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SECTION 1
INTRODUCTION

The MC68HCO5P9 high-density complementary metal-oxide semiconductor
(HCMOS) microcontroller unit (MCU) is a member of the popular M68HCO05
Family of microcontrollers. This high-performance, low-cost MCU is a complete
system on a single chip. The MCU features include the foliowing:

1.1 Features

Popular M68HCO05 Central Processor Unit (CPU)
Memory-Mapped Input/Output (I/0) Registers

2112 Bytes of User ROM including 16 User Vector Locations
128 Bytes of Static RAM (SRAM)

20 Bidirectional 1/0 Pins and One Input-Only Pin
Synchronous Serial I/O Port (SIOP)

Fully Static Operation (No Minimum Clock Speed)

On-Chip Oscillator with Crystal/Ceramic Resonator Connections
16-Bit Capture/Compare Timer

Self-Check Mode

Four-Channel 8-bit A/D Converter

Power-Saving STOP, WAIT, and Data Retention Modes
Single 3.3-Volt to 5.0-Volt Power Requirement

8 x 8 Unsigned Multiply Instruction

28-Pin Dual-in-Line Package (DIP)

28-Pin Small Outline Integrated Circuit (SOIC)

The following mask options are available:

o Edge-Sensitive or Edge- and Level-Sensitive External Interrupt Trigger

e Most Significant Bit (MSB) First or Least Significant Bit (LSB) First Serial
Data Format

¢ Computer Operating Properly (COP) Watchdog Timer

Figure 1-1 shows the structure of the MC68HCO05P9 MCU.

MC68HCO5P9 INTRODUCTION MOTOROLA
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1.2 Structure
Figure 1-1 shows the architecture of the MC68HCO05P9 MCU.
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Figure 1-1. MC68HCO5P9 Block Diagram
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SECTION 2
PIN DESCRIPTIONS

Section 2 details the MC68HCO5P9 pin assignments and describes the function
of each pin.

\ 4
RESET (] 1 20 Vpp
Ra [ 2 2771 osct
PA7 [ 3 261 osc2
PAS [ 4 2511 PD7TCAP
PAS [] 5 241 TCMP
PA4 16 23] PDS
PA3 [] 7 21 PCO
PA2 [} 8 21 PC1
PA1 [} 9 200 Pc2
PAO ] 10 18 [1 PC3/AN3
PBs/SDO [ 11 18 [1 PC4/AN2
PBE/SDI [ 12 171 PCS/AN
PB7/SCK [ 13 16 [1 PCB/ANO
vgs 0 14 15 p PCTNRH

Figure 2-1. Pin Assignments

2.1 Vpp and Vss

Power is supplied to the MCU through Vpp and Vss. Vpp is the power supply,
and Vgs is ground. The MCU operates from a single 5-volt (nominal) power
supply.

Very fast signal transitions occur on the MCU pins. The short rise and fall times
place very high short-duration current demands on the power supply. To
prevent noise problems, take special care to provide good power supply
bypassing at the MCU. Use bypass capacitors with good high-frequency
characteristics, and position them as close to the MCU as possible. Bypassing
requirements vary, depending on how heavily the MCU pins are loaded.

MC68HCO05P9 PIN DESCRIPTIONS MOTOROLA
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2.2 OSC1 and 0OSC2

2.2.1

2.2.2

OSC1 and OSC2 are the control connections for the on-chip oscillator. The
OSC1 and OSC2 pins can accept the following:

e Acrystal (Refer to Figure 2-2.)
e A ceramic resonator (Refer to Figure 2-2.)
e An external clock signal (Refer to Figure 2-3.)

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

Crystal

The circuit in Figure 2-2 shows a typical crystal oscillator circuit for an AT-cut,
parallel resonant crystal. Follow the crystal supplier's recommendations, as the
crystal parameters determine the external component values required to
provide maximum stability and reliable start-up. The load capacitance values
used in the oscillator circuit design should include all stray layout capacitances.
Mount the crystal and components as close as possible to the pins for start-up
stabilization and to minimize output distortion.

Ceramic Resonator

In cost-sensitive applications, use a ceramic resonator in place of the crystal.
Use the circuit in Figure 2-2 for a ceramic resonator, and follow the resonator
manufacturer’'s recommendations, 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 layout capacitances.
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STOP

Figure 2-2. Crystal/Ceramic Resonator Connections

2.2.3 External Cilock

An external clock from another CMOS-compatible device can be connected to
the OSC1 input, with the OSC2 input not connected, as shown in Figure 2-3.

5TOP
0sC1 J)oscz
NOT CONNECTED
_ EXTERNAL
< CMOS CLOCK

Figure 2-3. External Clock Source Connections
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2.3 RESET

A logical zero on the RESET pin forces the MCU to a known start-up state.
(Refer to 4.1 Resets for more information.)

2.4 IRQ (External Interrupt Request)
IRQ is a dual-purpose pin with the following functions:

e Applying asynchronous external interrupts (Refer to 4.2 Interrupts.)
e Putting the MCU in self-check mode. (Refer to 9.1 Self-Check
Circuit.)

2.5 TCMP (Timer Compare)

The output compare feature of the capture/compare timer uses the TCMP pin for
output. (Refer to SECTION 6 CAPTURE/COMPARE TIMER for more
information.)

2.6 Parallel 1/0

The MCU's 20 1/O pins form four 1/O ports. Each I/O pin is programmable as an
input or an output. The contents of the data direction register (DDR) determine
the data direction for the port. Writing a logical one to a DDR bit enables the
output buffer for that pin; a logical zero disables the output buffer. A reset
initializes all implemented DDR bits to logical zero to put the pins in the input
mode.

NOTE

Connect any unused inputs and /O pins to an appropriate logical
level (e.g., either Vpp or Vssg). Although the 1/O ports do not
require termination for proper operation, termination is
recommended to reduce the possibility of electrostatic damage.

A reset does not initialize the four port data registers. The port data registers for
ports A, B, C, and D are at addresses $0000, $0001, $0002, and $0003,
respectively. To avoid undefined levels, write the data registers before writing
the DDR bits.

When a pin is programmed as an output, reading the associated port bit actually
reads the value of the output data latch and not the voltage on the pin itself.
When a pin is programmed as an input, reading the port bit reads the voltage
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level on the 1/O pin. The output data latch can always be written, regardless of
the state of its DDR bit. (Refer to Figure 2-4 for typical port circuitry, and to Table
2-1 for a summary of I/O pin functions.)

CONNECTIONS TO INTERNAL

DATA BUS

I\

DATA DIRECTION
REGISTER . 2
BIT

LATCHED
OUTPUT DATA 4]
BIT

\ €

[2

[1] This output buffer enables the latched output to drive the pin when DDR bit is 1

(output mode).

[2] This input buffer is enabled when DDR bit is 0 (input mode).
[3] This input buffer is enabled when DDR bitis 1 (output mode).

Figure 2-4. Parallel /O Port Circuit

Table 2-1. I/0 Pin Functions

R/W DDR /0 Pin Functions
0 0 The /O pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch, which drives the I/O pin.
1 0 The state of the I/O pin is read.
1 1 The /O pin is in output mode. The output data latch is read.

NOTE: RW is an internal signal.

MC68HCO5P9
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2.6.1 Port A

2.6.2

PA7-PA0 form an 8-bit general-purpose bidirectional 1/0 port. The contents of
data direction register A (DDRA) determine whether each pin is an input or an
output. Figure 2-5 shows the port A data register and DDRA.

PORTA — Port A Data Register $0000
Bit 7 6 5 4 3 2 1 Bit 0
| Pa7 | Pae | PaAs | PAa | PA3 | PA2 | PA1 | PA0 |
RESET: PORT DATA REGISTER NOT CHANGED BY RESET
DDRA — Data Direction Register A $0004
Bit 7 6 5 4 3 2 1 Bit 0
| DDRA7 | DDRA6 | DDRAS | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO |
RESET: 0 0 0 0 0 0 0 0

Figure 2-5. Port A Data Register and DDRA

DDRA7-DDRAQ — Port A Data Direction Bits
These read/write bits determine whether the PA7—-PAOQ pins are inputs or
outputs.
1 = Corresponding port pin configured as output
0 = Corresponding port pin configured as input

Port B and Serial 1/0 Port (SIOP)

PB7/SCK (serial clock), PB6/SDI (serial data input), and PB5/SDO (serial data
output) form a 3-bit shared function I/O port. Port B can be either the SIOP or a
general-purpose I/O port. Figure 2-6 shows the port B data register and data
direction register B (DDRB). Bits 4-0 of these registers are not implemented.
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PORTB — Port B Data Register $0001

Bit 7 6 5 4 3 2 1 Bit 0
[PB7/sck|PBe/sDi|PBsSSDO] o | o [ o | o | o |
RESET: PORT DATA REGISTER NOT CHANGED BY RESET
DDRB — Data Direction Register B $0005
Bit 7 6 5 4 3 2 1 Bit 0
[oore7 [oDores [DORBS | 1 | 1 | 1 | 1 | 1 |
RESET: 0 0 0 0 0 0 0 0

Figure 2-6. Port B Data Register and DDRB

DDRB7-DDRB5 — Port B Data Direction Bits
These read/write bits determine whether the PB7-PB5 pins are inputs or
outputs.
1 = Corresponding port pin configured as output
0 = Corresponding port pin configured as input

The SIOP is a three-wire master/slave system. When the SIOP is enabled, SCK
serves as a clock output in master mode or as a clock input in slave mode. SDI
is the serial data input, and SDO is the serial data output. User software can
change the settings of DDRB7-5 to override these defaults if necessary.

A factory-set mask option selects either an MSB first or an LSB first SIOP data
format.

Use these same pins as a general-purpose /O port when the SIOP system is
disabled. DDRB7-5 determine the data direction through the port B pins (input
or output).

2.6.3 Port C and Analog-to-Digital Converter
Port C, as an 8-bit shared function port, shares five of its pins with the
analog-to-digital (A/D) converter. When the A/D converter is not enabled, PC7-
PCO form an 8-bit general-purpose bidirectional I/O port. The contents of data
direction register C (DDRC) determine whether each pin is an input or an
output.
When the A/D converter is enabled, PC7 becomes VRrH, and PC6—-PC3 become
AN3-ANO (analog inputs 3-0). The values of CH1 and CHO in the A/D status
MC68HCO05P9 PIN DESCRIPTIONS MOTOROLA
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and control register (ADSCR) select one of the four pins as the input to the A/D
converter. When the A/D converter is enabled, a digital read of port C gives a
logical zero from the selected analog input pin. A digital read of port C's
remaining pins gives their correct digital values. VRH is the positive (high)
reference voltage for the A/D converter. Vgg is the negative (low) reference
voltage. A reset turns off the A/D converter and configures port C as a
general-purpose /0 port. (Refer to SECTION 8 ANALOG-TO-DIGITAL
CONVERTER.)

PORTC — Port C Data Register $0002
Bit7 6 5 4 3 2 1 Bit 0
| Pc7/ven | Pce/ANO | PCs/ANt | Pc4/aN2 [Pca/aN3| P2 | pct | Pco |
RESET: PORT DATA REGISTER NOT CHANGED BY RESET
DDRC — Data Direction Register C $0006
Bit7 6 5 4 3 2 1 Bit 0
| bbRC7 | DDRC6 | DDRCs | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO |
RESET: 0 0 0 0 0 0 0 0

Figure 2-7. Port C Data Register and DDRC

DDRC7-DDRCO — Port C Data Direction Bits
These read/write bits determine whether the PC7-PCO pins are inputs or
outputs.
1 = Corresponding port pin configured as output
0 = Corresponding port pin configured as input

2.6.4 Port D and Timer Capture (TCAP)

PD7/TCAP and PD5 form a 2-bit special function I/O port. The PD7/TCAP pin
serves as both the edge-detecting input capture line for the capture/compare
timer and as a general-purpose digital input. PD7/TCAP can be used as a
digital input even when the timer is using it as the input capture pin. There is no
output driver associated with the PD7/TCAP pin. PD5 is a general-purpose
digital I/O pin whose direction is controlled by bit 5 of data direction register D
(DDRD). Figure 2-8 shows the port D data register and DDRD.
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PORTD — Port D Data Register $0003

Bit 7 6 5 4 3 2 1 Bit 0
fpo7reaP| o | Pos | 1 o | o | o | o |
RESET: PORT DATA REGISTER NOT CHANGED BY RESET
DDRD — Data Direction Register D $0007
Bit 7 6 5 4 3 2 1 Bit 0
[ o [ o Jooross] o | o [ o | o | o |
RESET: 0 0 0 0 0 0 0 0

Figure 2-8. Port D Data Register and DDRD

DDRDS — Port D Data Direction Bit
This read/write bit determines whether the PD5 pin is an input or an output.
1 = PD5 configured as output
0 = PDS5 configured as input
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SECTION 3
CENTRAL PROCESSOR UNIT

This section describes the registers, instruction set, and addressing modes of
the M68HCO05 central processor unit (CPU). The STOP and WAIT modes,
initiated by software instructions, are also described here.

The M68HCO05 CPU executes all instructions of the earlier M6805 and
M146805 instruction sets and is upgraded to include an 8 x 8 bit unsigned
multiply instruction.

3.1 CPU Registers
The CPU contains the following registers:

Accumulator (A)

Index register (X)

Stack pointer (SP)

Program counter (PC)
Condition code register (CCR)

These registers are hard-wired within the CPU and are not part of the memory
map. Figure 3-1 is a block diagram of the MC68HC05 CPU.

i 10aic T
CONTROL i

M68HCO05 CPU
CPU REGISTERS

[ ACCUMUGIATOR |

[ WoEXREGSTER |

[eToJe 0[] [T ] STACKPOWTER ]
[eToTo] PROGRAM COUNTER ]
CONDITION CODE REGISTER [TTT D [N [T IN [21¢ |

Figure 3-1. CPU Block Diagram
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Figure 3-2 shows the five CPU registers.

7 ACCUMULATOR
1 | 1 1

L 1

7 WNDEXREGISTER
1 1 1

7 5

L

STACKPOINTER
'] 1 1 1

15 12 0
ololo] = PROGRAMCOUNTER PC
] 4 1 1 11 4 I . [ 1 [ [
7 4 3 2 1 0
CONDITIONCODEREGISTER | 1 | 1| 1 | H :I :N;Z "¢ | cer
| l—CARRY/BORROW BIT
ZEROBIT
NEGATIVE BIT
INTERRUPT MASK
HALF-CARRY BIT

Figure 3-2. Programming Model

3.1.1 Accumulator (A)

The accumulator is a general-purpose 8-bit register. The CPU uses the
accumulator to hold operands and results of arithmetic and nonarithmetic
operations. (Refer to Figure 3-3.)

7 ACCUMULATOR o0 | A
1 1 1

Figure 3-3. Accumulator (A)

3.1.2 Index Register (X)
The 8-bit index register can perform two functions:

¢ Indexed addressing
e Temporary storage

MOTOROLA
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In indexed addressing with no offset, the index register contains the low byte of
the operand address, and the high byte is assumed to be $00. In indexed
addressing with an 8-bit offset, the CPU finds the operand address by adding
the index register contents to an 8-bit immediate value. In indexed addressing
with a 16-bit offset, the CPU finds the operand address by adding the index
register contents to a 16-bit immediate value. (Refer to 3.3 Addressing
Modes.)

The index register can also serve as an auxiliary accumulator for temporary
storage. (Refer to Figure 3-4.)

7 NDEXREGSTER 0 | X
1 1 1 1

1 L |

Figure 3-4. Index Register (X)

3.1.3 Stack Pointer (SP)

The stack pointer is a 13-bit register that contains the address of the next free
location on the stack. During a reset or after the reset stack pointer (RSP)
instruction, the stack pointer contents are set to $FF. The address in the stack
pointer is decremented as data is pushed onto the stack and incremented as
data is pulled from the stack.

When accessing memory, the seven most significant bits of the stack pointer are
permanently set to 0000011. (Refer to Figure 3-5.) These seven bits are
appended to the six least significant register bits to produce an address within
the range of $00FF-$00C0. Subroutines and interrupts may use up to 64
locations. If 64 locations are exceeded, the stack pointer wraps around and
writes over the previously stored information. A subroutine call occupies two
locations on the stack; an interrupt uses five locations.

12 7 5 Y

olololololl 1]1 " STACKPOINTER P
. { L { )

Figure 3-5. Stack Pointer (SP)
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3.1.4 Program Counter (PC)

The program counter is a 13-bit register that contains the address of the next
instruction or operand to be fetched. Because addresses are often 16-bit
values, the program counter may be thought of as having three additional upper
bits that are always zeros. (Refer to Figure 3-6.)

15 2 0
ofo{of ~ PROGRAMCOLNTER | Pc

L 1 1 ] Ll ! L 1 1 L 1 1

Figure 3-6. Program Counter (PC)

Normally, the address in the program counter increments to the next sequential
memory location every time an instruction or operand is fetched. Jump, branch,
and interrupt operations load the program counter with an address other than
that of the next sequential location.

3.1.5 Condition Code Register (CCR)

The 5-bit condition code register uses four bits to indicate the results of the
instruction just executed. A fifth bit is the interrupt mask. (Refer to Figure 3-7.)
These bits can be individually tested by a program, allowing specific actions as
a result of their states. Consider the condition code register as having three
additional upper bits that are always ones.

7 4 8 2 1 0
t11{1]w 1 N z ¢c| ccnr
) ) ) 1
| l—cmawaonnow BIT

ZEROBIT
NEGATIVE BIT
INTERRUPT MASK
HALF-CARRY BIT

Figure 3-7. Condition Code Register (CCR)

The following paragraphs explain the functions of the lower five bits of the
condition code register.
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3.1.5.1 Half-Carry Bit (H Bit)

When the half-carry bit is set, it means that a carry occurred between bits 3 and
4 of the accumulator during the last ADD or ADC operation. The half-carry bit is
required for binary-coded decimal (BCD) arithmetic operations.

3.1.5.2 Interrupt Mask (I Bit)

When the interrupt mask is set, timer interrupts and external interrupts are
disabled. Interrupts are enabled when the interrupt mask is cleared. When an
interrupt occurs, the interrupt mask is automatically set after the CPU registers
are saved on the stack, b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>