot oXY ;
| da CR1 ;
j sr Pri nt Hex ;
rts ;
Menull2l 2
j sr ReadRoneo ;
| da #$05 ;
| dx #$01 ;
j sr CGot oXY ;
| da CR2 ;
j sr Pri nt Hex ;
rts ;
Menull2l 3
j sr ReadRoneo ;
| da #$05 ;
| dx #$02 ;
j sr CGot oXY ;
| da CR3 ;
j sr Pri nt Hex ;
rts ;
NI L equ $0000
MenulMsg DC. B " RX Menu "
DC. B " TX Menu "
DC. B " Power O f ", $00
MenullaMsg DC. B "Coding type "
DC. B " Fi xed "
DC. B "ESC to exit ", $00
MenullMsg DC. B " Receive "
DC. B " Set MC3359x ", $00
Menul2Msg DC. B " Program Tx "
DC. B "Fil e nane: ", $00
Menull2Msg DC. B " CRl= "
DC. B " CR2= "
DC. B " CR3= ", $00
Band315Msg DC. B " 315MHz ", $00
Band434Msg DC. B " 434/ 868MHz ", $00
Fi xedMsg DC. B " Fi xed ", $00
Rol | Msg DC. B " Rolling ", $00
NoRoneoMsg DC. B "Rx board not "
DC. B "found ! ", $00
NoFi | eMsg DC. B "No File ", $00
NoFi | eMsgl DC. B "No File in "
DC. B "menory ! ", $00
BadPr oghsg DC. B "Progranm ng "
DC. B "firmvare not "
DC. B "valid ! ", $00
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;Menu 1 (main Menu)
Menul DC. W MenulMsg ; Menu t ext
DC. W NI L ;Draw Item 1
DC. W NI L ;Draw Item 2
DC. W NI L ;Draw Item 3
DC. W NI L ;Draw Item 4
DC. W RxMenu ;Do Item 1
DC. W TxMenu ;Do Item 2
DC. W Power Of f ;Do Item 3
DC. W NI L ;Do Item 4
; Menu 1. 1la (Codi ng Menu)
Menulla DC. W MenullaMsg ; Menu text
DC. W NI L ;Draw Item 1
DC. W Menullal 2 ;Draw Item 2
DC. W NI L ;Draw Item 3
DC. W NI L ;Draw Item 4
DC. W NI L ;Do Item 1
DC. W RxMbde ;Do Item 2
DC. W NI L ;Do Item 3
DC. W NI L ;Do Item 4
;Menu 1.1 (RX Menu)
Menull DC. W MenullMsg ; Menu text
DC. W NI L ;Draw Item 1
DC. W NI L ;Draw Item 2
DC. W Menulll 3 ;Draw Item 3
DC. W NI L ;Draw Item 4
DC. W DoRecei ve ;Do Item 1
DC. W RonmeoMenu ;Do Item 2
DC. W BandSel ;Do Item 3
DC. W NI L ;Do Item 4
;Menu 1.1 (TX Menu)
Menul2 DC. W Menul2Msg ; Menu text
DC. W NI L ;Draw Item 1
DC. W NI L ;Draw Item 2
DC. W Menul2l 3 ;Draw Item 3
DC. W NI L ;Draw Item 4
DC. W DoPr ogr am ;Do Item 1
DC. W NI L ;Do Item 2
DC. W NI L ;Do Item 3
DC. W NI L ;Do Item 4
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Menull?2 DC. W Menull2Msg ; Menu text
DC. W Menull2l 1 ;Draw Item 1
DC. W Menull2l 2 ;Draw Item 2
DC. W Menull2l 3 ;Draw Item 3
DC. W NI L ;Draw Item 4
DC. W Edi t CR1 ;Do ltem 1
DC. W Edi t CR2 ;Do Item 2
DC. W Edi t CR3 ;Do Item 3
DC. W NI L ;Do Item 4

Franmel DC. B "Tx I D "
DC. B " Key "
DC. B "CRC ", $00

Frame2 DC. B "--1D - KKRRRR"
DC. B " "
DC. B " ", $00

ENDI F

User CodeEnd

EEE R R I R S R R R R R R R R R I R R I R R R I R I R I R I R I 3 O
)

; HCO08RF2 Fast Progranmm ng Al gorithm

EEE R R I R S R I R R R R R R O R R I I R I I R R O R I R I R I R I I O O
)

Pr ogCode: SECTI ON
ProgSum
DC. W USERSUM2
DC. W Pr ogTxEnd
ProgTx
| FNDEF Test Agent
j sr Cr ;
| dhx #NoPr ogMsg ;
j sr PrintStrl ;
j sr Wai t | nput ;
rts ;
NoPr ogMsg DC. B "Progranm ng "
DC. B "fi mvare not "
DC. B "l oaded ! ", $00
ENDI F
Pr ogTxEnd
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EEE R Rk I R R R I I R R R R R I O R R I O R I R I R I R I R R I R I I O R
)

; Renpte user conmands junp table

)
EEE R R I R S R R R R R R R R R I I R I I IR I R I R I R I R I R I I O O
)

User Cnd: SECTI ON
User CmdSum
DC. W USERSUML
DC. W User CndTabEnd
User CndNum DC. B $03
User CndTab
| FNDEF Test Agent
DC. B "I RR' :
DC. W Cndl RR :
DC. B "RRR' :
DC. W CndRRR :
DC. B "WRR' :
DC. W CndW\RR :
ENDI F
User CndTabEnd
TXCode: SECTI ON
Fi | eNane DC. B $FF :

; Software del |oader Agent rev A0.0

XDEF LAl ni t
XDEF LAl RQPr oc
XDEF LAGet RS232
Loader : SECTI ON
LAl ni t
nov #9%90000001, CONFI GL ;
nov #Port Al ni t, PORTA ;
nov #DDRAI ni t , DDRA ;
nov #Port Bl ni t, PORTB ;
nov #DDRBI ni t , DDRB ;
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nov #Port Cl nit, PORTC ;
nov #DDRCI ni t , DDRC ;
nov #99©0100001, PTCPUE ;
nov #DDRDI ni t , DDRD ;
nov #Port Dl ni t, PORTD ;
nov #99©0110000, PTDPUE ;
; O ear RAM
| dhx #0040 ;
d r RAM
clr , X ;
ai x #$01 ;
cphx #$0240 ;
bne d r RAM ;
nov #9©1000000, SCC1 ;
nov #99©0101100, SCC2 ;
nov #99©0000010, SCBR ;
nov #9©0000110, T1SCR ;
nmov #9%69©00000001, SPSCR ; Set SPI Baud rate
| dhx #$099A ;Init Tinmer2 nodul o register
st hx T2MODH ;
LAVAr St ar t
| dhx #$0240 ;Init Stack pointer
txs ;
;init RS232 vari abl es
clr Buf f er Cnt ;
clr RS232St ;
| dhx #$0400 ;
st hx RS232Tno ;
;init I nput device
clr EncCnt ;
nov #$01, EncSt ep ;
clr M n ;
clr Curltem ;
;init Qutput device
j sr LASet Cont r ast ;
j sr LAl nit 7123 ;
;init VHH
clr VHH ;
j sr LASet VHH ;
j sr LAWAI t 200ns ;
| dhx #DevNane ; Startup screen
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jsr
jsr
jsr
| dhx
jsr
jsr
jsr
| dhx
jsr

Freescale Semiconductor, Inc.

LAPrintStri
LAWAI t 1s
LACI r

#Agent Msg
LAPrintStri
LAWAI t 1s
LACI r
#Sumvsg
LAPrintStri

; Test User Conmand Tabl e

LABadUser Cnd

; Test Programm

LATest PG

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

nov
| da
sta
| da
sta
| dhx
j sr
cnp
bne
cpx
bne
| da
bset
bra

bclr
| da

#$02, CurY
User CnmdSunt+2
TrpPtr

User CndSunmt+3
TrpPtr+1
#User CndTab
LACal cUser Sum
User CndSumt+1
LABadUser Cnd
User CnmdSum
LABadUser Cnd
&

User C, SFl ags
LATest PG

User C, SFl ags
# x’

ng al gorithm code

j sr
nov
| da
sta
| da
sta
| dhx
j sr
cnp
bne
cpx
bne
| da
bset
bra

LAPri nt Char 1
#$01, CurY
ProgSumt2
TrpPtr
ProgSumt+3
TrpPtr+1
#ProgTx

LACal cUser Sum
ProgSumt+1
LABadPr og
ProgSum
LABadPr og
R

User P, SFI ags
LATest UC

Source Code
Mother Board Firmware

; BLI C Agent screen

; BLI C Agent screen
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LABadPr og
bel r User P, SFl ags ;
| da # X’ ;

; Test User Code

LATest UC
jsr LAPri nt Char 1 ;
clr CuryY ;
| da User CodeSumt2 ;
sta TrpPtr ;
| da User CodeSumt3 ;
sta TrpPtr+1 ;
| dhx #User Prog ;
j sr LACal cUser Sum ;
cnp User CodeSumt1 ;
bne LABadUser Code ;
cpx User CodeSum ;
bne LABadUser Code ;
j sr LAWAI t 1s ;
jmp User Pr og ;
LABadUser Code
| da # x’ ;
j sr LAPri nt Char 1 ;
j sr LAWAI t 1s ;
LAUpdat euML
jsr LAEr aseUM ;
LAUpdat euwe
j sr LAC r ;
I dhx #Fi r mMUpdMsg ;
j sr LAPrintStrl ;
jsr LAWAI t 1s ;
cli ;
bra $ ; Wit RS232 conmands

; Cal cul ate user checksumand print it
;On entry

; H, X=Start address

; TenmpPt r =EndAddr ess

;On exit

i X, A=Checksum

LACal cUser Sum

clra ;

psha ;

psha ;
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LANext CodeSum

| da , X ;
add 2, SP ;
sta 2, SP ;
clra ;
adc 1, SP ;
sta 1, SP ;
ai x #3%$01 ;
cphx TnpPtr ;
bne LANext CodeSum ;
| da #3$06 ;
| dx CuryY ;
jsr LAGot oXY ;
| dx 1, SP ;
| da 2, SP ;
jsr LAPri nt Short ;
| da #
j sr LAPri nt Char 1 ;
pul x ;
pul a ;
rts :

; Software reset

LASof t Reset
| da $FFFE :
psha ;
pul h ;
| dx $FFFF :
jm , X ;

; Power O f

LAPower O f
brclr KEY, PORTC, * ;Wait until button rel eased
belr HOLD, PORTC ; Power O f
bra $ ;

; Delay of 1ns
; This delay is indipendent from PPL because Ti ner2 nodul o
;is recal culated each tinme PLL i s changed
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LAD y1ns

nov #99©0110000, T2SCR; St op and reset Timer2
belr 7, T2SCR ;Clear TOF
bclr 5, T2SCR ;Start Timer2
brclr 7, T2SCR, * ;VWait overfl ow
bset 5, T2SCR ; Stop Tiner2

rts )

; Delay of N ns

; HX=N

LAD yNns
j sr LAD y1ns ; Delay of 1ns
ai x #SFF ;
cphx #$0000 ;
bne LAD yNns ;
rts ;

; Del ay of 20ns

LAWAI t 20ns
pshx ;
pshh ;
| dhx #$14 ;
bsr LAD yNns ;
pul h ;
pul x ;

rts ;

; Del ay of 200ns

LAWAi t 2008
pshx ;
pshh ;
| dhx #$C8 ;
bsr LAD yNns ;
pul h ;
pul x ;
rts ;
; Del ay of 1s
LAWAI t 1s
pshx ;
pshh ;
| dhx #$3E8 ;
bsr LAD yNns ;
pul h ;
pul x ;
rts ;
; Del ay of b5us
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LAWAI t 5uS ; 15+4* Dl y5us i ncl udi ng JSR
pshx ;[2] Save X
I dx #Dl y5us [ 2]
dbnzx $ ; [4*Dly5us]
pul x ;[2] Restore X
rts [ 4]
CEE ko kO I I I S S S I kR S O b b S I R S I S kR R Ik I
; MAX533 DAC Device Driver
; MAX533 paraneters
; X=DAC Control Byte O0000AACC
; AA=DAC Nunber, CC=01=Load | np. Regi ster DAC AA
; AA=DAC Nunber, CC=11=Load | np. Regi ster DAC AA and Load all DACs
; AA=01, CC=00 Load all DACs
; A=DAC val ue
; Qut 0=Contrast control
; Qut1=VvMCU control voltage
; Qut2=VHH control voltage
; Qut 3=Not used
Z~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k*~k~k~k~k
; MAX533 Control Register Val ues
; MAX533
DACLCD equ 990000111
DACVHH equ 990000011
LASet Cont r ast
| da Contr ast ;
| dx #DACLCD ; Get Control Register Value
bra LAW i t eDAC ;
LASet VHH
| da VHH ;
| dx #DACVHH ;
LAW i t eDAC
belr NDAC, PORTC ; CS Low for programing
nov #9%9©0100000, SPCR ;lnit SPlI as Master
bset SPE, SPCR ; Enabl e SPI
st x SPDR ; Send to SPI
brclr SPRF, SPSCR, * ; Wit end of franme
I dx SPDR ;
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br set SPRF, SPSCR, * :Wait SPRF Low
sta SPDR ; Send second byte
brclr SPRF, SPSCR, * ;Wait end of frane
| dx SPDR ;
br set SPRF, SPSCR, * :Wait SPRF Low
bset NDAC, PORTC iRise CS to execute instruction

bclr SPE, SPCR ; Di sabl e SPI
rts ;

EEE R Rk R S R I R R R R R I R R I I R I I R R R R I R I R I R I I O O

;. EA7123 LCD Device Driver

; Times to be rispected:

; 1) t(BuF)>4.7us Bus Free Tine (SDA=H SCL=H)

; 2) t(HdSta)> 4us Start Hold Tine (SDA=L minimumtinme with SCL=H)

; 3) t(Low)>4.7us SCL Low Tine

; 4) t(High)>4us SCL Hi gh Tine

; B) t(SuSto)> 4us Stop Setup Tine (SCL=H minimumtime before SDA rise)

EEE R R I R S I R I R R R R R I R R I I R I R I R O R I R I R I R R I I O O
)

EEAddr equ 940100000 ; 24C00 | 2C Bus Address
EA7123Addr equ 991110100 ; EA7123 |1 2C Bus Address
| 2CRWVE k equ 290000001 ;12C Bus R/ W nask
EA7123WReg equ 290000000 ;Wite EA7123 Redgi ster
EA7123RBusy equ %9©0100000 ; Read EA7123 Busy Fl ag
EA7123WDat a equ 291000000 i Wite EA7123 Data
EA7123RDat a equ 991100000 ; Read EA7123 Dat a
EA7123C r equ 290000001 ; Read EA7123 C ear Display
EA7123Home equ 290000010 ; Read EA7123 Go Hone
EA7123Mbde equ 290000100 ; Read EA7123 Mbde Set
EA7123CF f equ 290001000 ; Read EA7123 Display Of
EA7123CursOff  equ 990001100 ; Read EA7123 Di splay On Cusror O f
EA7123CursOn equ 990001110 ; Read EA7123 Display On Cusror On Blink Of
EA7123Bl i nkOn equ %90001111 ; Read EA7123 Display On Cusror On Blink On
EA7123Cur shbve equ 290010100 ; Read EA7123 Cursor Move Ri ght
EA7123I ni t equ 990101110 ; Read EA7123 Init Display Functions
12Char x4Row, VI cd=V0- 0. 8

EA7123CAddr equ 291000000 ; Read EA7123 CGRAM Addr
EA7123DAddr equ 940000000 ; Read EA7123 DDARM Addr
LASendCtr| Byt e

bclr SDA, PORTD  ; SDA H>L
LASendByt e

| dx #$08 ;
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LANext Bi t

Ti me

LASDALow

LARi seSCL

LAEXi t Byt e

LARead7123

LANext Read

LANext Bi t I n

LASDALow n

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

jsr

belr
bset
Isla
bcc
bset
bra

bclr

jsr
bset
dbnzx
jsr
belr
belr
brn

j sr
bset
brclr
| da

| da
j sr
cbega

| dx

j sr
belr
belr
j sr
bset
clc
brclr
sec

rola
dbnzx
j sr
belr
bset
belr
j sr
bset
rts

Freescale Semiconductor, Inc.
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LAWAI t 5uS ; Meet Start Hold Tinme and SCL Hi gh
SCL, PORTD ; Change SDA with SCL Low
SDA, DDRD ; SDA in Qutput
;Copy Bit 7 in Carry
LASDALow ; Copy Carry in SDA
SDA, PORTD ;
LARi seSCL ;
SDA, PORTD ;
LAWAI t 5uS ; Meet SCL Low Ti ne
SCL, PORTD ; Rl se SCL
LANext Bi t ;
LAWAI t 5uS ; Meet SCL Hi gh Tine
SCL, PORTD ; Controlla Ack
SDA, DDRD ; SDA in | nput
$ ;
LAWAI t 5uS ; Meet SCL Low Ti ne
SCL, PORTD ;
SDA, PORTD, LAEXxi t Byt e ; Se Ack A=0
#3%$01 ; Se Nack A=1

#( EA7123Addr +1 2CRWWsk) ; Read EA7123
LASendCtr| Byt e ;
#$01, LASt opBi t ;

#$08

LAWAI t 5uS
SCL, PORTD
SDA, DDRD

LAWAI t 5uS
SCL, PORTD

;X as bit counter
; Meet SCL High Tine

; SDA in | nput
; Meet SCL Low Tinme

SDA, PORTD, LASDALowW n ;

LANext Bi t I n

LAWAI t 5uS
SCL, PORTD
SDA, DDRD

SDA, PORTD
LAWAi t 5uS
SCL, PORTD

; Meet SCL High Tine
; Ack out

; SDA in Qutput

; Meet SCL Low Tine
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| dx #$08 ;X as bit counter
LANext Bi t 1 nl1
jsr LAWAI t 5uS ; Meet SCL High Tine
bel r SCL, PORTD ;
bel r SDA, DDRD ; SDA in | nput
j sr LAWAI t 5uS ; Meet SCL Low Tine
bset SCL, PORTD ;
clc ;
brclr SDA, PORTD, LASDALow n1 ;
sec ;
LASDALow n1
rola ;
dbnzx LANextBitlnl ;
j sr LAWAI t 5uS ; Meet SCL High Tine
bel r SCL, PORTD ; Nack out
bset SDA, DDRD ; SDA in Qutput
bset SDA, PORTD ;
jsr LAWAI t 5uS ; Meet SCL Low Tine
bset SCL, PORTD ;
rts ;
LAPut Char 7123
psha ; Save Regi ster val ue
| da #EA7123Addr ;Send StartBit and Address
j sr LASendCtr| Byt e ;
cbeqga #3$01, LAError 7123 ;1f not Ack exit with error
| da #EA7123WDat a ; Send WiteData Control Register
bra LASendReg ;
LAW i teReg7123
psha ; Save Regi ster val ue
| da #EA7123Addr ;Send StartBit and Address
j sr LASendCtr| Byt e ;
cbeqga #3$01, LAError 7123 ;1 f not Ack exit with error
| da #EA7123WReg ; Send WiteRegister Control Register
LASendReg
j sr LASendByt e ;
cbeqga #3$01, LAError 7123 ;1 f not Ack exit with error
pul a ; Recover Regi ster val ue
j sr LASendByt e ;Put it on the bus
pshx ; Dummy push
LAError 7123
pul x ;Pull out stacked val ue
LASt opBi t
belr SCL, PORTD ; Change SDA with SCL Low
bel r SDA, PORTD ;
bset SDA, DDRD ; SDA in Qut put
bset SCL, PORTD ; SDA in Qut put
j sr LAWAI t 5uS ; Meet Stop Hold Tine
bset SDA, PORTD ;
jsr LAWAI t 5uS ; Meet Bus Free Tine
rts ;
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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LAWAI t Busy7123

valid
LABusy7123

busy)

LAHone

LAl nit 7123

LACI r

LAENndI ni t

LACur sOn

LACur sOf f

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

| da
jsr
cbega
| da
jsr
cbega
bsr
jsr

jsr
bmi

bsr
bra

clr
clr
| da
bra

| da
bsr
cbega
| da
bsr

clr
clr
| da
bsr
cbega
bsr
| da
bra

| da
jmp

| da
jmp

Freescale Semiconductor, Inc.

#EA7123Addr
LASendCtr| Byt e
#$01, LASt opBi t
#EA7123RBusy
LASendByt e
#$01, LASt opBi t
LASt opBi t
LARead7123

LANext Read
LABusy7123

LALast Read
LASt opBi t

Cur X

CurY
#EA7123Hone
LAW i teReg7123

#EA7123l ni t
LAW i teReg7123
#3%$01, LAENdI ni t
#EA7123Cur sMove
LAW i teReg7123

Cur X

CurY

#EA7123C r
LAW i teReg7123
#%$01, LAENdI ni t
LAWAI t Busy7123
#EA7123Cur sOr f
LAW i teReg7123

#EA7123Cur sOn
LAW i teReg7123

#EA7123Cur sOf f
LAW i teReg7123

Source Code
Mother Board Firmware

;Send StartBit and Address
;1f not Ack exit with error
; Send ReadBusyFl ag Contr ol

;1f not Ack exit with error
; Send St opBit

; Read BusyFl ag,first read is not

Regi ster

; Read BusyFl ag
;Busy Flag is in Bit7 (Bit7=1 LCD

; Last Read wit hout aknow edge
; Send St opBit

1 f not Ack exit with error

DRMO005
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LABI i nkOn
| da #EA7123Bl i nkOn ;
jmp LAW i teReg7123 ;
LAGot oXY
sta Cur X ; Save X coordinate
St x CurY ;
psha ;
t xa ;
and #9%9©0000011 ;Y coordinate nmodul o 4
Isla ;
nsa ;
t ax ;
pul a ; Restore X coordinate
pshx ; Save Y coordinate
| dhx #$000E ;
div ;
pshh ; H= X coordi nate modul o Ox0E
pul a ; Move in A
add 1, SP ; Add Y coordi nate
pul x ; Take it out of the stack
add #EA7123DAddr ; Add register mask
jmp LAW i teReg7123 ; Set Cursor Address
LAPrint Str
pshx ; Load pointer
pul h ;
t ax ;
LAPrintStrl
| da , X ;
beq LAENndSt ri ng ;
ora #$80 ;
ai x #1 ;
pshh ; Save pointer
pshx ;
bsr LAPri nt Char ;
pul x ; Restore pointer
pul h ;
bra LAPrintStrl ;
LAEndStri ng
rts ;
LAPri nt Char 1
ora #$80 ;
LAPri nt Char
j sr LAPut Char 7123 ;Print char
i nc Cur X ;lncrement cursor position
| da Cur X ; Check if new line
clrh ;
| dx #$0C ;
di v ;
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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pshh ;
pul x ;
St x Cur X ;
cbeqga #$00, LAEndPr i nt Char ;
add CuryY ; New | i ne
clrh ;
| dx #$3 ;
div ;
pshh ;
pul x ;
St x CurY ;
| da Cur X ;
bsr LAGot oXY ;
LAEndPri nt Char
rts ;
LAPri nt Dec
| dx #$0A ;
clrh ;
div ;
pshh ;
clrh ;
div ;
pshh ;
tsta ;
bne LADI git3 ;
| da # ;
j sr LAPri nt Char 1 ;
pul a ;
tsta ;
bne LADigit2 ;
| da # ;
j sr LAPri nt Char 1 ;
bra LADigitl ;
LADigit3
add #3$30 ;
j sr LAPri nt Char 1 ;
pul a ;
LADigit2
add #$30 ;
j sr LAPri nt Char 1 ;
LADi gitl
pul a ;
add #3$30 ;
j sr LAPri nt Char 1 ;
rts ;
LAPri nt Hex
psha ;
pshx ;
bra LAPri nt LowByt e ;
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LAPri nt Short

psha ; Save Low byte
pshx ; Save High byte
t xa ;
nsa ;
and #$0F ;
jsr LAPri nt Ni bbl e ;
| da 1, SP ;
and #$0F ;
jsr LAPri nt Ni bbl e ;
LAPri nt LowByt e
| da 2, SP ;
nsa ;
and #$0F ;
j sr LAPri nt Ni bbl e ;
| da 2, SP ;
and #$0F ;
j sr LAPri nt Ni bbl e ;
pul x ;
pul a ;
rts ;
LAPri nt Ni bbl e
add #$B0 ;
cnp #$B9 ; Convert to ascii
bl s LANoAI f a ;
add #$07 ;
LANoAI f a
j sr LAPr i nt Char ;
rts ;
LAGet Char 7123
| da #EA7123Addr ;Send StartBit and Address
j sr LASendCtr| Byt e ;
cbega #$01, LAStopBit 1 ;1f not Ack exit with error
| da #EA7123RDat a ; Send ReadBusyFl ag Control Register
j sr LASendByt e ;
cbega #$01, LAStopBit 1 ;1f not Ack exit with error
jsr LASt opBi t ; Send St opBit
j sr LARead7123 ; Read Dat a
rts ;
LASt opBi t 1
jmp LASt opBi t ;
LAl nput Hex
psha ; Space for |ocal var
psha ;
| da M n ;
psha ; Save M n
| da Max ;
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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LAl nput HexLoop

LAChar 39

LAI npHexOK

LANoNew np

bhi
| da
cnp
bhi
| da
sta
bra
| da
sta

| da
cbeq
| da
bel r
sta
j sr
j sr

bel r
j sr
cbega
j sr
cbega
j sr
sta
j sr

Freescale Semiconductor, Inc.

EncCnt
EncSt ep

#$30, M n
#$46, Max

#$FF, EncSt ep
LAGet Char 7123

6, SP

5, SP

EncCnt
LASanmePoi nt

LAWAI t Not Key OK

LAWAI t Not Push

LASanePoi nt

1, I NTSCR
EncCnt
#3$3A

LAI npHexOK
#3$40

LAI npHexOK
5, SP
EncCnt
LAChar 39
#$41

EncCnt

LAI npHexOK
#$39

EncCnt

5, SP

EncCnt, LANoNew np

EncCnt
1, | NTSCR
5, SP

LAPut Char 7123

LASanePoi nt

1, I NTSCR
LAPushOK

#%$01, LAEnd|l npHex

LAKey OK

#3$00, LAl nput HexLoop

LAGet Char 7123

6, SP
LASanePoi nt

Save Max

Save EncCnt

; Save EncStep

Save Char
Set Last Char

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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LAENndI npHex
pul a ;
sta EncSt ep ;
pul a ;
sta EncCnt ;
pul a ;
sta Max ;
pul a ;
sta M n ;
pul a ;
| da 1, SP ;
j sr LAPut Char 7123 ;
j sr LASanePoi nt ;
pul a ;
sub #$30 ;
cnp #$0A ;
bl o LAEXi t | npHex ;
sub #$07 ;

LAEXi t | npHex
rts ;

LASanePoi nt
| da Cur X ;
I dx CurY ;
j sr LAGot oXY ;
rts ;

EEE R R I R S I I R R R R R I R R I I R I R I R I R I I I R I R I O R

; Menu manager

CEE Ik ko I I I kR I I S O kb b S S Rk R R S S I kR I O kb S S I O
Arrow equ $2E ; Menu sel ection char

; Redraw current nenu

;On entry

; CurMenuPtr Ponter to menu tenplate

; A=Current item

;On exit
; No paraneter

LAMeNnuRedr aw

psha ; Save Curltem

| da #$04 ;Init counter

psha ;

j sr LAC r ; Cl ear screen

| dhx Cur MenuPt r ; Get text pointer into HX

| da , X ;
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LAMenuDr awLoop

LADrawi t em

LANext I t enDr aw

psha
| da
psha
pul x
pul h
jsr
| dhx
ai x

pshx
pshh
| da

bne
| da
beq

| da
psha
| dx
pul h
| da
j sr

pul h
pul x
ai x
dbnz
clra
I dx
j sr
| da
j sr
pul a
pul a
rts

Freescale Semiconductor, Inc.

1, X

LAPrintStrl
Cur MenuPtr
#3502

, X

LADrawi t em
1, X
LANext I t enDr aw

, X
1, X

4, SP
, X

#$02
1, SP, LAMenuDr awlLoop

EncCnt

LAGot oXY
#Ar r ow
LAPri nt Char

: Menu Rotine handl es nenu N

;On entry

; CurMenuPtr Ponter to menu tenplate
; A=Current item

;o Heltem Max

; X=ltemnin
;On exit

; No paraneter

Source Code

Mother Board Firmware

;Print nmenu nmask

;Get Curltem

;Print arrow at current

; Free stack

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

;Use Drawitemroutine if pointer not
nul |

item
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LAMeNuU
psha ; Save Curltem
pshx ; Save M n
pshh ; Save Max
sei ;
j sr LAPushEncoder ; Push Encoder status
LAl ni t Menu
sei ;
| da 6, SP ;
sta M n ;
| da 5, SP ;
sta Max ;
nov #$01, EncSt ep ;
| da $0A, SP ;
sta Cur MenuPt r ;
| da $0B, SP ;
sta Cur MenuPtr +1 ;
| da 7, SP ;
sta EncCnt ;
bsr LAMenuRedr aw ;Draw nenu (A=Curltem
cli ;
j sr LAWAI t Not Key OK ;
j sr LAWAI t Not Push ;
LASel ect Loop
j sr LAKey OK ;
cbeqga #3$01, LASel ect ed ;1 f select do itemaction
j sr LAPushOK ;
cbeqga #3$01, LAEscaped ; El se exit nenu
j sr LAD y1ns ;
| dhx RS232Tno ;
cphx #$0000 :
bne LANoThD ;
clr RS232St ;
clr Buf f er Cnt ;
| dhx #$0401 ;
LANoThD
ai x #SFF :
st hx RS232Tno ;
| da 7, SP ;
cbeq EncCnt, LASel ect Loop ;
t ax ;1 f arrow position changes
clra ;
j sr LAGot oXY ;
| da # ;
j sr LAPri nt Char 1 ;Clear the old one
| da EncCnt ;
sta 7, SP ;
clra ;
| dx 7, SP ;
j sr LAGot oXY ;
| da #Ar r ow ;
j sr LAPr i nt Char ; And draw t he new one
bra LASel ect Loop ;
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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LASel ect ed

LADol t em

LADoNot It em

LAEscaped

; Input Device Driver

| da
asl a
add
add
t ax
clra
adc
psha
pul h
| da
bne
| da
beq

| da
psha
I dx
pul h
j sr
jnp
j sr
pul a
ais
rts

Freescale Semiconductor, Inc.

7, SP
#$0A
Cur MenuPtr +1

Cur MenuPtr

, X

LADol t em

1, X

LADoNot I tem

, X

1, X

, X

LAl ni t Menu
LAPul | Encoder

#$02

; Get

Item DoProcPtr

; Resore ol d Encoder

st at us

Source Code
Mother Board Firmware

IR R I R S I Rk S I R R I R R R R R R I R I R I I R I R I R I R

EEE R R I R S R R R R R R I R R I R I I R I R I R R I R I R I R I I O O
)

;lnput 2 Digit hex val ue

;On entry
;A=Start val ue
;On exit

; A=Sel ect ed val ue

LAl nput Byt e

psha
| da
I dx
j sr
| da
j sr
sei

Cur X

CurY

LAGot oXY
1, SP

LAPri nt Hex

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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jsr LAPushEncoder ; Save Encoder status
clr M n ;
nov #$FF, Max ;
| da 5, SP ;
sta EncCnt ;
psha ;
| da #$01 ;
sta EncSt ep ;
cli ;
j sr LAWAI t Not Key OK ;
j sr LABI i nkOn ;

LASaneHex
j sr LAKey OK ;
cbeqga #$01, LASel Hex ;
| da EncCnt ;
cbeq 1, SP, LASameHex ;
sta 1, SP ;
I dx CuryY ;
| da Cur X ;
deca ;
deca ;
jsr LAGot oXY ;
| da 1, SP ;
jsr LAPr i nt Hex ;
bra LASaneHex ;
LASel Hex
sei ;
| da EncCnt ;
sta 6, SP ;
pul a ;
j sr LAPul | Encoder ;
j sr LACur s f ;
j sr LAWAI t Not Key OK ;
pul a ;

rts ;

;Wait Input wait for Select or Escape

;On exit
; Carry=1 Sel ect, Carry=0 Escape

LAWAI t | nput
j sr LAWAI t Not Key OK ;
j LAWAI t Not Push ;
Wai tlnputl
j sr LAKey OK ;
sec ;
cheqga #$01, Wi t | nput End :
j sr LAPushOK ;
cheqga #$00, Wai t | nput 1 :
clc ;
DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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Wai t | nput End

LAKey OK
clra
br set
| da
dbnza
br set
i nca

Exi t OK

LAWAI t KeyOK
clrx
KeyDown
bsr
cbega
dbnzx
rts

LAWAI t Not Key OK
clrx
KeyDownl
bsr
cbega
dbnzx
rts

LAWAi t Not Push
clrx
PushDown
bsr
cbega
dbnzx
rts
LAWAI t Push
clrx
PushDown1l
bsr
cbega
dbnzx
rts

LAPushOK
clra
br set
| da
dbnza
br set
i nca

Exi t Push

Freescale Semiconductor, Inc.

KEY, PORTC, Exi t OK
#Dl y100us

$

KEY, PORTC, Exi t OK

LAKey OK
#$00, LAWAI t KeyOK
KeyDown

LAKey OK
#$01, LAWAI t Not KeyOK
KeyDown1l

LAPushOK
#%$01, LAWAI t Not Push
PushDown

LAPushOK
#$00, LAWAI t Push
PushDown1l

PUSHBUT, PORTD, Exi t Push
#Dl y100us

$
PUSHBUT, PORTD, Exi t Push

Source Code

Mother Board Firmware

I f Key not pressed return FALSE

El se wait 100us
If noise return FALSE
El se return TRUE

I f Key not pressed return FALSE

El se wait 100us

;1 f noise return FALSE
i Else return TRUE

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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;Save current Encoder status into the stack

;On Entry
; No paraneter
;On Exit
; No paraneter

LAPushEncoder

pul h
pul x
| da
psha
| da
psha
| da
psha
| da
psha

jmp

;: Restore Encoder st

;On Entry
; No paraneter
;On Exit
; No paraneter
; Stack status

LAPul | Encoder

DRMO005

SP-1
SP-3
SP-4
SP-5
SP- 6

pul h
pul x
sei

pul a
sta
pul a
sta
pul a
sta
pul a
sta
cli

jmp

M n ; Save Encoder Status
Max

EncCnt
EncSt ep ;

, X ;

atus fromthe stack

, SP- 2=Ret urn address
=EncSt ep

=EncCnt

=Max

=M n

; Disabl e interrupt during
; Encoder status restore
EncSt ep ;

EncCnt
Max
M n

; Enabl e interrupt
JX ;

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2
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; | RQ Handl i ng procedures

LAl RQPr oc
psha ; Save A
pshx ; Save X
I dx #Dl y100us ; VWit 100uS for anti-debounci ng
EncDl y
dbnzx EncDl y ;
bi h Endl RQ ;1f ITRQL=1 the interrupt isn't
correct
| da EncCnt ; EncCnt val ue | oaded in Accumnul at or
t ax ;
brclr ENCB, PORTD, EncUp ;1f EncB=1 then increase
sub EncSt ep ; X herwi se decrase
sta EncCnt ;
| da EncSt ep ;
bpl ChkEncM n ;
ChkEncMax
Ccpx EncCnt ;
bhi Set ToMax ;
| da EncCnt ;
cnp Max ;1f less than Max is OK
bl s Endl RQ ;
Set ToMax
| da Max ;
sta EncCnt ;
bra Endl RQ ;
EncUp
| da EncSt ep ;
add EncCnt ;I ncrease EncCnt
sta EncCnt ;
| da EncSt ep ;
bpl ChkEnc Max ;
ChkEncM n
cpx EncCnt ;
bl o Set ToM n ;
| da EncCnt ;
cnp M n ;
bhs Endl RQ ;1 f bigger than Mn is K
Set ToM n
| da M n ;
sta EncCnt ;
Endl RQ
bset 2, | NTSCR ; Del ete wong | RQ
pul x ; Rel oad X
pul a ; Rel oad A
rti ;
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EEE R Rk I R R R I I R R R R R I O R R I O R I R I R I R I R R I R I I O R
)

EEE R R I R S R R R R R R R R R I I R I I IR I R I R I R I R I R I I O O
)

LAGet RS232
pshh ; Save H
| dhx #$0400 ;
st hx RS232Tno ;
clrh ;
t st SCs1 ; Read Received byte and clear flag
| da SCDR ;
brclr EscRec, RS232St, LAChkEsc ; Check if $1B al ready received
bra LAEscCk ;
LAChkEsc
cnp #$1B ;1 f char is Esc=$1B init buffer
bne LA232NoCode ;1 not skip
bset EscRec, RS232St ; Set flag
clr Buf f er Cnt ;
bra LA232NoCode ;
LAEscCk
I dx Buf f er Cnt ;
sta RxBuf fer, X ;
cbeqx #$00, LAl ni t Pack ;1f first byte clear CRC
cpx RxBuf f er ;
beq LAChkPack ;1f last byte validate Packet
bra LANext 232 ; El se store into Rx buffer
LAl ni t Pack
clr CRC232 ;
cnp #LOW Buf f er Si ze) ;1 f packet too big exit with error
bhs LABadPack ;
cnp #3%$04 ;1 f packet too small exit with error
bl o LABadPack ;
LANext 232
add CRC232 ;
sta CRC232 ;
i nc Buf f er Cnt ;
bra LA232NoCode ;
LAChkPack
coma ;
cbeq CRC232, LADecode ;1f CRC ok decode comand
LABadPack
| da # N ;Exit with bad packet nessage
clr RS232St ;
clr Buf f er Cnt ;
jsr LAPut RS232 ;
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LA232NoCode
pul h
rei

Freescale Semiconductor, Inc.

; Decode Conmand

LADecode
belr
| dhx
| da
bsr
cphx
beq
jsr
bra

LASr cUser Cnd
brclr
| dhx
| da
bsr
cphx
beq
j sr
bra

EscRec, RS232St
#CndTab
CrdNum

LASr cCnd
#3$0000

LASr cUser Cnd

, X
LA232NoCode

User C, SFl ags, LABadPack
#User CndTab

User CmdNum

LASr cCnd

#3$0000

LABadPack

, X

LA232NoCode

; Search a command in the table pointed by HX

;On entry
; HX=Tabl ePtr

; A=Num Commands in the table
;. Rxbuf f er +1- >RxBuf f er +3 Conmand

;On exit

;. HX=Conmand Routi ne Poi nter

LASr cCnd
psha
pshx
pshh
clra
psha
psha
Next Cnd
clr
Next CndChar
| da
add
t ax
| da
adc
psha

Source Code
Mother Board Firmware

:Search command in Bios table

If not found

; Search User conmmand
; El se execute it

:Search command in Bios table

If not found

s Error
; El se execute it

Save nunber of commands

; Save Tabl e addr

;I nit conmand counter
; Space for char counter

;Init char counter
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pul h ;
| da , X ; Get Cmd char
clrh ;
| dx 1, SP ;
i nc 1, SP ;
cbeqx #$03, CndFound ;1f 4th char Crd found
cnp RxBuf f er +1, X ;
beq Next CndChar ; Loop for oll Cmd char
i nc 2, SP ;1f not equal next Cnd
| da 2, SP ;
cnp 5, SP ;
bhs CndTabl eEnd ;Untill last Cnd
| da #$05 ; Next Cnd
add 4, SP ;
sta 4, SP ;
clra ;
adc 3, SP ;
sta 3, SP ;
bra Next Cnd ;

CndFound
| da 4, SP ;
t ax ;
| da 3, SP ;
psha ;
pul h ;
| da 3, X ;
psha ;
I dx 4, X ;
pul h ;
ais #$05 ;
rts ;

CndTabl eEnd
| dhx #$0000 ;
ais #$05 ;

rts ;

LAPut RS232
brclr 7, SCs1, * ;
sta SCDR ;
rts ;

LASendDec
| dx #30A ;
clrh ;
div ;
pshh ;
clrh ;
div ;
pshh ;
add #3$30 ;
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2 |

bsr
pul a
add
bsr
pul a
add
bsr
rts

LASendStr 1
| da
beq
ai x
pshh
pshx
bsr
pul x
pul h
bra

LAEndSt ri ngl

Freescale Semiconductor, Inc.

LAPut RS232

#$30
LAPut RS232

#$30
LAPut RS232

, X
LAEndSt ri ngl
#$01

LAPut RS232

LASendStr 1

;Get the length of a string

;On entry
; HX=String pointer
;On exit

; A=Len (max 254 char) A=FF length error

; HX=String end pointer

Source Code
Mother Board Firmware

Save pointer

Rest ore pointer

LASt rLen
pshx ; Save string pointer
pshh ;
clra
LANext StrLen
t st , X ;
beq LASt r LenEnd ;
ai x #$01 ;
i nca ;
cbeqga #$FF, LASt r LenEnd ;
bra LANext StrLen ;
LASt r LenEnd
pul h ;
pul x ;
rts ;
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EEE R Rk I R R R I I R R R R R I O R R I O R I R I R I R I R R I R I I O R

;. Renpt e commmnds

EEE R R I R S R R R R R R R R R I I R I I IR I R I R I R I R I R I I O O
)

EEE R kI R I R R I I I R R I I I I
)

; Progranmer Identify Conmand

; Buffer status;

; 00 PackLen (Packet Length 04)
; 01-03 "PI D
; 04 Packet Checksum ($1E)

EEE R I S kR R R I R R I I R I I
)

CdPI D
| dhx #PI DSt r ;
Pl D1
j sr LASendStr 1 ;
rts ;

EEE R kR R R R O R R I I I R I I
)

; Erase User Menory Conmand

; Buffer status;

; 00 PackLen (Packet Length 04)
; 01-03 " EUM'
; 04 Packet Checksum ($14)

R IR R R R I S I R I I O R R O I O

CmdEUM

j sr LAC r ;

| dhx #Er aseFi r mvsg ;

j sr LAPrintStrl ;

j sr LAEr aseUM ;

jmp LACNdOK ;
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v hkkkkhkhkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhk ki hkhkhkhkhkhkKhk
; Erase Programm ng Code Menory Comand
; Buffer status;
; 00 PackLen (Packet Length 04)
; 01-03 " EPG'
; 04 Packet Checksum ($1F)
rkkkkkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkhkhkhkhkAhkhkhkhkkhkhkkhkhkhkhkhkkhkhkkhKhk
CmdEPG

jsr LAEr asePG

bel r User P, SFl ags

jmp LACNIOK
rkkkkkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkkhkhkhkkhkhkkhkhkkhkhkhkhkhkAhkhkkhkhkkhkhkkhkhkkhkhkhkkhkhkhkKhk
; Erase TX Menory Command
; Buffer status;
; 00 PackLen (Packet Length 04)
; 01-03 "ETX"
; 04 Packet Checksum ($0A)
rkkkkhkhkhkhkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkkhkhkkhkhk ki hkhkhkAhkhkhkhkkhkhkkhkhkkhkhkhkkhkhkkhkKh*k
CndETX

j sr LAEr aseTX

jmp LACNIOK
rkkkkhkhkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkkhkkhkhkkhkhkkhkhk ki hkhkhkhkhkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhKh*k
; Load TX Menory Conmand
; Buffer status;
; 00 PackLen (Packet Length 04)
; 01-03 "LTX"
; 04 Packet Checksum ($03)
rkkkkkhkhkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkkhkhkkhkhkkhkhkkhkhkhkkhkhkAhkhkhkhkkhkhkkhkhkkhkhkkhkkhkkkhkk*k
CndLTX

jsr LAUpdat eTX

jmp LACNdOK
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EEE R kI R I O R R R I R I R I I I R I I
)

; Load Program Code Menory Comand

; Buffer status;

; 00 PackLen (Packet Length 04)
; 01-03  "LPG'
; 04 Packet Checksum ($18)

EEE R kI R R R R I I R S I I I I I
)

CndLPG
jsr LAUpdat ePG ;
LACmd OK
| da #Y ;
clr RS232St ;
clr Buf f er Cnt ;
j sr LAPut RS232 ;
rts :

R IR I Rk R I S I I R O O I R R I O O

; Update User Code Comand

; Buffer status;

; 00 PackLen (Packet Length 04)
; 01-03 " uuC"
; 04 Packet Checksum ( $0E)

BRI kI R I I R R R O R R I O I R I I
)

CndUUC
j sr LAC r ;
| dhx #LoadFi r mvsg ;
j sr LAPrintStrl ;
jsr LAUpdat eUM ;
bcc Cnd UUC3 ;
j sr LAC r ;
| dhx #Err Fi r mvVsg ;
j sr LAPrintStrl ;
jsr LAWAI t | nput ;
jmp LASof t Reset ;
Cnd UUC3
| da SCDR ;
jmp LASof t Reset ;
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EEE R Rk I R R I R R I R I I R R I R I R O R I O
)

; Flash programm ng routine

)
EEE R 2 Ik O I R R I R O R I I I R R R R I R R I R
)

; Sour cePt r =addr ess of page (128bytes) to be erased

LAEr asePage

| dhx SourcePtr ;
| da #9%9©0000010 ;
sta FLCR ;ERASE to 1
| da FLBPR ;
sta , X ;
| da #Dl y10us ;Wait 10uS
dbnza $ ;
| da #9%9©0001010 ;
sta FLCR ;HVEN to 1
I dx #3$0A ;
EraseDl y
| da #Dl y100us ;
dbnza $ ;
dbnzx EraseDl y ;
| da #%9©0001000 ;
sta FLCR ; ERASE to O
| da #Dl y100us ;
dbnza $ ;
clra ;
sta FLCR ;
rts ;
LAEr asePageEnd
LAEr asePagelLen
equ LOW LAEr asePageEnd- LAEr asePage)

; SourcePtr=Start Address
; Dest Pt r=End Addr ess
; Fl ashBuf f er=Dat a buffer

LAPr ogRange

| dhx SourcePtr ;

clra ;

psha ;
Next Row

| da #99©0000001 ;

sta FLCR PGV to 1

| da FLBPR ;

sta , X ;Dumy wite in a flash location

| da #Dl y10us ;
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dbnza $ ;Wait 10us
| da #969©0001001 :
sta FLCR iHVEN to 1
| da #Dl y5us ;
dbnza $ ;Wait 5us

Next RowByt e

| dx 1, SP ;

clrh ;

| da Fl ashBuf fer, X ;

| dhx SourcePtr ;

sta , X ;

i nc 1, SP ;

ai x #3%$01 :

st hx SourcePtr ;

cphx Dest Ptr ;

beq EndRow ;

t xa ;

and #9900111111 ; Check if end of row
beq EndRow ;

| da #Dl y30us ;

dbnza $ ;Wait 30us
bra Next RowByt e ; Next Byte

EndRow

| da #Dl y30us ;

dbnza $ ;Wait 30us
| da #969©0001000 :

sta FLCR ;PGM to O
| da #Dl y10us ;

dbnza $ ;Wait 10us
sta FLCR ;

cphx Dest Ptr ;

bne Next Row ;

pul a ;

rts ;
LAPr ogRangeEnd

LAPr ogRangelLen
equ LOW LAPr ogRangeEnd- LAPr ogRange)

LALoadRAM
psha ;
clra ;
psha ;
LALoadRAM_oop
| da , X ;
ai x #$01 ;
pshx ;
pshh ;
clrh ;
| dx 3, SP ;
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sta RxBuf f er, X ;
pul h ;
pul x ;
inc 1, SP ;
dbnz 2, SP, LALoadRAM_oop ;
pul a ;
pul a ;
rts ;
LAEr aseFPage
| dhx #LAEr asePage ;
| da #LAEr asePagelLen ;
jsr LALoadRAM ; Load routine in RAM
jsr RxBuf f er ;
rts ;
LAPr ogFRange
| dhx #LAPr ogRange ;
| da #LAPr ogRangelLen ;
j sr LALoadRAM ;Load routine in RAM
j sr RxBuf f er ;
rts ;
LALoadUpdat e
| dhx #$0000 ;
LAUpdat eLoop
| da LAFi r mUpdat e, X ;
sta $100, X ;
ai x #$01 ;
cphx #LAFi r mJpdat eLen ;
bne LAUpdat eLoop ;
rts ;
LALoadEr ase
| dhx #$0000 ;
LAEr aseLoop
| da LAEr aseUser, X ;
sta $100, X ;
ai x #$01 ;
cphx #LAEr aseUser Len ;
bne LAEr aselLoop ;
rts ;
LAUpdat eUM
bsr LALoadUpdat e ;
| dhx #$D700 ;
st hx EndAddr ;
| dhx #$8000 ;
st hx Fl ashTop ;
jsr $100 ;
rts ;
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LAEr aseUM
bsr LALoadEr ase ;
| dhx #$8000 ;
st hx St ar t Addr ;
| dhx #$D700 ;
st hx EndAddr ;
jsr $100 ;

rts ;

LAUpdat ePG

bsr LALoadUpdat e ;
| dhx #$E700 :
st hx EndAddr ;
| dhx #3$D700 :
st hx Fl ashTop ;
jsr $100 ;
rts ;
LAEr asePG
bsr LALoadEr ase ;
| dhx #3$D700 :
st hx St art Addr ;
| dhx #$E700 :
st hx EndAddr ;
jsr $100 ;
rts ;
LAUpdat eTX
bsr LALoadUpdat e ;
| dhx #3$F000 :
st hx EndAddr ;
| dhx #$E700 :
st hx Fl ashTop ;
jsr $100 ;
rts ;
LAEr aseTX
bsr LALoadEr ase ;
| dhx #$E700 :
st hx St art Addr ;
| dhx #3$F000 :
st hx EndAddr ;
jsr $100 ;
rts ;
LAEr aseUser
t pa ; Save Status register
psha ;
sei ;
| dhx St art Addr ;
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2 |

LAEr aseUser Loop

LAEr aseDl y

LAEr aseUser End

LAFi r mUpdat e

LAFi r mUpdat el

LAFi r i

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

st hx
| da
sta

| da
sta

| da
dbnza
| da
sta

| dx

| da
dbnza
dbnzx
| da
sta
| da
dbnza
clra
sta
| dhx
ai x
ai x
cphx
bne
pul a
tap
rts

t pa
psha
sei
bsr

bsr
cbega
| da
bsr
bra

bsr
bsr
psha
bsr
t ax
pul h
br a

Freescale Semiconductor, Inc.

St art Addr
#969©0000010
FLCR
FLBPR
, X
#Dl y10us
$
#969©0001010
FLCR
#3$0A

#D y100us
$
LAEr aseDl y
#99©0001000
FLCR
#Dl y100us
$

FLCR

St art Addr

#$40

#$40

EndAddr

LAEr aseUser Loop

LASendYes

LAGet 232

# S, LAFi rnil
# N

LAPut 232
LAFi r mUpdat el

LAPut 232
LAGet 232

LAGet 232

LANext L

Source Code
Mother Board Firmware

HVEN to 1

ERASE to O

; Save Status register
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LAGet 232
brclr 5, SCS1, * ;
| da SCDR ;
rts ;
LAPr ogErr
| da # N ;
bsr LAPut 232 ;
pul a ;
tap ;
sec ;
rts ;
LASendYes
| da #Y ;
LAPut 232
brclr 7, SCS1, * ;
sta SCDR ;
rts ;
LANext L
st hx Nunii nes ;
bsr LAGet 232 ;
sta Li neLen ; Save Line |ength
sta Byt eCount ;
clr Li neSum ;
bsr LAGet 232 ;
sta St ar t Addr ;
bsr LAGet 232 ;
sta St ar t Addr +1 ;
| dhx #$0090 :
Next Li neByt e
bsr LAGet 232 ;
sta , X ;
add Li neSum ;
sta Li neSum ;
i ncx ;
dbnz Li neLen, Next Li neByt e ;
bsr LAGet 232 ;
cnp Li neSum ;
bne LAPr ogErr ;
| dhx St ar t Addr ;
| da #3$90 :
sta LASour ceDat a ;
LANext Row
| da #990000001 ;
sta FLCR PGM to 1
| da FLBPR ;
sta , X ;Dumy wite in a flash location
| da #Dl y10us ;Wait 10us
dbnza $ ;
| da #9©0001001 ;
sta FLCR iHVEN to 1
| da Dl y5us ;
dbnza $ ;Wait 10us
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| da $90 :

cphx EndAddr ;

bhs Ski pByt e ;

cphx Fl ashTop ;

bl o Ski pByt e ;

sta , X ;
Ski pByt e

| da #Dl y30us ;

dbnza $ ; Wit 30us

ai x #$01 ;

t xa ;

and #99©0111111 ; Check if end of row

beq LAEndRow ;

| da LASour ceDat a ;

i nca ;

sta LASour ceDat a ;

dbnz Byt eCount , LANext RowByt e ;
LAEndRow

| da #9%9©0001000 ;

sta FLCR ;PGM to O

| da #Dl y10us ;Wait 10us

dbnza $ ;

sta FLCR ;

cbeq Byt eCount , LAEndRowl ;

dbnz Byt eCount , LANext RowByt e ;
LAEndRowl

bsr LASendYes ;

| dhx Nunii nes ;

ai x #SFF ;

cphx #$0000 ;

bne LANext L ;

pul a ;

tap ;

brclr 5, SCs1, * ;

| da SCDR ;

clc ;

rts ;
LAFi r mJpdat eEnd
LAEr aseUser Len

equ LOW LAEr aseUser End- LAEr aseUser)
LAFi r mUpdat eLen

equ LOW LAFi r mpdat eEnd- LAFi r mJpdat e)
LASour ceDat a

equ LANext RowByt e- LAFi r mUpdat e+$101
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EEE R Rk I R R I R R I R I I R R I R I R O R I O
)

; ROM DATA SECTI ON FOR LOADER AGENT

)
EEE R 2 Ik O I R R I R O R I I I R R R R I R R I R
)

Fi r mJpdMsg DC. B "Waiting for "
DC. B "Firmvare... ", $00
Er aseFi r mvsg DC. B "Erasing "
DC. B "Firmvare... ", $00
LoadFi r mvsg DC. B "Loadi ng "
DC. B "Firmvare... ", $00
ErrFirmvsg DC. B "Error ! "
DC. B "Press a kay ", $00
DevNarme DC. B " 68HCI908RF2 "
DC. B " Reference "
DC. B " Board ", $00
Agent Msg DC. B "BLI C Agent "
DC. B "Rev 1.0 ", $00
Sumivsg DC. B "Code : "
DC. B "Prog : "
DC. B "Tabl e: ", $00
Fi r mtOKMs g DC. B ": Pass ", $00
BadFi r mivsg DC. B " Fail ", $00
DC. B "No Firmmvare ", $00
Contr ast DC. B $60
VHHVal DC. B $FF
PI DSt r DC. B "RFB AO0.0 ", $00
CnmdNum DC. B $07
CndTab
DC. B "PI D ;
DC. W CndPI D ;
DC. B " EPG' ;
DC. W CndEPG ;
DC. B "ETX" ;
DC. W CndETX ;
DC. B " EUM' ;
DC. W CndEUM ;
DC. B "LPG' ;
DC. W CndLPG ;
DC. B "LTX" ;
DC. W CndLTX ;
DC. B " uuc! :
DC. W CndUUC ;
CndTabEnd
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EEE R Rk I R R R I I R R R R R I O R R I O R I R I R I R I R R I R I I O R

; BIOS Junp Tabl e

EEE R R I R S R R I R R R R R R R R I I R I R I R O R I R I R I R I I O R

| FNDEF Test Agent

Bi osVect ors:

Wai t | nput
Key OK

Wai t KeyOK
Wai t Not Key OK
Wi t Not Push
PushOK

VWi t Push
PushEncoder
Pul | Encoder
| nput Byt e
Power Of f

Dl ylns

Dl yNms

VWai t 20ns
Vi t 200ns
VWaitls

Set Cont r ast
Set VHH

W iteDAC
VWi t 5uS
Home

Cur sOn
CursOf f

Bl i nkOn

ar

Got oXY
PrintStr
PrintStri
Pri nt Char
Pri nt Char1
Pri nt Hex
Pri nt Short
Pri nt Dec

| nput Hex
Put RS232
CGet RS232
SendDec
SendStr 1

Er aseFPage
Pr ogFRange

LAWAI t | nput
LAKeyOK
LAWAI t KeyOK

LAWAI t Not Key OK

LAWAi t Not Push
LAPushOK
LAWAI t Push
LAPushEncoder
LAPul | Encoder
LAl nput Byt e
LAPower Of f
LADI y1ns

LADI yNms
LAWAI t 20ms
LAWAI t 200ns
LAWAI t 1s
LASet Cont r ast
LASet VHH
LAW i t eDAC
LAWAI t 5uS
LAHome

LACur sOn
LACur sOf f

LABI i nkOn
LAC r

LAGot oXY
LAPrint Str
LAPrintStrl
LAPri nt Char
LAPri nt Char 1
LAPri nt Hex
LAPri nt Short
LAPri nt Dec
LAl nput Hex
LAPut RS232
LAGet RS232
LASendDec
LASendStr 1
LAEr aseFPage
LAPr ogFRange

Updat eUM LAUpdat euML
Menu LAMeNnu
Sof t Reset LASof t Reset
StrLen LAStrLen
ENDI F
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EEE R Rk I R R R I I R R R R R I O R R I O R I R I R I R I R R I R I I O R
)

; Paraneter Flash

)
EEE R R I R S R R R R R R R R R I I R I I IR I R I R I R I R I R I I O O
)

Par am SECTI ON

NVRegs DC. B $D4
DC. B $A1
DC. B $00
END

A.2.2 UK509 PRM

NAMVES
ansi . lib
/* other object files to link are passed fromthe IDF with the |linker -Add option
*/
END

SECTI ONS

DI RECT_RAM = READ WRI TE 0x40 TO OXFF;
BUFF_RAM = READ WRI TE 0x0100 TO OXO1FF;
STACK_RAM = READ WRI TE 0x0200 TO 0x023F;
MY_ROM = READ ONLY 0x8000 TO OXEFFF;
LOADER ROM = READ ONLY O0xF000 TO OxFBFF;
Bl OSVEC ROM = READ ONLY OxFCO00 TO OxFCFF;
PARAM ROM = READ ONLY OxFDOO TO OxFDFF;

END

PLACEMENT
DEFAULT_ROM ROM VAR, STRI NGS | NTO MY_ROM
DEFAULT_RAM | NTO DI RECT_RAM
BUFFERS I NTO BUFF_RAM
Bi osVectors | NTO BI OSVEC_ROM
Loader | NTO LOADER_ROM
Par am I NTO PARAM ROV
SSTACK I NTO STACK_RAM

END

STACKSI ZE 0x40

INIT LAInit

VECTOR ADDRESS OxFFFE LAl nit
VECTOR ADDRESS OxFFFA | RQProc
VECTOR ADDRESS OxFFE4 Get RS232
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A.3 Transmitter Firmware

; Emul ated equ 0 ;

; UKBO4 : Transmitter Sw (inside the MC68HCO08RF2)

. SOURCE . UK804. ASM
. CONTROLLER : 68HC908RF2

;. CLOCK : 8 Mz

. VERSIONE : 1.00 28 Feb 2001

: #$- VI EW UK804 Schenmati cs- $#

i ncl ude "C:\ Metrower ks\ | i b\ HCO8c\ | NC\ HOO8RK2. | NC"

: #$- VI EW RK2 Regi sters Decl arations-$#

| HEHBHEHBEHEHSRHRHBHBH AR R H B H B H BB H RS R R R R H R R R R R R

VH#

P H# TRANSM SSI ON FRAME COWVPQCSI TI ON

VH#

cH O NNNNNNVE-FTETEETE-1T1 0 e i-1rrinnil - DGEGTTTT- RRRRRRRR
i # | EXTRA | -------- ID NUMBER-------- | codice | --CRC -|
V#

;# 1 =1 D NUMBER -> FI X | DENTI FI CATI ON CODE (3 BYTES)

:# G=GROUP -> SELECTED GROUP

; # D=DI RECTI ON -> 1=| NCREASE 0=DECREASE

; # MEMODE -> 1=Toggl e 0=Nor nal

;# T=BUTTON -> BUTTON SELECTED CODE

i # R=CRC -> CRC

; # E=EXTRA -> COWUTATI ON FLAG (1-> COMMUTATION 0-> | T CHANGES)
; # N=UNUSED -> THEY MUST BE O

V#

VH#

VH# TEMPORI ZATI ONS

V#

;# Duration Tinme of the sync signal = 6ns

;# Duration Time of a Bit = 2ms

;# Bit 0 -> LowTi ne=1. 33ns Hi ghTi ne=0. 66ns

;# Bit 1 -> LowTi ne=0. 66ns Hi ghTi ne=1. 33ns

VH#

ETgE T P T TN T T P N T TN g Y

| HEHBHBHBHEHEHHRHBHBH AR R RH B H BB R H R H RS R R R R R R R R R R
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; Keyboard Buttons Codification

; COL0 CcaL1

; 02 <D--P1--U> 82 ROW
; 04 <D -P2--U> 84 ROM
; 06 <D--P3--U> 86 ROW
; 01 <D--P4--U> 81 ROMB

; Porta A
PLLENn equ 0 ; Tango PLL Enabl e
Row0 equ 1 ; Keyboard Row 0
Rowl equ 2 ; Keyboard Row 1
Row2 equ 3 ; Keyboard Row 2
Row3 equ 4 ; Keyboard Row 3
Col 0 equ 5 ; Keyboard Col umm 0
Col 1 equ 6 ; Keyboard Col um 1
Led equ 7 ; Led
DDRAI ni t equ 940000001 ;
Port Al ni t equ 290000000 ;
; Porta B
Dat a equ 2 ;Data Qut to Tango
DA k equ 3 ; Data Cl ock from Tango
DDRBI ni t equ 290000100 ;
Port Bl nit equ 290000000 ;

ORG $80
Buf fer0 DS. B 1 ; Control Byte
Bufferl DS. B 1 ; 1 DO
Buf fer2 DS. B 1 ;1 D1
Buffer3 DS. B 1 ;1 D2
Buf fer4 DS. B 1 ; Key
Buffer5 DS. B 1 ; RCO
Buffer6 DS. B 1 ; RC1
CRC DS. B 1 ;
Bi t Count DS. B 1 ;
Last Row DS. B 1 ;
Last Col DS. B 1 ;
TxCnt DS. B 1 ;
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; Costanti
Dl y300ns equ $03 : 300ms @MWhz
M nTx equ $03 ; M ni mum nunber of frame transnmitted
FrameDl y equ $20 ; Del ay between franes
(771*FrameDl y cycl es)
codeSec: SECTI ON
XDEF mai n
XDEF Keybl RQ
mai n
nov #%00000011, CONFI G1 ; Di asbl e COP and enabl e Stop
i nstruction
rsp ;1nit stack pointer
WAr St ar t
nov #DDRAI ni t , DDRA ;lnit PORTA
nov #Port Al ni t, PORTA ;
nov #DDRBI ni t , DDRB ;1nit PORTB
nov #Port Bl ni t, PORTB ;
bset PLLENn, PORTA ; Start PLL of Tango
; WARNING !'!'!11'1 I MASKK is inverted in ermulation with MVDS/ MVEVS
i fdef Emul at ed
nov #9%9©0000011, | NTKBSCR ;I nit Keyboard
el se
nov #9©0100001, | NTKBSCR ;
endi f
nov #9©0011110, | NTKBI ER ;
Sl eep
bset ACKK, | NTKBSCR ; Ol ear possible Keyboard interrupt
before Stop
bset Led, PORTA ; Power off | ed
bel r PLLENn, PORTA ; Stop PLL of Tango
;7 WARNING !'!'!'I'l Stop instruction does not work with MVDS/ MVEVS
i fdef Emul at ed
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St opPr oc
cli ; Emul ated Stop instruction
nop ;
bra St opPr oc
el se
St opPr oc
stop ;
nop ;
bra St opPr oc
endi f
Keybl RQ
brclr 7, 1 NTKBSCR, KeyboardProc ; Check if I RQ intetrrupt
jmp | RQPr oc ;
Keyboar dPr oc
bset 2, I NTKBSCR ; Reset Keyboard Fl ag
bel r Led, PORTA ; Led On
clrx ;
Wi t Row
| da PORTA ; Read Key Row
coma ;
and #99©0011110 ;
| sra ;
bne RowCk ;
dbnza $ ;
dbnzx Wi t Row ;1f Row=0 wait until tineout
jmp Exi t Keyb ; Row ti meout
RowGk
sta Last Row ; Save Row numnber
clr | NTKBI ER ; Ol ear Keyboard interrupt enable
bits
| da #99©0011110 AL rows to 1
ora DDRA ;
sta DDRA ;
| da #99©0011110 ;
ora PORTA ;
sta PORTA ;
clrx ;
nov #$10, Bi t Count ;
Col Loop
| da #$40 ;
KeyLoop
dbnzx KeyLoop ;
dbnza KeyLoop ;Wait 49152 cycl es
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Wai t Col
| da PORTA ; Get Col umm
and #99©1100000 ;
nsa :
I sra ;
bne Col Gk ;
dbnz Bi t Count , Col Loop ;1f Row=0 wait until tineout
jmp Exi t Keyb ; Col um ti meout
Col Gk
sta Last Col ; Save col um
| da #$02 ; Decode Key
br set 0, Last Row, Set Col ;
| da #3$04 :
br set 1, Last Row, Set Col ;
| da #3$06 ;
br set 2, Last Row, Set Col ;
| da #3%$01 ;
Set Col
brclr 1, Last Col , Set Key ;
ora #3$80 ;
;Init Transm ssion Buffer
Set Key
sta Buf fer4 ;Init Key Code
clr Buffer0O ;
| da | DO ;lnit ID
sta Bufferl ;
| da | D1 ;
sta Buf fer2 ;
| da | D2 ;
sta Buffer3 ;
| da #Dl y300ns ;Wait for the tinme specified in
Accurul at or
psha ;
clra ;
clrx ;
Toggl eDl y
dbnzx $ ; [ 3*256=768]
dbnza Toggl eDl y ;[ 256* 771
dbnz 1, SP, Toggl eDl y ; [197379* Dl y300ns]
pul a ;
| da PORTA ; Check if key still down
and #99©1100000 ;
nsa ;
I sra ;
bne NoToggl e ;
bset 0, BufferO ;
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NoToggl e
| da #3501 ;
add Buf f er 6 ;
sta Buf f er 6 ;
clra ;
adc Buf fer5 ;
sta Buf fer5 ;
| da Buf f er 6 ;
and #$0F ;
beq NoRot at e ;
t ax ;

Next Rot at e
| da Buf fer5 ;
rora ;
ror Buf fer 0 ;
ror Buf ferl ;
ror Buf f er 2 ;
ror Buf f er 3 ;
ror Buf f er 4 ;
ror Buf fer5 ;
dbnzx Next Rot at e ;

NoRot at e
| dhx #BufferO ;
| da , X ;
eor 1, X ;
sta 1, X ;
eor 2, X ;
sta 2, X ;
eor 3, X ;
sta 3, X ;
eor 4, X ;
sta 4, X ;
eor 5 X ;
sta 5 X ;

; Calculate CRC

clr CRC ;
| dhx #Buffer6 ;
Next CRCByt e
nov #$08, Bi t Count :
Next CRCBi t
| da 0, X ;
eor CRC ;
| sr CRC ;
and #3$01 ;
beq NoXor ;
| da #910001100 ;
eor CRC ;
sta CRC ;
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NoXor

| da
rora
ror
dbnz
decx
cpx
bne
| da
ror
rora
nsa
sta

Freescale Semiconductor, Inc.

0, X ;

0, X ;
Bi t Count , Next CRCBi t ;

#Buffer0-1 ;
Next CRCByt e ;
CRC ;
CRC ;

CRC ;

Source Code
Transmitter Firmware

, HEHBHUEHBHEHHRHBHBHBH RS RH B H BB BB H R R AR H R R R R R R H

V# #
V# Data Ti m ng #
V# #
;# Timng is derived from Tango DataC ock signal (Tango Xtal/64) that is #
;# 212Khz@3. 560hz (4.717 us period). #
;# Tango DataCl ock is used as Tiner Mdule Cock by MCU When external clock #
;# is used by Tiner Mddule the prescaler is not available and the clock is #
;# directly to the tinmer counter. #
V# #
i BHHBHHH B AR R R R R R R R R
; Transni ssion Loop

nov #DDRAI ni t , DDRA ;

nov #Port Al ni t, PORTA ;

nov #99©0011110, | NTKBI ER ;

nov #M nTx, TxCnt ;

bset PLLENn, PORTA ;

nov #990110111, TASCR ; Stop and reset Tiner
Next Fr ame

bset Dat a, PORTB ;

| dx #FrameDl y ;

clra ;
Fr aneBl ank

clr TASCO ;

dbnza $ ;

dbnzx Fr aneBl ank ;

nov #990110111, TASCR ; Stop and reset Tiner

bel r Dat a, PORTB ;

nov #99©0010010, TASCO ;

| dhx #3$0300 ; Ti mer nmodul 0=$0300 (3. 622ns)

st hx TAMODH ;

| dhx #$0180 ; Conpar e Val ue=$0180 (0. 603ns)

st hx TACHOH ;

belr 7, TASCO ; Clear Flag
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nov #99©0011110, TASCO ; Set On Conpare and Toggl e on
Overfl ow
bel r 7, TASCR ; Clear Flag
bel r 5, TASCR ; Start Timer
brclr 7, TASCR, * ; Vi t
nov #990110111, TASCR ; Stop Ti nmer
| dhx #$00D2 ; Ti mer nmodul 0=$00D2 (990us)
st hx TAMODH ;
clr TACHOH ;
| da #$46 ;
sta TACHOL ; Conpare Value=1/3 bit tine
| dhx #CRC ; HX points to CRC
psha ; Space in stack for bit counter
nov #99©0011110, TASCO ; Set On Conpare and Toggl e on
Overfl ow
bel r 5, TASCR ; Start Timer
Next TxByt e
| da #$08 ;Init Bit Counter
sta 1, SP ;
Next TxBi t
| da 0, X ;
rora ;
ror 0, X ;
clr TACHOH ;
| da #$46 ; Conpare Value=1/3 bit time if bit=1
bcs Bitl ;
Isla ; Conpare Value=2/3 bit tinme if bit=0
Bitl
sta TACHOL ;
brclr 7, TASCR, * ; Vi t
belr 7, TASCR ; Clear Flag
dbnz 1, SP, Next TxBi t ;
decx ;
cpx #Buf fer0-1 ;
bne Next TxByt e ;
nov #990110111, TASCR ; Stop Tiner
pul a ; Free stack
clra ;
dbnza $ ;
t st TxCnt ;
beq ChkKey ;
dbnz TxCnt , Next Fr ane ;
ChkKey
| da PORTA ;
coma ;
and #99©0011110 ;
bne Next Fr ame ;
bel r PLLENn, PORTA ;
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Exi t Keyb
nov #DDRAI ni t , DDRA ;
nov #Port Al ni t, PORTA ;
nov #969©0011110, | NTKBI ER :
Wai t KeyUp
| da PORTA ;
coma :
and #99©0011110 ;
bne Wai t KeyUp ;
bset ACKK, | NTKBSCR :
bset Led, PORTA ;
t st 5, SP ; Test Return Address Low
bne DecLow ;
dec 4, SP ;
DecLow
dec 5, SP ;
rti ;
I RQProc
bset 6, | NTKBSCR ; Reset | RQ Fl ag
rti
| DO DC. B $54
| D1 DC. B $23
| D2 DC. B $F4
END
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Appendix B. Schematics

This appendix includes:
e Mother Board schematic — Figure B-1
* Receiver schematic — Figure B-2

e Transmitter schematic — Figure B-3
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Appendix C. Board Layouts

This appendix includes pictorials of the board layouts (top and bottom
views) for:

e Transmitter — Figure C-1 and Figure C-2
* Receiver — Figure C-3 and Figure C-4
e Mother board — Figure C-5 and Figure C-6
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Figure C-1. Transmitter Layout (Top View)

DRMO005 Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

140 Board Layouts MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



[ ]

L |

Freescale Semiconductor, Inc.

MOTOROLA \
semiconductor

(RIS
a 68
|/ ehags2 atiety

]

Figure C-2. Transmitter Layout (Bottom View)

Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2

Board Layouts

DRMO005

MOTOROLA Board Layouts

For More Information On This Product,
Go to: www.freescale.com

141



Freescale Semiconductor, Inc.

Board Layouts

LN

Figure C-3. Receiver Layout (Top View)
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Figure C-4. Receiver Layout (Bottom View)
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Figure C-5. Mother Board Layout (Top View)
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D.1 Contents

Appendix D. Bill of Materials

D.2 Introduction. .. .......... . .. e 147
D.3 Transmitter . . ... .. e 148
D.4  ReCEeIVEr . ... 149
D.5 MotherBoard ........... . ... . . e 150
D.2 Introduction
This appendix provides the remote keyless entry (RKE) reference
design bill of materials.
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Transmitter PARTLIST

Title TX

Customer Motorola
Author Andrea Martini
Rev  Al1.0

PWS Rev A0.0

Date 09 Nov 2001

Components

Ref Value
BAT1

Cc2 100p

C3 8p

C5 6p

C6 1lu

Cc7 1u

C8 10n

C9 1.4-3pF
CR1 13.560MHz
IC1 HC908RF2REV1
L1 22nH
LD1 LEDO805
R14 330

R15 1K

R16 1K

R17 12K

R18 10K

R19 10K

R20 10

R21 10

R22 10K

R23 10

SW

Package

PIH
0603
0603
0603
0603
0603
0603
SMD
HC49SMX
LQFP32
008
0805
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603

Function

BATTERY CONTACT

CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
TRIMMER
XTAL
MICRO
INDUCTORS
LED
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
Keyboard
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Receiver
D.4 Receiver
Receiver PARTLIST
Title RX Board
Customer MOTOROLA
Author Andrea Martini
Rev Al1.0
PWS Rev A0.0.0
Date 09/11/01
Components
Ref Value Package Function
C10 1u 0603 CAPACITOR
C11 6p 0603 CAPACITOR
C12 1u 0603 CAPACITOR
C13 1.4-3pF 1008 TRIMMER
C3 100n 0603 CAPACITOR
C4 68n 0603 CAPACITOR
C5 100p 0603 CAPACITOR
C6 10n 0603 CAPACITOR
C8 100p 0603 CAPACITOR
CR1 13.5806MHz SMD3118 XTAL
IC2 MC33591 LQFP24 IC
L1 1uH 1008 INDUCTORS
R2 470K 0603 RESISTOR
R3 180K 0805 RESISTOR
R5 10K 0603 RESISTOR
Remote Keyless Entry (RKE) Reference Design Using the MC68HC908RF2 DRMO005
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MotherBoard PARTLIST

Title Motherboard
Customer MOTOROLA
Author Andrea Martini
Rev  A0.0

PWS Rev A0.0.0

Date 09/11/00

Components

Ref Value Package
C34 1u 0603

Ch1 100n 0603

C52 1u 0603

C57 100n 0603

C58 470uF 8/16-VERT
C59 100n 0603

C60 10uF 5/11-VERT
Cc61 10uF 5/11-VERT
C62 1u 0603

C63 1u 0603

C64 1u 0603

C65 1u 0603

C66 1u 0603

CN12 FH40

CN13 FH40

CN14 FH40

CN15 PLUG2.5mm

CN29 DB9

CR1 9.8304MHZ DIP8

D1 1SS355 SOD323
D2 ZRA250F01 SOT23

D3 MBRD835 DPACK

D4 MMSZ5225B SOD123
IC13 MIC4416 SOT143
IC14 MIC5206BMM MSOP8
IC15 MIC5206 SOT23-5
IC16 MIC4416 SOT143

Function

CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR

CONNECTOR
CONNECTOR
CONNECTOR
CONNECTOR
CONNECTOR

0osC

DIODE
REFERENCE
DIODE
ZENER
MOSFET
REGULATOR
REGULATOR
MOSFET

—Continued on next page —
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Ref

IC17
IC29
IC30
IC31
IC33
IC34
IC35
IC36
IC37
MOS1
Q1
R12
R13
R17
R2
R21
R22
R24
R25
R26
R27
R28
R3
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R7
RO
SW4
SW5

Value

EA7123I2C
HC908GP32
HN29W128
74HC04D
MAX533BCEE
LMV321
74HC125D
MAX232S0
74HC139D
IRL9024
SMBT3904
10K

10K

10K

56K

10K

10K

1K

1K

10K

100K

100K

10K

10K

10K

10K

10K

10K

10K

470

1K

1K

1K

10K

10K
EC11B15242
SW5511M1X

Package

QFP44
48TSOP
S014
SSOP16
SC70
S014
SO16W
S0O16
D-PACK
SOT23
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
0603
Oriz
PIH

Function

LCD
MCU
Memory
LOGIC
DAC

OPERATIONAL

LOGIC
INTERFACE
LOGIC
MOSFET
BJT
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
SWITCHES
SWITCHES

Bill of Materials
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HOW TO REACH US:
USA/EUROPE/LOCATIONS NOT LISTED:

Motorola Literature Distribution;
P.O. Box 5405, Denver, Colorado 80217
1-303-675-2140 or 1-800-441-2447

JAPAN:

Motorola Japan Ltd.; SPS, Technical Information Center,
3-20-1, Minami-Azabu Minato-ku, Tokyo 106-8573 Japan
81-3-3440-3569

ASIA/PACIFIC:

Motorola Semiconductors H.K. Ltd.;

Silicon Harbour Centre, 2 Dai King Street,

Tai Po Industrial Estate, Tai Po, N.T., Hong Kong
852-26668334

TECHNICAL INFORMATION CENTER:
1-800-521-6274
HOME PAGE:

http://www.motorola.com/semiconductors

Information in this document is provided solely to enable system and software
implementers to use Motorola products. There are no express or implied copyright
licenses granted hereunder to design or fabricate any integrated circuits or
integrated circuits based on the information in this document.

Motorola reserves the right to make changes without further notice to any products
herein. Motorola makes no warranty, representation or guarantee regarding the
suitability of its products for any particular purpose, nor does Motorola assume any
liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation consequential or incidental
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