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Introduction

Requirements for increased functionality inevitably lead to an increase in wiring requirements. Apart from
the amount of copper required, the usable free space can be a limiting factor, impacting on development,
especially within the car. Car doors are one example where this limitation applies. It is easy to imagine
the amount of wiring needed within the car door if central door locking, power windows, power mirrors,
and an audio system are fitted. All this requires extra wiring, which uses much of the strictly limited space.

One way to handle this situation is to use a bus oriented solution. Three main automotive industry
qualified standards are in use today: high performance FlexRay networks; the widely used CAN; and the
low cost LIN (used mainly at a sensor/actuator level). The door lock slave application described here, and
the mirror unit implementation described in Reference [6]) are examples of LIN based solutions.

System Outline, VCT LTP 2.0
As AN2726 deals with implementing LIN 2.0 connectivity on Freescale MCUs (see Reference [3]), only

the key connectivity related features are described here. It is recommended that the reader first study
AN2726 (see Reference [3]).
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System Outline, VCT LTP 2.0

Cluster Topology, Node Names

The door lock application LIN cluster consists of one master node, four door lock units, and one trunk lock
unit, as shown in Figure 1.
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Figure 1. Door Lock Slave Application Cluster Topology

The door lock master node application is designed to operate with both left door units (front and rear). The
remaining nodes (dashed blocks in Figure 1) are not implemented in the master node application;
however, they are included in the cluster topology, together with relevant frame names.

The node naming convention and the node configured NAD (used as a parameter for the LIN diagnostic
layer) can be seen in Table 1:

Table 1. Door Lock Slave Application Node Naming Convention

Node Master node Left front Right front Left rear Right rear Trunk lock
description door lock unit | door lock unit | door lock unit | door lock unit unit
Node name lock_master Iock_f_I“) lock_f r Iock_r_l(” lock_r_r lock_trunk

Configured NAD N/A 0x10 Ox11 0x12 0x13 Ox14

NOTES:
1. lis lowercase L

Message Strategy

The message strategy of the door lock slave application cluster can be seen in Table 2.
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Table 2. Door Lock Slave Application Messaging Strategy
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lock_door_cmd and

In addition to the diagnostic frames, the master node sends two frames,

d, with the lock/unlock command for the door and trunk units. The slave node response

lock_trunk_cm
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System Outline, VCT LTP 2.0

varies according to the node’s functionality. The rear door units and the trunk provide the master node
with the system error bit information1, together with error feedback, used to inform the master node that
an error occurred when the lock last moved. The front door units, in addition to this information, send the
door lock switch status to the master node; this is used by the master node application to generate the
lock/unlock commands.

Schedule Tables
There are three schedule tables defined in the application.

The first is the sch_conflict_resolving schedule table, where the frame IDs are assigned to the nodes. An
example of changing the NAD is shown (from value 0x09to 0x10 for a node with supplier ID 0x0004 and
function ID 0x0010).

The second is the normal_mode schedule table. This is used in normal running mode to provide the
master node with the status of the front door units switches and the door lock units error status, and to
supply the slave nodes with the lock/unlock commands. Because the lock/unlock command is distributed
throughout the normal_mode schedule table consecutively, it is the responsibility of the slave node
application to move the lock unit only when the lock/unlock command is changed.

The third is the low_power_mode schedule table, which is designed to decrease the system power
consumption. More details about the application low power mode can be found in Low Power Mode on
page 11 section of this document.

1. The system error bit is set whenever a frame received or transmitted by the node contains an error in the response field.

LIN 2.0 Door Lock Slave, Rev. 1
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Hardware

Hardware

The slave node hardware concept is shown in Figure 2.

> Door

—] MC68HCO908 MC33887 >
LIN— GR16 <:> EVE Lock
LINKit h Unit

Figure 2. Slave Nodes Hardware Concept

The slave node consists of three main parts:

» MC68HC908GR60A LINKit board fitted with the MC68HC908GR16 MCU';
* MC33887 evaluation board, representing the high-power side of the door lock unit;
* The door lock unit itself.

MC33887

The MC33887 (see Reference [5]) is an example of the wide portfolio of Freescale monolithic H-bridge
power IC. The key features of the MC33887 H-bridge are as follows.

e Capability to control inductive loads with continuous DC load currents up to 5.0 A
* Load current feedback

* Over current and over temperature protection

e Qutput short circuit protection and shutdown

e Active current limiting via internal constant OFF-time PWM

* Fault status reporting

e Sleep mode with current draw < 50pA

The MC33887 simplified internal block diagram can be seen in Figure 3:

1. As the MC68HC908GR60A and the MC68HC908GR16 MCUs are pin compatible, there is no need to change the LINKits
board (other than replacing the MCU).

LIN 2.0 Door Lock Slave, Rev. 1
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Figure 3: MC33887 Simplified Internal Block Diagram

The MC33887 is connected to the MCU via four input pins. Two of them (/N7 and IN2) are used to control
the MC33887 power output pins (OUT1 and OUT2), and two (D7 and D2) are used to introduce the output
power pins to tristate disable. The MC33887 load current feedback is connected to the MCU A/D
converter channel and is used to detect the backstop position of the door lock unit.

Door Lock Units

To develop the application, door lock units based on a DC brush motor are used. However, the application
can be easily modified to control solenoid door lock units.

In general terms, there are two kinds of door lock units:

* Rear door units, fitted with a DC brush motor (or any kind of actuator);

* Front door units, fitted with a DC brush motor and a switch detecting the lock movement.
Information from the switch is used to decide if the change of state of the door locks was requested

(e.g. after the car key turns in the door lock). A request to lock/unlock the car door can be replaced
by a command from the remote key receiver or immobilizer.

The construction of the door lock unit consists of a mechanical changer, converting the rotation of the DC
brush motor to the sliding movement of the connection rod with backstops. When the mechanical changer
hits the backstop, the DC motor current increases. This situation is used to detect the end stop position
of the door lock, to stop driving the DC motor. It is recommended to measure the steady state current of

LIN 2.0 Door Lock Slave, Rev. 1

Freescale Semiconductor



Hardware

the DC brush motor winding (after the current transient phenomenon caused by the DC brush motor
startup).

MC68HC908GR60A LINKit Boards

As the aim was to use the MC68HC908GR16 MCU, which is pin compatible with the MC68HC908GR60A,
and the GR16 LINKits boards were not available at the time of development, the GR60A LINKits boards
were fitted with the GR16 MCUs. More details about the LINKIt family can be found in Reference [4].

A simplified circuit connecting the GR16 LINKits board, the MC33887, and the door lock unit for the rear
car door is shown in Figure 4.

CTi121
vsuP vsuP
R vin Y vour Hg by
" r4
[=] o
2k2 T z
2] o
d VDD DEBUG 47%
d 100k RESET
100k
= —A
N T JJ5ddna
~ 5= u 3 o o
AN L
e g 01u = e
VSUP = qmmuom<»®f‘w
= a o « - PUSH_BUTTON JOccorLegE:
a < Q L
S 3 8 3 pras 87 , B ; 5433%335%
& g > © PTA4 i FB >>  AGND
27k 47K P—&®a = GND2 bncs2 (2
= GND3 DNCat [
pTCO [ Gnpg  MC33BBTFC VPWR30 [ | U4
N q4 L = MCB8HC908GR16  FTC0 i P ONbe iz Vownag 22§ 1
us prc2 (13 GND6 vPWR28 284 | M1
LIN 8 z o7 PTC3 20 GND7 VPWR27 i — M2
C +—%un 2 £ EN PTB5/ADS PTC4 (2 1 GND8 DNC26 fgﬁ =
PTC5 ‘ 10 GND9 DNC25 4 -
MC33399 1 3 20 D2 EN 2o
Us Rx PTE1/RXD PTB7/AD7 OUT2A 0aZS IN2
4 2 NEICENRLL Rear_uni T
WAKE T PTEO/TXD 599995522 -
2 5 0556600>>0Ca
o
30 3 Jskdd] <o o]
a9 g PBASE— | yeeey a
b > > >
o |
10k

Figure 4. Simplified Rear Doors Lock System Circuit

The PTC port is used to connect the GR16 LINKits board and the MC33887 EVB. To monitor the
MC33887 H-bridge output current, an external resistor is used to convert the current feedback to a
proportional voltage, which is measured via channel 7 of the MCU A/D converter.

To enable cluster wake-up after a front door lock switch change of state, the circuit of the GR16 LINKits
board, the MC33887, and the door lock unit for the front car door was slightly modified, as shown in
Figure 5.

LIN 2.0 Door Lock Slave, Rev. 1
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Figure 5. Simplified Front Doors Lock System

As the front door lock unit contains a 3-pin lock switch, one pin is connected to the wake-up pin of the

MC33399 LIN interface, to enable wake-up of the LIN cluster via Q3 and the IRQ input of the GR16 MCU.
To detect the lock switch position during the normal running mode, the lock switch is connected also to
the PTA3 pin of the GR16 PTA port'.

NOTE

Originally the LINKits boards are fitted with the MC33399 LIN physical
interface. As the new, pin compatible, MC33661 LIN physical interface with
many improvements (especially the slew rate control and low EMC
emission) is available now, the MC33661 can be used instead of the

MC33399.

If the MC33399 is replaced with the MC33661 on the LINKits board, a

10 kQ series resistor should be added between the INH pin of the MC33661
and the SHDN pin of the LT1121 voltage regulator. More about the
MC33661/MC33399 replacement can be found in Reference [7].

1. As the MC33399 wake-up pin threshold is typically 0.44 Vg p (0.57 Vgp, for low to high transition), the Q1 transistor is used

to convert the voltages to TTL levels.

LIN 2.0 Door Lock Slave, Rev. 1
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Software

The slave node application software is almost identical for the front and rear door units, the difference
being that sending the lock switch status applies only to the front door unit.

Board Configuration File board.h

To enable easy configuration changes, all hardware dependent data are concentrated in the board.h
header file. The following information can be found in this file.

Low power mode used (see Low Power Mode on page 11 for more details)
MCU port where the MC33887 H-bridge is connected

Position of the lock switch pin (for the front door unit)

A/D limit for the current end stop position detection

Definition of the delay for repeated A/D reading (to suppress the starting current)
Position of the MC33399 LIN interface enable pin

Main Program Structure

The main program flow chart can be seen in Figure 6.

LIN 2.0 Door Lock Slave, Rev. 1
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Figure 6: Main Program Flow Chart
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After all necessary hardware initialization (of the MC33399 LIN interface and the MC33887 H-bridge), the
LIN driver is initialized in the main() function. The initialization procedure for the LIN 2.0 driver is described
in Reference [3]. After initialization, the forever loop is entered. The following functions are periodically
called within it.

* PET_WATCHDOGY(), which serves the watch dog counter

* SendStatus(), sending the status of the lock switch to the master node’

* CheckVoltage(), detecting the backstop via the MC33887 H-bridge current feedback

* CheckError(), providing the master node with information about issues on the MC33887 H-bridge
(shortcut on the output, over temperature, etc.)

e CheckLowPower(), taking care of the system low power mode

*  MotorMng(), driving the lock actuator
The most important function in the main forever loop is MotorMng(). As the information on the required
lock position is distributed during the normal running mode consecutively, after the lock_door frame is
read the information of the lock/unlock command is compared to the previous one. If the current
lock/unlock command is different from the previous, an appropriate actuator action call is issued and the
time of the call is memorized. If the actuator movement is not stopped within the LOCK_OVER_TIME time
period by the CheckVoltage() function (via the backstop current accrual), it is stopped after the

LOCK_OVER_TIME time period, and the error flag is set. After a transmission, this error flag can be used
by the master node application to detect any malfunction of the door lock actuator or door lock.

Low Power Mode

To reduce the system power consumption, low power modes are included in the slave node unit software.
The cluster low power mode is driven by the master node application. When the master node does not
detect any lock switch status change within a five second period, it sends the goto_sleep command to the
LIN bus (details of the LIN low power modes can be found in Reference [3]).

To detect the goto_sleep command on the slave node side, the [_ifc_read_status_i1() function is used:

if ((1_ifc _read status il() & 0x0008)== L SLEEP REQUEST) /* Sleep command received? */
{
}

Two typical low power modes are implemented in the slave unit software.

e System power-down
e MCU stop mode

System Power Off

The system power-down approach is shown in the rear door units. After a goto_sleep command
reception, the MCU disables the MC33399 LIN interface. It causes the switchable voltage regulator to

1. Applicable only to the front door lock unit.

LIN 2.0 Door Lock Slave, Rev. 1
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shut down (via the SHDN input of the LT1121 voltage regulator on the LINKits board). There are only two
ways to wake up the system after power down: by a LIN wake-up via the LIN bus, or by a slave node reset.

MCU Stop Mode

The MCU stop mode is used in the front door units. After a goto_sleep command reception, the external
IRQ is enabled, the MC33399 LIN interface is disabled, and the STOP instruction is executed. Since the
bonding between the MC33399 LIN interface and the switchable voltage regulator is disconnected, it does
not cause a system power down, but the IRQ input of the MCU is pulled high. If the status of the lock
switch is changed while the MCU is in stop mode, the MC33399 INH output is enabled, and the GR16
IRQ pin is pulled low. This causes the GR16 to wake up from stop mode and, after initialization of the LIN
driver, to transmit a LIN wake_up request.

As the wake_up request transmission is executed after every reset, the LIN 2.0 specification is violated.
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1. According to the LIN 2.0 specification, the wake_up request should be transmitted only when the cluster was previously in
sleep mode.
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Acronyms

Acronyms

API Application Program Interface

CAN Controller Area Network

CFG Target Hardware Configuration File

ECU Electronic Control Unit

ID IDentifier

ISR Interrupt Service Routine

LCFG LIN Configuration Tools

LIN Local Interconnect Network

LTP LIN Target Package

MCU Microcontroller Unit

NAD Node Address for Diagnostic

PRV Private File

SBC System Basis Chip

SCI Serial Communications Interface

UART Universal Asynchronous Receiver and Transmitter
VCT Volcano Communications Technologies

UART Universal Asynchronous Receiver and Transmitter
VCT Volcano Communications Technologies
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