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1.2 Introduction

1.3 Features

Freescale Semiconductor, Inc.

General Description

The Motorola MC68HCO05V12 microcontroller is a custom M68HCO05-
based MCU featuring a byte data link cantroller (BDLC) module and on-
chip power regulation for the on-chip gauge drivers. The device is
available packaged in a 68-pin plastic-lead chip carrier (PLCC). A
functional block diagram of the MC68HCO05V12 is shown in Figure 1-1.

Features of the MC68HCO05V12 include the following.

M68HCO05 Core with:On-Chip Oscillator for Crystal/Ceramic
Resonator

12 Kbytes of User ROM and 384 Bytes of User RAM

256 Bytes of Byte; Block, or Bulk Erasable EEPROM

Byte Data Link.Controller (BDLC) Module

5-Channel, 8-Bit Analog-to-Digital (A/D) Converter

Serial Peripheral Interface (SPI)

8-Bit Timerwith Real-Time Interrupt

16-Bit Timer with One Input Capture and One Output Compare
Two 38-Frequency, 6-Bit Pulse Width Modulators (PWMs)

Mask Option Selectable Computer Operating Properly (COP)

Watchdog System

23 General-Purpose Input/Output (1/0) Pins:

— Eight I/0 Pins with Interrupt Wakeup Capability

— Eight I/0 Pins Multiplexed with Timer, PWMs, and Serial
Peripheral Interface (SPI) Pins

— Seven General-Purpose I/0 Pins

Five Input-Only Pins Multiplexed with A/D

MC68HCO5V12 —Rev. 1.0
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1.4 MCU Structure

General Description
MCU Structure

On-Chip H-Bridge Driver Circuitry to Drive Six Gauges
— Four Minor Gauges
— Two Major Gauges

Mask Option Selectable Low-Voltage Reset (LVR)

Power-Saving Stop Mode and Wait Mode Instructions (Mask
Option Selectable STOP Instruction Disable)

The overall block diagram of the MC68HCO05V12 is shown in
Figure 1-1.

NOTE: A line over a signal name. indicates an active low signal. For example,
RESET is active high and RESET is active low. Any reference to voltage,
current, or frequency specified in the following sections will refer to the
nominal values. The exact values and their tolerance or limits are
specified in Section 17. Electrical Specifications

1.5 Selectable Mask Options

The following-mask options are selectable.

MC68HCO05V12 — Rev. 1.0

Sensitivity on IRQ interrupt, edge- and level-sensitive or edge-
sensitive only

Selectable COP watchdog system enable/disable
Selectable low-voltage reset (LVR) to hold CPU in reset
Selectable STOP instruction disable

General Description
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General Description
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Figure 1-1. MC68HCO05V12 Block Diagram
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General Description
Functional Pin Descriptions

1.6 Functional Pin Descriptions

The pinout for the MC68HCO05V12 is shown in Figure 1-2 followed by a
functional description of each pin.

~ RESET

N o N . S
< << < O O O O
[ I o I a Ry a W a T a T o 1Y

000

© [ ®Q

© [] Vssp
~ [ Voo
o [ osCt
o [ 0sc2
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PBUSCK [ 11 59 [ PC2
PB2MOSI [ 12 58 ] PCL
PBIMISO [ 13 57 ] PCo
PBAPWMA [ 14 5 [ ] Veern
PBSIPWMB [ 15 55 ] Veer
PBETCMP [ 16 54 [ ] PD4/AD4
PBITCAP [ 17 53 [—] PD3/AD3
TP [ 18 52 [ ] PD2AD2
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N
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MAJAL%. ]

b ® DO W 18)

<t <t [aa] [aa]
SSs3835n8a0%8 208
< < < >><(<(<<(§_Z—
= = = S == = s =

Figure 1-2. MC68HCO05V12 Pin Assignments (68-Pin PLCC Package)
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General Description

1.6.1 VDD and VSSD

1.6.2 VSSA

1.6.3 Veea

1.6.4 VREFH and VREFL

These pins provide power to all the microcontroller’s digital circuits. The
short rise and fall times of the MCU supply current transients place very
high short-duration current demands on the internal power supply. To
prevent noise problems, special care-should be taken to provide good
power supply bypassing at the MCU.by using bypass capacitors with
good high-frequency characteristics that are positioned as close to the
MCU supply pins as possible. Two.sets of Vpp and Vgg pins are required
to maintain on-chip supply noise within acceptable limits. Each supply
pin pair will require its own decoupling capacitor. These are high-current
pins.

Vgga IS a separate ground pad which provides a ground return for the
analog-to-digital (A/D) subsystem and the digital-to-analog (D/A) gauge
subsystem. To prevent-digital noise contamination, this pin should be
connected directly to a low-impedance ground reference point.

Vcea is a separate supply pin providing power to the analog subsystems
of the A/D converter and gauge drivers. This pin must be connected to
the Vpp pin‘externally. To prevent contamination from the digital supply,
this pin should be adequately decoupled to a low-impedance ground
reference.

VRrerH is the positive (high) reference voltage for the A/D subsystem.
VgeeL IS the negative (low) reference voltage for the A/D subsystem.
Vrern @and Viep, should be isolated from the digital supplies to prevent
any loss of accuracy from the A/D converter.

MC68HCO5V12 —Rev. 1.0
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General Description
Functional Pin Descriptions

1.6.5 OSC1 and OSC2

The OSC1 and OSC2 pins are the connections for the on-chip oscillator.
OSC1 is the input to the oscillator inverter. The output (OSC2) will
always reflect OSCL1 inverted except when the device is in stop mode
which forces OSC2 high. The OSC1 and OCS2 pins can accept the
following sets of components:

1. Acrystal as shown in Figure 1-3 (a)
2. A ceramic resonator as shown in Figure 1-3 (a)

3. An external clock signal as shown in Figure 1-3 (b)

The frequency, fogc, of the oscillator or external clock source is divided
by two to produce the internal operating frequency, fop.

1.6.5.1 Crystal Oscillator

The circuit in Figure 1-3 (a) shows a typical oscillator circuit for an AT-
cut, parallel resonant crystal. The crystal manufacturer’s
recommendations 'should be followed, as the crystal parameters
determine the external component values required to provide maximum
stability and reliable startup. The load capacitance values used in the
oscillator circuit design should include all stray capacitances. The crystal
and components should be mounted as close as possible to the pins for
startup stabilization and to minimize output distortion and radiated
emissions.

1.6.5.2 Ceramic Resonator Oscillator

MC68HCO05V12 — Rev. 1.0

In cost-sensitive applications, a ceramic resonator can be used in place
of the crystal. The circuit in Figure 1-3 (a) can be used for a ceramic
resonator. The resonator manufacturer's recommendations should be
followed, as the resonator parameters determine the external
component values required for maximum stability and reliable starting.
The load capacitance values used in the oscillator circuit design should
include all stray capacitances. The ceramic resonator and components
should be mounted as close as possible to the pins for startup
stabilization and to minimize output distortion and radiated emissions.

General Description
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General Description

1.6.5.3 External Clock

1.6.6 RESET

An external clock from another CMOS-compatible device can be
connected to the OSC1 input. The OSC2pin should be left unconnected,
as shown in Figure 1-3 (b).

MCU MCU
0sC1 0sC2 0sC1 0sc2
10 MQ* 4)
n UNCONNECTED
1Ll
0pF* A~ 4MHzr T~ 20PF7
L L EXTERNAL CLOCK

(a) Crystal or Ceramic (b) External Clock
Resonator Connections Source Connection

*Values shown are typical.For further information, consult the crystal oscillator vendor.

Figure 1-3. Oscillator Connections

This pin can be.used as an input to reset the MCU to a known startup
state by pulling.it to the low state. The RESET pin contains an internal
Schmitt trigger to improve its noise immunity as an input. The RESET pin
has an internal pulldown device that pulls the RESET pin low when there
is an internal computer operating properly (COP) watchdog reset,
power-onreset (POR), illegal address reset, a disabled STOP
instruction reset or an internal low-voltage reset. Refer to

Section 5. Resets .

1.6.7 IRQ (Maskable Interrupt Request)

This input pin drives the asynchronous IRQ interrupt function of the
CPU. The IRQ interrupt function has a programmable mask option to
select either negative edge-sensitive triggering or both negative edge-
sensitive and low level-sensitive triggering. The IRQ input requires an
external resistor to V5 for wire-OR operation, if desired. If the IRQ pin
is not used, it must be tied to the Vpp supply. The IRQ pin contains an

MC68HCO5V12 —Rev. 1.0
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General Description
Functional Pin Descriptions

internal Schmitt trigger as part of its input to improve noise immunity.
Each of the PCO through PC7 1/O pins may be connected as an OR
function with the IRQ interrupt function. This capability allows keyboard
scan applications where the transitions ‘on'the 1/0 pins will behave the
same as the IRQ pin. The edge or level sensitivity selected by a mask
option for the IRQ pin does not apply.to-the port C input/output (I/O) pin
interrupt. The I/O pin interrupt is always negative edge-sensitive. See
Section 4. Interrupts  for more details on the interrupts.

These seven I/O lines comprise port A. The state of any pin is software
programmable, and all port A'lines are configured as inputs during
power-on or reset. See Section 7. Parallel Input/Output (1/0)  for more
details on the 1/O ports.

1.6.9 PBO-PB3 (SPI Pins), PB4/PWMA, PB5/PWMB, PB6/TCMP, and PB7/TCAP

MC68HCO05V12 — Rev. 1.0

These eight I/0O lines comprise port B. The state of any pin is software
programmable, and all port B lines are configured as inputs during
power-on or reset: See Section 7. Parallel Input/Output (1/0)  for more
details on the I/O ports.

PBO0-PB3 are shared with serial peripheral interface (SPI) functions. See
Section 10. Serial Peripheral Interface (SPI)  for more details
concerning the operation of the SPI and configuration of these pins.

PB6 and PB7 are also shared with timer functions. The TCAP pin
controls the input capture feature for the on-chip 16-bit timer. The TCMP
pin provides an output for the output compare feature of the on-chip 16-
bit timer. See Section 9. 16-Bit Timer for more details on the operation
of the timer subsystem.

PB4 and PB5 are shared with the pulse width modulator output pins
(PWMA and PWMB). See Section 11. Pulse Width Modulators
(PWMs) for more details on the operation of the PWMs.

General Description
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General Description

1.6.10 PCO-PC7

These eight I/0O lines comprise port C. The state of any pin is software
programmable and all port C lines are configured as inputs during
power-on or reset. All eight pins are connected via an internal gate to the
IRQ interrupt function. When the IRQ interrupt function is enabled, all the
port C pins will act as negative edge-sensitive IRQ sources. See
Section 7. Parallel Input/Output (I/Q) . for more details on the 1/O ports.

1.6.11 PDO-PD4/ADO-AD4

1.6.12 TXP and RXP

1.6.13 Iyax

1.6.14 Vpge

When the A/D converter is disabled, PDO-PD4 are general-purpose
input pins. The A/D converter is disabled upon exiting from reset. When
the A/D converter is enabled, one of these pins is the analog input to the
A/D converter. The A/D control register contains control bits to direct
which of the analog inputs are to be converted at any one time. A digital
read of this pin when the A/D converter is enabled results in a read of
logical zero from the selected analog pin. A digital read of the remaining
pins gives their correct (digital) values. See Section 13. A/D Converter
for more details on the operation of the A/D subsystem.

These pins provide the I/O interface for the BDLC subsystem. See
Section 14./Byte Data Link Controller-Digital (BDLC-D) for more
details on-the operation of the BDLC.

This pin is used to define the maximum coil current in the gauges by
connecting a resistor from this pin (Ryax) to ground as shown in
15,7 Coil Sequencer and Control

This pin is the gauge power control pin for the external pass device.
Refer to 15.7 Coil Sequencer and Control

MC68HCO5V12 —Rev. 1.0
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1.6.16 Vgsg

1.6.17 Vovrer
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General Description
Functional Pin Descriptions

This pin is the regulated gauge voltage input. Refer to 15.7 Coil
Sequencer and Control .

Two pins are provided for a separate gauge driver ground, Vggg. Used
as the current return only for the cail driver circuitry, it is a high-current

pin.

This pin is the feedback pin-for the gauge power regulator. External
resistors as shown in Figure 15-14 . Sample Gauge Connections to
the MC68HCO5V12 are-used to set the gauge input voltage at pin

Vasup-

1.6.18 MAJA(B)1+, MAJA(B)1-, MAJA(B)2+, and MAJA(B)2-

1.6.19 MINA(B,C,D)1,

MC68HCO05V12 — Rev. 1.0

These pins are the full H-bridge coil driver pins. The A or B refer to pins
associated with-major gauge A or gauge B, and pin 1+/-or pin 2+/-refer
to coil 1 or coil-2 of that major gauge and the direction of current flow.
Refer to 15.3-Gauge System Overview for more details on the
operation of these pins.

MINA(B;C,D)2+, and MINA(B,C,D)2-

MINA(B,C,D)2+ and MINA(B,C,D)2- are the full H-bridge driver pins
used with or for the minor gauges. These pins allow the coil current to be
reversed for movement of gauge pointer from 0 to 180 degrees.

MINA(B,C,D)1 is the low-side driver pin used with the minor gauges. The
current flow through the coill is restricted to one direction. Refer to

15.3 Gauge System Overview for more details on the operation of
these pins.

General Description
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General Description

1.7 Power Supply Pin Connections

Refer to Figure 1-4 for a supply decoupling diagram.

DIGITAL CIRCUIT SUPPLY

DIGITAL CIRCUIT GROUND

ANALOG
GROUND

AID CONVERTER

SINGLE POINT
GROUND

ANALOG DIGITAL
SUPPLY MODULES

GAUGE REGISTER

GAUGE DRIVERS

|| 01pF
Il

* Refer to Section 15. Gauge Drivers for decoupling recommendations.
**Qptional supply isolation circuit

Figure 1-4.- Supply Decoupling Diagram

1.8 Decoupling Recommendations

To provide effective decoupling and to reduce radiated RF emissions,
small.decoupling capacitors must be located as close to the supply pins
as possible. The self-inductance of these capacitors and the parasitic
inductance and capacitance of the interconnecting traces determine the
self-resonant frequency of the decoupling network. A frequency that is
too low will reduce decoupling effectiveness and could increase radiated
RF emissions from the system. A low value capacitor (470 pF to 0.01 puF)
placed in parallel with the other capacitors will improve the bandwidth
and effectiveness of the network.

MC68HCO5V12 —Rev. 1.0
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General Description
Decoupling Recommendations

1. VpptoVggp: MCU internal digital power decoupling.  Decouple
with a 0.1 puF ceramic or polystyrene.cap. If the self-resonance
frequency of the decoupling circuit (assume 4 nH per bond wire)
is too low, add a 0.01 puF or smaller cap in parallel to increase the
bandwidth of the decoupling network. Place the smaller cap
closest to the Vpp and Vggp pins:

2. Vcea t0 Vggat Analog subsystem power supply pins. These
pins are internally isolated from the digital Vpp and Vgg supplies.
The Vgga pin provides a ground return for the A/D subsystem and
portions of the gauge subsystem. The analog supply pins should
be appropriately filtered toprevent any external noise affecting the
analog subsystems. TheVgga pin should be brought together with
the digital ground at.asingle point which has a low (HF)
impedance to groundto prevent common mode noise problems. If
this is not practical, then the Vggp PCB traces should be routed in
such a manner that digital ground return current is impeded from
passing through the analog input ground reference as shown in

Figure 1-5.
POOR ANALOG GROUNDING
V12 BETTER ANALOG GROUNDING
ANX
. Y

SHIELDED SSA Vssp )
CABLE Vi

T ANX
GND Vssa Vssp

SHIELDED CABLE

TO SYSTEM GND

Figure 1-5. Single-Sided PCB Example

MC68HCO05V12 — Rev. 1.0
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2.1 Contents

2.2 Introduction
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When the MC68HCO05V12 is in the single-chip mode, the input/out (1/0O)
and peripherals, user RAM, EEPROM, and user ROM are all active as
shown in Figure 2-1.

Memory Map

For More Information On This Product,
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Memory Map

$0000 0000 $0000
110
$003F P 0063 Vo
$0040 0064 Registers
USER RAM
128 BYTES 64 .Bytes
See Figure 2-2
A
STACK RAM $003F
64 BYTES
$00FF 0255
$o100 USER RAM 0256
$01BF 192 BYTES 0447 *Gauge Vector (High Byte)/
i $3FF0
UNUSED COP Watchdog Timer
$0240 USER EEPROM 0576 Gauge Vector (Low Byte) | $3FF1
256 BYTES -Bit Ti i $3FF2
$033F 0831 8-Bit Timer Vector (High Byte)
-Bit Ti 3FF3
$0340 UNUSED 0832 8-Bit Timer Vector (Low Byte) | $
2496 BYTES SPI Vector (High Byte) $3FF4
27
?;%gl(:)g 3228 4 SPI Vector (Low Byte) $3FF5
/ BDLC Vector (High Byte) $3FF6
J BDLC Vector (Low Byte) | $3FF7
USER ROM / — - $3FF8
12032 BYTES e 16-Bit Timer Vector (High Byte)

/ 16-Bit Timer Vector (Low Byte) | $3FF9
$3BFF 15359 . / IRQ Vector (High Byte) | S3FFA
$3C00 15360 IRQ Vector (Low Byte) $3FFB

BOOTLOADER/ FACTORY -
TEST CODE ROM / SWI Vector (High Byte) $3FFC
1008 BYTES / SWI Vector (Low Byte) $3FFD
a0 o Reset Vector (High Byt $3FFE
$3FFO[ USER VECTORS ROM | 16368 eset Vector (High Byte)
$3FFF 16 BYTES 16383 Reset Vector (Low Byte) $3FFF

*Reading $3FFO0 returns the gauge vector EPROM byte.
Writing a zero to $3FFO0, bit 0, resets the COP.

Figure 2-1. MC68HCO05V12 Single-Chip Mode Memory Map

2.3 1/0 and Control Registers

The I/O and control registers reside in locations $0000-$003F. The
overall organization of these registers is shown in Figure 2-2 . The bit
assignments for each register are shown in Figure 2-3 through
Figure 2-6 . Reading from unimplemented bits will return unknown
states, and writing to unimplemented bits will be ignored.

MC68HCO5V12 —Rev. 1.0

Memory Map
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Memory Map
I/O and Control Registers

Port A Data Register $0000 Gauge Enable Register — GER $0020

Port B Data Register $0001 Scan Status & Control Reg — SSCR $0021

Port C Data Register $0002 Magnitude Register — MAJAL $0022

Port D Data Register $0003 Magnitude Register — MAJA2 $0023
Port A Data Direction Register $0004 Magnitude Register — MAJB1 $0024
Port B Data Direction Register $0005 Magpnitude Register — MAJB2 $0025
Port C Data Direction Register $0006 Magnitude Register — MINAL $0026
Unused $0007 Magnitude Register — MINA2 $0027

8-Bit Timer Status and Control $0008 Magnitude Register — MINB1 $0028
8-Bit Timer Counter Register $0009 Magnitude Register — MINB2 $0029
SPI Control Register $000A Magnitude Register — MINC1 $002A

SPI Status Register $000B Magpnitude Register — MINC2 $002B

SPI Data Register $000C Magnitude Register — MIND1 $002C
Unimplemented $000D Magnitude Register — MIND2 $002D
Unimplemented $000E Current Direction Register — DMAJA | $002E
Unimpleme