
 

MC68HC05X4/D  Rev 1.0

 

MC68HC05X4
MC68HC705X4

 

HCMOS Microcontroller Unit

 

TECHNICAL DATA

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

MC68HC05X4   Rev 1.0

List of Sections

 

List of Sections

 

List of Sections

 

List of Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3

Table of Contents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9

Modes of Operation and Pin Descriptions . . . . . . . . . .  13

CPU. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29

Resets, Interrupts and Low Power Modes . . . . . . . . . . .  49

Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59

Parallel input/output ports . . . . . . . . . . . . . . . . . . . . . . .  65

Motorola CAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71

Core Timer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105

16-Bit Programmable Timer . . . . . . . . . . . . . . . . . . . . .  111

Electrical Characteristics . . . . . . . . . . . . . . . . . . . . . . .  127

Mechanical Dimensions and Ordering Information .  133

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  137

Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  149

Literature Updates. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  155

 

© Motorola, Inc., 1998

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

List of Sections

 

MC68HC05X4   Rev 1.0

List of Sections

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

MC68HC05X4  Rev 1.0 

Table of Contents

 

Table of Contents

 

Table of Contents

 

Table of Contents

Introduction Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
Mask options on the MC68HC05X4 . . . . . . . . . . . . . . . . . . . . . . . . . .11
Mask options on the MC68HC705X4 . . . . . . . . . . . . . . . . . . . . . . . . .12

Modes of Operation 
and Pin Descrip-
tions

Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
Single chip mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
Bootloader modes for the MC68HC05X4 and MC68HC705X4  . . . . .15
Pin descriptions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24

CPU Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .29
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30
CPU Registers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30
Arithmetic/Logic Unit (ALU)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34
Instruction Set Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34
Addressing Modes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34
Instruction Types  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .37
Instruction Set Summary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .42

Resets, Interrupts 
and Low Power 
Modes

Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49
Resets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49
Interrupts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51
Low power modes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55

Memory Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59
Memory map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59
RAM  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59
Non-volatile memory (NVM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .60
MCU registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .62
MCAN registers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .63

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

Table of Contents

 

MC68HC05X4  Rev 1.0

Table of Contents

 

Parallel input/output 
ports

Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65
Input/output programming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66
Port A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66
Port B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67
Port registers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .68

Motorola CAN Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .71
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72
TBF – Transmit buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
RBF – Receive buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
Interface to the MC68HC05X4 CPU . . . . . . . . . . . . . . . . . . . . . . . . . .77
Interface to the MCAN bus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .100
Sleep mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .102

Core Timer Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .105
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .105
Real time interrupts (RTI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .107
Computer operating properly (COP) watchdog timer . . . . . . . . . . . .107
Core timer registers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .108
Core timer during WAIT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .110
Core timer during STOP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .110

16-Bit Programma-
ble Timer

Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .111
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .111
Port configuration register (PCR)  . . . . . . . . . . . . . . . . . . . . . . . . . . .112
Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .114
Counter registers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .114
Timer functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .116
Timer during WAIT mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .122
Timer during STOP mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .122
Timer state diagrams  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .123

Electrical Character-
istics

Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .127
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .127
Maximum ratings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .128
Thermal characteristics and power considerations . . . . . . . . . . . . . .128
DC electrical characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .130
AC electrical characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .132

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

Table of Contents

 

MC68HC05X4  Rev 1.0 

Table of Contents

 

Mechanical Dimen-
sions and Ordering 
Information

Contents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
28-pin SOIC package  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
Ordering information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

Literature Updates Literature Distribution Centers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Customer Focus Center  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
Mfax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
Motorola SPS World Marketing World Wide Web Server . . . . . . . . 156
Microcontroller Division’s Web Site . . . . . . . . . . . . . . . . . . . . . . . . . 156

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

Table of Contents

 

MC68HC05X4  Rev 1.0

Table of Contents

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

MC68HC05X4  Rev 1.0

Introduction

 

Introduction

 

General Description

 

Contents

 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Mask options on the MC68HC05X4 . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Mask options on the MC68HC705X4 . . . . . . . . . . . . . . . . . . . . . . . . . 12

Mask option register (MOR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

 

Introduction

 

The MC68HC05X4 with on-board controller area network (CAN) module 
is designed around the industry standard M68HC05 CPU core with its 
familiar and efficient instruction set. The Motorola CAN module (MCAN) 
is complete with line interface circuitry, comprising output drivers, input 
comparators and a V

 

DD

 

/2 generator. The module can handle all the 
communication transactions flowing across a serial bus structure with 
minimal CPU intervention. Other features of the device include a 16-bit 
programmable timer, a 15-stage multi-purpose core timer and a 
computer operating properly (COP) watchdog timer. The MC68HC05X4 
has two modes of operation, namely single chip and bootloader mode.

This data sheet covers both the MC68HC05X4 ROM based device and 
the equivalent EPROM based 

 

MC68HC705X4

 

 device. All references in 
the text to the MC68HC05X4 apply equally to the 

 

MC68HC705X4

 

, 
unless otherwise stated. 

 

References specific to the MC68HC705X4 are 
italicised in the text.
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Features

 

• Fully static design featuring the industry standard M68HC05 core

• On-chip oscillator with divide-by-2 or divide-by-10 option

• 4096 bytes of ROM (MC68HC05X4); 

 

4096 bytes EPROM 
(MC68HC705X4)

 

• 176 bytes of RAM

• Single chip and bootloader modes of operation

• Power saving STOP and WAIT modes

• Motorola controller area network module (MCAN) with line 
interface circuitry (output drivers, input comparators, V

 

DD

 

/2 
generator)

• Extended temperature range:  – 40

 

°

 

C to +125

 

°

 

C

• 16-bit programmable timer with input capture and output compare

• Multi-purpose core timer with computer operating properly (COP) 
watchdog and real time interrupt (RTI)

• Four hardware and one software interrupt sources

• 16 bi-directional I/O lines with wired-OR interrupt (WOI) capability

• Mask options for oscillator division ratio and COP disable

• 28-pin SOIC package
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Introduction

 

Mask options on the MC68HC05X4

 

There are two mask options on the MC68HC05X4. These bits are 
programmed during manufacture and must be specified on the order 
form.

• Oscillator division ratio selection (divide-by-2 or divide-by-10)

• COP watchdog timer (enable/disable)

 

Figure 1. Functional block diagram

Po
rt 

A

PA0
PA1
PA2
PA3
PA4
PA5
PA6
PA7

Po
rt 

B

PB0
PB1
PB2
PB3
PB4
PB5
PB6
PB7/TCMP

16-bit 
programmable

timer 

Oscillator

176 bytes
RAM

COP watchdog

VDD
VSS

OSC1
OSC2

M68HC05
CPU

÷ 2 / ÷ 10

239 bytes

user ROM/EPROM
4112 bytes

bootstrap ROM

(including 16 bytes
user vectors)

Line
interface MCAN

VDDH
TX0
TX1
RX0
RX1

VSS1

MDS/TCAP(VPP)
RESET

 

3-intro

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

Introduction

 

MC68HC05X4  Rev 1.0

Introduction

 

Mask options on the MC68HC705X4

 

The same options as for the MC68HC05X4 are available on the 

 

MC68HC705X4

 

 device. These options must be programmed into the 
mask option register (MOR), at EPROM address $1F00, via the 
bootloader mode prior to operating the device in single chip mode. The 
MOR is latched in at reset in single chip mode to allow emulation of the 
masked ROM part. It is recommended that all unused bits in this register 
are written as ‘0’.

 

Mask option 
register (MOR)

 

This register may

 

 

 

be written to only in bootloader mode.

 

  

 

DIV2 — Oscillator 
division ratio

 

1 = Selects divide-by-2 option.
0 = Selects divide-by-10 option.

 

NOTE:

 

The divide-by-10 option is forced during t

 

PORL

 

 (applies only to the 
MC68HC705X4).

 

COP — Computer 
operating 
properly 
enable/disable

 

1 = Disables COP.
0 = Enables COP.

 

Address: $1F00

Bit 7 6 5 4 3 2 1 Bit 0

DIV2 0 0 COP

Reset: – – – – 0 0 0 0

 

Figure 2. Mask Option Register (MOR)
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Introduction

 

The MC68HC05X4 has two modes of operation: single chip and 
bootloader. 

 

Table 1

 

 shows the conditions required to enter each mode 
on the rising edge of RESET. 

 

Table 1. Operating mode entry conditions
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Modes of Operation and Pin Descriptions

 

Single chip mode

 

This is the normal operating mode of the MC68HC05X4. In this mode the 
device functions as a self-contained microcomputer with all on-board 
peripherals, including the two 8-bit I/O ports available to the user.

 

NOTE:

 

For the MC68HC705X4 all vectors are fetched from EPROM (locations 
$1FF0–$1FFF) in single chip mode; therefore, the EPROM must be 
programmed (via the bootloader mode) before the device is powered up 
in single chip mode. The mask option register is loaded from the EPROM 
($1F00) on reset so that emulation of mask programmable features is 
possible.

 

Single chip mode is entered on the rising edge of RESET if the voltage 
level on the MDS/TCAP

 

(VPP)

 

 pin is within the normal operating range.

 

Bootloader modes for the MC68HC05X4 and MC68HC705X4

 

The entry conditions for these modes are identical. The bootloader mode 
on the 

 

MC68HC705X4

 

 is therefore a direct replacement for that on the 
MC68HC05X4.

Bootloader mode is entered on the rising edge of  RESET if the 
MDS/TCAP(

 

VPP) 

 

pin is at 2 x V

 

DD

 

, the PB7 pin is at logic zero and the 
PB1 pin at logic one, as shown in 

 

Table 1

 

.

 

NOTE:

 

In order to program the EPROM correctly on the MC68HC705X4 the 
MDS/TCAP(VPP) pin must be at the appropriate voltage  – see 

 

DC 
electrical characteristics

 

.

 

Bootloader Mode 
for the 
MC68HC05X4

 

This mode allows the user to use his own test routines for the device by 
providing a simple ‘RAM load and execute’ routine in ROM.

To make use of this feature a circuit board should be constructed as 
shown in Figure 1. It is then possible, by correctly configuring port pins 
PA2 and PA3, to load a user program into RAM and then to run it. The 
following sections explain the functions of this mode.

 

2-modes
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Modes of Operation and Pin Descriptions

 

NOTE:

 

‘RAMST’ = the address of the first byte of RAM =$0050
‘BTROM’ = the address of the first byte of Bootloader ROM = $1F01

 

Figure 1. MC68HC05X4 bootloader circuit

PA0
PA1
PA2
PA3
PA4
PA5
PA6
PA7

PB0
PB1
PB2
PB3
PB4
PB5
PB6
PB7

Overrun error

VDD

VDD

VDD2 x VDD

MDS/VPP

VDD

RESET

VSS

6
7
8
9
10
11
12
13

22
23
24
25
26
27
28
1

VDD

18 pF 18 pF

OSC1

OSC2

3

4

15

2

14

1.5 kΩ

5

RXD TXD

PA3 PA2 Mode
X 0 Test port B
0 1 Execute user code
1 1 Load user code

Note:

• All resistors are 10 kΩ unless otherwise 
specified

• For 9600 baud operation, crystal should be 20 
MHz (with divide-by-10 option selected)
or 4 MHz (for divide-by-2 option)

MC68HC05X4

VDD

 

3-modes

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



 

Modes of Operation and Pin Descriptions

 

MC68HC05X4  Rev 1.0

Modes of Operation and Pin Descriptions

 

Bootloader data 
format

 

Serial data byte format is 8 data bits, no parity, one stop bit. The baud 
rate for both transmission and reception will be 9600 for a bus frequency 
(f

 

OP

 

) of 2MHz.

Serial data packet format is:

(count) (byte 0) (byte 1) . . . (byte (count – 2))

Program execution will automatically commence after the last byte is 
received.

Port A pins are used as follows:

PA0 Serial receive data (RXD) – 9600 baud at fOP = 2MHz

PA1 Serial transmit data (TXD) – 9600 baud at fOP = 2MHz

PA2 ‘High’ Program enters load/execute mode.

‘Low’ Bootloader program runs a simple test routine which 
outputs the contents of the user ROM to port B one byte at a time.

PA3 (This bit is read only if PA2 is ‘High’.)

‘High’ Load – bootloader routine waits for a serial byte. The 
first byte received is the total byte count (COUNT) for the message. The 
serial bytes received are loaded, starting at RAMST + 1. When all the 
bytes have been downloaded the program will automatically begin 
executing from RAMST + 1. The program will sit in a Wait loop 
indefinitely if fewer than ‘COUNT’ bytes are received.

‘Low’ Execute – The program passes control to RAMST +1. 
This can be used to allow Port A to be tested (using a user generated 
routine) as follows:

Download program into RAM with PA3 = ‘High’, but 
ensuring that ‘COUNT’ is greater than the number of bytes to be 
transferred. Now, while the MCU is waiting for further bytes to arrive, apply 
a reset signal. Whilst holding RESET low, connect port A as required for 
testing, then release RESET. The test program in RAM will now test port A.

PA4 ‘High’ This indicates normal operation.

‘Low’ This bit is cleared if an overrun error occurs. The device 
should be reset if this happens.

 

4-modes
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5-modes

 

Bootloader 
routines

 

The program in bootloader ROM contains the following routines, which 
are accessed through a jump table at the start of the bootloader program 
(all routines end with an RTS instruction):

Receive serial byte from user (address:  BTROM + 3) 

This routine allows a serial byte to be read from PA0. The data read is 
written directly into memory, using the index register as an offset from 
the address of the first byte of RAM.

Transmit serial byte to user (address:  BTROM + 6) 

This routine allows the contents of the accumulator to be transmitted via 
PA1.

Examine user memory byte (address:  BTROM + 9) 

This routine reads two bytes from the serial receive pin (RXD). These 
are taken to be the upper and lower address bytes of the location to be 
examined. The address is then read and transmitted through the serial 
transmit pin (TXD).
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Bootloader mode 
for the 
MC68HC705X4

 

This mode is used for programming the on-board EPROM and mask 
option register. In bootloader mode the operation of the device is the 
same as in single chip mode, except that the vectors are fetched from 
the bootloader ROM (locations $1F01 to $1FEF) instead of the EPROM. 
The pin assignments are therefore identical to that of single chip mode 
shown earlier.  Because the addresses in the 

 

MC68HC705X4 and the 

Figure 2. MC68HC05X4 bootloader flowchart
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7-modes

EPROM containing the user code are incremented independently it is 
essential that the data layout in the 2764 EPROM conforms exactly to 
the MC68HC705X4 memory map.

The bootloader uses an external 12-bit counter with a clock and a reset 
function to address the memory device containing the code to be copied. 
The 12-bit counter can address up to 4K bytes of memory therefore a 
port pin must be used to address the additional memory space.

NOTE: In bootloader mode the device will always default to the divide-by-10 
option for the oscillator division ratio.

EPROM 
programming 
register

All necessary manipulation of this register is carried out automatically by 
the bootloader routine.   

ELAT — EPROM address and data latch
1 = Configures EPROM address and data buses for programming.
0 = Configures EPROM address and data buses for normal 

operation.

EPGM — EPROM programming power control
1 = Switches EPROM programming power on.
0 = Switches EPROM programming power off.

A byte of EPROM is programmed using the following sequence:

– set ELAT

– write data to the desired EPROM address

– set EPGM for time tPROG

– clear EPGM/ELAT

Address: $1G00

Bit 7 6 5 4 3 2 1 Bit 0

0 0 0 0 0 ELAT 0 EPGM

Reset: 0 0 0 0 0 0 0 0

Figure 3. EPROM Programming Register (EPROG)

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



Modes of Operation and Pin Descriptions

MC68HC05X4  Rev 1.0

Modes of Operation and Pin Descriptions

Bootloader 
functions

The bootloader code deals with the copying of user code from an 
external EPROM into the on-chip EPROM. The bootloader function can 
only be used with an external EPROM. The bootloader performs a 
programming pass and then does a verify pass.

Pins PB3 and PB4 are used to select various bootloader functions, 
including the programming mode (see Figure 4). Two other pins, PB1 
and PB6, are used to drive the PROG and VERF LED outputs. While the 
EPROM is being programmed the PROG LED flashes and when 
programming is complete the VERF LED flashes.       

8-modes
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9-modes

Figure 4. MC68HC705X4 EPROM programming circuit
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Figure 5. MC68HC705X4 bootloader flowchart
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11-modes

Pin descriptions

VDD and VSS Power is supplied to the microcomputer via these two pins. VDD is the 
positive supply and VSS is ground.

It is in the nature of CMOS designs that very fast signal transitions occur 
on the MCU pins.  These short rise and fall times place very high 
short-duration current demands on the power supply. To prevent noise 
problems, special care must be taken to provide good power supply 
by-passing at the MCU. By-pass capacitors should have good 
high-frequency characteristics and be as close to the MCU as possible. 
By-passing requirements vary, depending on how heavily the MCU pins 
are loaded.

Figure 6. 28-pin SOIC pinout
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MDS/TCAP(VPP) During reset this pin is used as a mode select input (MDS) to determine 
the operating mode. It also serves as the input capture (TCAP) pin for 
the 16-bit programmable timer. In addition it is the EPROM programming 
voltage input pin (VPP) for the MC68HC705X4 device.

OSC1/OSC2 These pins provide control input for an on-chip clock oscillator circuit. A 
crystal, ceramic resonator or external clock signal connected to these 
pins provides the oscillator clock. The oscillator frequency (fOSC) is 
divided by 2 or by 10, chosen via a mask option, to provide the internal 
bus frequency (fOP).

System clocks The MCU and MCAN system clocks are obtained as shown in the 
Figure 7.

Crystal The circuit shown in Figure 8(a) is recommended when using a crystal. 
The internal oscillator is designed to interface with an AT-cut 
parallel-resonant quartz crystal resonator in the frequency range 
specified for fosc (refer to DC electrical characteristics). Use of an 
external CMOS oscillator is recommended when crystals outside the 
specified ranges are to be used. The crystal and components should be 
mounted as close as possible to the input pins to minimise output 
distortion and start-up stabilization time.

Figure 7. Oscillator block diagram
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13-modes

Ceramic 
resonator

A ceramic resonator may be used instead of the crystal in cost-sensitive 
applications. The circuit in Figure 8(a) is recommended when using a 
ceramic resonator. The manufacturer of the particular ceramic resonator 
being considered should be consulted for specific information. This 
option is recommended only for applications that operate at an external 
clock frequency of 8MHz or less. Any application requiring an external 
operating frequency greater that 8MHz should use either a crystal 
oscillator or an external CMOS compatible clock source.

External clock An external clock should be applied to the OSC1 input with the OSC2 pin 
not connected, as shown in Figure 8(c). The tOXOV specification does not 
apply when using an external clock input. The equivalent specification of 
the external clock source should be used in lieu of tOXOV.   

Figure 8. Oscillator connections
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(a) Crystal/ceramic resonator
oscillator connections

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



Modes of Operation and Pin Descriptions

MC68HC05X4  Rev 1.0

Modes of Operation and Pin Descriptions

RESET This active low input pin is used to reset the MCU. Applying a logic zero 
to this pin forces the device to a known start-up state. An external 
RC-circuit can be connected to this pin to generate a power-on reset 
(POR) if required. In this case, the time constant must be great enough 
(minimum 100 ms) to allow the oscillator circuit to stabilise. This input 
has an internal Schmitt trigger to improve noise immunity.

PA0–PA7/PB0–PB7 These sixteen I/O lines comprise ports A and B. The state of any pin is 
software programmable and all port A and B lines are configured as 
inputs at reset. 

When the 16-bit programmable timer is enabled (via the TIMEN bit in the 
port configuration register) the PB7/TCMP pin is used for the TCMP 
output compare function instead of for the port pin. When the current 
value of the 16-bit timer counter matches the value held in the output 
compare register then the level specified by the OLVL bit in the timer 
control register is clocked out to the TCMP pin.

VDDH This pin provides the high voltage reference output for the CAN bus. The 
output voltage is equal to VDD/2.

VSS1 This pin is the ground connection for the input comparator of the CAN bus.

RX0/RX1 These input pins connect the physical bus lines to the input comparator 
(receive). When the MCAN is in SLEEP mode, a ‘dominant’ level on 
these pins will waken it.

TX0/TX1 These output pins connect the output drivers of the MCAN to the 
physical bus lines (transmit).

NOTE: CAN bus lines. The bus can have one of two complementary values – 
‘dominant’ or ‘recessive’. During simultaneous transmission of ‘dominant’ 
and ‘recessive’ bits the resulting bus value will be ‘dominant’. For example, 
with a positive logic wired-AND implementation of the bus, the ‘dominant’ 
level would correspond to a logic ‘0’, and the ‘recessive’ level to a logic ‘1’.
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CPU

MC68HC05X4 

CPU

Introduction

This chapter describes the CPU registers and the HC05 instruction set.

CPU Registers

Figure 1 shows the five CPU registers. CPU registers are not part of the 
memory map.

Accumulator The accumulator is a general-purpose 8-bit register. The CPU uses the 
accumulator to hold operands and results of arithmetic and 
non-arithmetic operations.

Figure 1. Programming Model

ACCUMULATOR (A)A

INDEX REGISTER (X)X

SP1 10 00 0 00 00

PCLPCH

Z CI N1 H1 1

047 5

CONDITION CODE REGISTER (CCR)

PROGRAM COUNTER (PC)

STACK POINTER (SP)

07815

15 5

7

7

0

0

0

HALF-CARRY FLAG

INTERRUPT MASK

NEGATIVE FLAG

ZERO FLAG

CARRY/BORROW FLAG

10

6

2--cpu
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Index Register In the indexed addressing modes, the CPU uses the byte in the index 
register to determine the conditional address of the operand.

The 8-bit index register can also serve as a temporary data storage 
location.

Stack Pointer The stack pointer is a 16-bit register that contains the address of the next 
location on the stack. During a reset or after the reset stack pointer 
(RSP) instruction, the stack pointer is preset to $00FF. The address in 
the stack pointer decrements as data is pushed onto the stack and 
increments as data is pulled from the stack.

The ten most significant bits of the stack pointer are permanently fixed 
at 000000011, so the stack pointer produces addresses from $00C0 to 
$00FF. If subroutines and interrupts use more than 64 stack locations, 
the stack pointer wraps around to address $00FF and begins writing 
over the previously stored data. A subroutine uses two stack locations. 
An interrupt uses five locations.

Bit 7 6 5 4 3 2 1 Bit 0

Reset: Unaffected by reset

Figure 2. Accumulator

Bit 7 6 5 4 3 2 1 Bit 0

Reset: Unaffected by reset

Figure 3. Index Register

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0

0 0 0 0 0 0 0 0 1 1

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Figure 4. Stack Pointer

3-cpu
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Program Counter The program counter is a 16-bit register that contains the address of the 
next instruction or operand to be fetched. The two most significant bits 
of the program counter are ignored internally.

Normally, the address in the program counter automatically 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.

Condition Code 
Register

The condition code register is an 8-bit register whose three most 
significant bits are permanently fixed at 111. The condition code register 
contains the interrupt mask and four flags that indicate the results of the 
instruction just executed. The following paragraphs describe the 
functions of the condition code register.

Half-Carry Flag

The CPU sets the half-carry flag when a carry occurs between bits 3 and 
4 of the accumulator during an ADD or ADC operation. The half-carry 
flag is required for binary-coded decimal (BCD) arithmetic operations.

Interrupt Mask

Setting the interrupt mask disables interrupts. If an interrupt request 
occurs while the interrupt mask is logic zero, the CPU saves the CPU 
registers on the stack, sets the interrupt mask, and then fetches the 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0

– –

Reset – – Loaded with vector from $3FFE AND $3FFF

Figure 5. Program Counter

Bit 7 6 5 4 3 2 1 Bit 0

1 1 1 H I N C Z

Reset 1 1 1 U 1 U U U

Figure 6. Condition Code Register

4-cpu
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interrupt vector. If an interrupt request occurs while the interrupt mask is 
set, the interrupt request is latched. Normally, the CPU processes the 
latched interrupt as soon as the interrupt mask is cleared again.

A return from interrupt (RTI) instruction pulls the CPU registers from the 
stack, restoring the interrupt mask to its cleared state. After any reset, 
the interrupt mask is set and can be cleared only by a software 
instruction.

Negative Flag

The CPU sets the negative flag when an arithmetic operation, logical 
operation, or data manipulation produces a negative result.

Zero Flag

The CPU sets the zero flag when an arithmetic operation, logical 
operation, or data manipulation produces a result of $00.

Carry/Borrow Flag

The CPU sets the carry/borrow flag when an addition operation 
produces a carry out of bit 7 of the accumulator or when a subtraction 
operation requires a borrow. Some logical operations and data 
manipulation instructions also clear or set the carry/borrow flag.

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



CPU

MC68HC05X4 

CPU

Arithmetic/Logic Unit (ALU)

The ALU performs the arithmetic and logical operations defined by the 
instruction set.

The binary arithmetic circuits decode instructions and set up the ALU for 
the selected operation. Most binary arithmetic is based on the addition 
algorithm, carrying out subtraction as negative addition. Multiplication is 
not performed as a discrete operation but as a chain of addition and shift 
operations within the ALU. The multiply instruction (MUL) requires 11 
internal clock cycles to complete this chain of operations.

Instruction Set Overview

The MCU instruction set has 62 instructions and uses eight addressing 
modes. The instructions include all those of the M146805 CMOS Family 
plus one more: the unsigned multiply (MUL) instruction. The MUL 
instruction allows unsigned multiplication of the contents of the 
accumulator (A) and the index register (X). The high-order product is 
stored in the index register, and the low-order product is stored in the 
accumulator.

Addressing Modes

The CPU uses eight addressing modes for flexibility in accessing data. 
The addressing modes provide eight different ways for the CPU to find 
the data required to execute an instruction. The eight addressing modes 
are:

• Inherent

• Immediate

• Direct

• Extended

• Indexed, no offset

6-cpu
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• Indexed, 8-bit offset

• Indexed, 16-bit offset

• Relative

Inherent Inherent instructions are those that have no operand, such as return 
from interrupt (RTI) and stop (STOP). Some of the inherent instructions 
act on data in the CPU registers, such as set carry flag (SEC) and 
increment accumulator (INCA). Inherent instructions require no operand 
address and are one byte long.

Immediate Immediate instructions are those that contain a value to be used in an 
operation with the value in the accumulator or index register. Immediate 
instructions require no operand address and are two bytes long. The 
opcode is the first byte, and the immediate data value is the second byte.

Direct Direct instructions can access any of the first 256 memory locations with 
two bytes. The first byte is the opcode, and the second is the low byte of 
the operand address. In direct addressing, the CPU automatically uses 
$00 as the high byte of the operand address.

Extended Extended instructions use three bytes and can access any address in 
memory. The first byte is the opcode; the second and third bytes are the 
high and low bytes of the operand address.

When using the Motorola assembler, the programmer does not need to 
specify whether an instruction is direct or extended. The assembler 
automatically selects the shortest form of the instruction.

Indexed, No Offset Indexed instructions with no offset are 1-byte instructions that can 
access data with variable addresses within the first 256 memory 
locations. The index register contains the low byte of the effective 
address of the operand. The CPU automatically uses $00 as the high 
byte, so these instructions can address locations $0000–$00FF.
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Indexed, no offset instructions are often used to move a pointer through 
a table or to hold the address of a frequently used RAM or I/O location.

Indexed, 8-Bit 
Offset

Indexed, 8-bit offset instructions are 2-byte instructions that can access 
data with variable addresses within the first 511 memory locations. The 
CPU adds the unsigned byte in the index register to the unsigned byte 
following the opcode. The sum is the effective address of the operand. 
These instructions can access locations $0000–$01FE.

Indexed 8-bit offset instructions are useful for selecting the kth element 
in an n-element table. The table can begin anywhere within the first 256 
memory locations and could extend as far as location 510 ($01FE). The 
k value is typically in the index register, and the address of the beginning 
of the table is in the byte following the opcode.

Indexed,16-Bit 
Offset

Indexed, 16-bit offset instructions are 3-byte instructions that can access 
data with variable addresses at any location in memory. The CPU adds 
the unsigned byte in the index register to the two unsigned bytes 
following the opcode. The sum is the effective address of the operand. 
The first byte after the opcode is the high byte of the 16-bit offset; the 
second byte is the low byte of the offset.

Indexed, 16-bit offset instructions are useful for selecting the kth element 
in an n-element table anywhere in memory.

As with direct and extended addressing, the Motorola assembler 
determines the shortest form of indexed addressing.

Relative Relative addressing is only for branch instructions. If the branch 
condition is true, the CPU finds the effective branch destination by 
adding the signed byte following the opcode to the contents of the 
program counter. If the branch condition is not true, the CPU goes to the 
next instruction. The offset is a signed, two’s complement byte that gives 
a branching range of –128 to +127 bytes from the address of the next 
location after the branch instruction.

8-cpu
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When using the Motorola assembler, the programmer does not need to 
calculate the offset, because the assembler determines the proper offset 
and verifies that it is within the span of the branch.

Instruction Types

The MCU instructions fall into the following five categories:

• Register/Memory Instructions

• Read-Modify-Write Instructions

• Jump/Branch Instructions

• Bit Manipulation Instructions

• Control Instructions

Register/Memory 
Instructions

These instructions operate on CPU registers and memory locations. 
Most of them use two operands. One operand is in either the 
accumulator or the index register. The CPU finds the other operand in 
memory.

Table 1. Register/Memory Instructions

Instruction Mnemonic

Add Memory Byte and Carry Bit to Accumulator ADC

Add Memory Byte to Accumulator ADD

AND Memory Byte with Accumulator AND

Bit Test Accumulator BIT

Compare Accumulator CMP

Compare Index Register with Memory Byte CPX

EXCLUSIVE OR Accumulator with Memory Byte EOR

Load Accumulator with Memory Byte LDA

Load Index Register with Memory Byte LDX

Multiply MUL

OR Accumulator with Memory Byte ORA
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Read-Modify-Write
Instructions

These instructions read a memory location or a register, modify its 
contents, and write the modified value back to the memory location or to 
the register.

NOTE: Do not use read-modify-write operations on write-only registers.

1. Unlike other read-modify-write instructions, BCLR and
BSET use only direct addressing.

2. TST is an exception to the read-modify-write sequence be-
cause it does not write a replacement value.

Subtract Memory Byte and Carry Bit from Accumulator SBC

Store Accumulator in Memory STA

Store Index Register in Memory STX

Subtract Memory Byte from Accumulator SUB

Table 1. Register/Memory Instructions

Table 2. Read-Modify-Write Instructions 

Instruction Mnemonic

Arithmetic Shift Left (Same as LSL) ASL

Arithmetic Shift Right ASR

Bit Clear BCLR(1)

Bit Set BSET(1)

Clear Register CLR

Complement (One’s Complement) COM

Decrement DEC

Increment INC

Logical Shift Left (Same as ASL) LSL

Logical Shift Right LSR

Negate (Two’s Complement) NEG

Rotate Left through Carry Bit ROL

Rotate Right through Carry Bit ROR

Test for Negative or Zero TST(2)

10-cpu
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Jump/Branch 
Instructions

Jump instructions allow the CPU to interrupt the normal sequence of the 
program counter. The unconditional jump instruction (JMP) and the 
jump-to-subroutine instruction (JSR) have no register operand. Branch 
instructions allow the CPU to interrupt the normal sequence of the 
program counter when a test condition is met. If the test condition is not 
met, the branch is not performed.

The BRCLR and BRSET instructions cause a branch based on the state 
of any readable bit in the first 256 memory locations. These 3-byte 
instructions use a combination of direct addressing and relative 
addressing. The direct address of the byte to be tested is in the byte 
following the opcode. The third byte is the signed offset byte. The CPU 
finds the effective branch destination by adding the third byte to the 
program counter if the specified bit tests true. The bit to be tested and its 
condition (set or clear) is part of the opcode. The span of branching is 
from –128 to +127 from the address of the next location after the branch 
instruction. The CPU also transfers the tested bit to the carry/borrow bit 
of the condition code register.
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Bit Manipulation 
Instructions

The CPU can set or clear any writable bit in the first 256 bytes of 
memory, which includes I/O registers and on-chip RAM locations. The 

Table 3. Jump and Branch Instructions 

Instruction Mnemonic

Branch if Carry Bit Clear BCC

Branch if Carry Bit Set BCS

Branch if Equal BEQ

Branch if Half-Carry Bit Clear BHCC

Branch if Half-Carry Bit Set BHCS

Branch if Higher BHI

Branch if Higher or Same BHS

Branch if IRQ Pin High BIH

Branch if IRQ Pin Low BIL

Branch if Lower BLO

Branch if Lower or Same BLS

Branch if Interrupt Mask Clear BMC

Branch if Minus BMI

Branch if Interrupt Mask Set BMS

Branch if Not Equal BNE

Branch if Plus BPL

Branch Always BRA

Branch if Bit Clear BRCLR

Branch Never BRN

Branch if Bit Set BRSET

Branch to Subroutine BSR

Unconditional Jump JMP

Jump to Subroutine JSR

12-cpu
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CPU can also test and branch based on the state of any bit in any of the 
first 256 memory locations.

Control 
Instructions

These instructions act on CPU registers and control CPU operation 
during program execution.

Table 4. Bit Manipulation Instructions

Instruction Mnemonic

Bit Clear BCLR

Branch if Bit Clear BRCLR

Branch if Bit Set BRSET

Bit Set BSET

Table 5. Control Instructions

Instruction Mnemonic

Clear Carry Bit CLC

Clear Interrupt Mask CLI

No Operation NOP

Reset Stack Pointer RSP

Return from Interrupt RTI

Return from Subroutine RTS

Set Carry Bit SEC

Set Interrupt Mask SEI

Stop Oscillator and Enable IRQ Pin STOP

Software Interrupt SWI

Transfer Accumulator to Index Register TAX

Transfer Index Register to Accumulator TXA

Stop CPU Clock and Enable Interrupts WAIT
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Instruction Set Summary   

Table 6. Instruction Set Summary 

Source
Form Operation Description

Effect on
CCR

A
d

d
re

ss
M

o
d

e

O
p

co
d

e

O
p

er
an

d

C
yc

le
s

H I N Z C

ADC #opr
ADC opr
ADC opr
ADC opr,X
ADC opr,X
ADC ,X

Add with Carry A ← (A) + (M) + (C) ↕◊ — ↕◊ ↕◊ ↕◊

IMM
DIR
EXT
IX2
IX1
IX

A9
B9
C9
D9
E9
F9

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

ADD #opr
ADD opr
ADD opr
ADD opr,X
ADD opr,X
ADD ,X

Add without Carry A ← (A) + (M) ↕◊ — ↕◊ ↕ ↕

IMM
DIR
EXT
IX2
IX1
IX

AB
BB
CB
DB
EB
FB

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

AND #opr
AND opr
AND opr
AND opr,X
AND opr,X
AND ,X

Logical AND A ← (A) ∧  (M) — — ↕◊ ↕ —

IMM
DIR
EXT
IX2
IX1
IX

A4
B4
C4
D4
E4
F4

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

ASL opr
ASLA
ASLX
ASL opr,X
ASL ,X

Arithmetic Shift Left (Same as LSL) — — ↕◊ ↕ ↕

DIR
INH
INH
IX1
IX

38
48
58
68
78

dd

ff

5
3
3
6
5

ASR opr
ASRA
ASRX
ASR opr,X
ASR ,X

Arithmetic Shift Right — — ↕◊ ↕ ↕

DIR
INH
INH
IX1
IX

37
47
57
67
77

dd

ff

5
3
3
6
5

BCC rel Branch if Carry Bit Clear PC ← (PC) + 2 + rel ? C = 0 — — — — — REL 24 rr 3

BCLR n opr Clear Bit n Mn ← 0 — — — — —

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

11
13
15
17
19
1B
1D
1F

dd
dd
dd
dd
dd
dd
dd
dd

5
5
5
5
5
5
5
5

BCS rel Branch if Carry Bit Set (Same as BLO) PC ← (PC) + 2 + rel ? C = 1 — — — — — REL 25 rr 3

BEQ rel Branch if Equal PC ← (PC) + 2 + rel ? Z = 1 — — — — — REL 27 rr 3

BHCC rel Branch if Half-Carry Bit Clear PC ← (PC) + 2 + rel ? H = 0 — — — — — REL 28 rr 3

BHCS rel Branch if Half-Carry Bit Set PC ← (PC) + 2 + rel ? H = 1 — — — — — REL 29 rr 3

BHI rel Branch if Higher PC ← (PC) + 2 + rel ? C ∨  Z = 0 — — — — — REL 22 rr 3

C

b0b7

0

b0b7

C

14-cpu
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BHS rel Branch if Higher or Same PC ← (PC) + 2 + rel ? C = 0 — — — — — REL 24 rr 3

BIH rel Branch if IRQ Pin High PC ← (PC) + 2 + rel ? IRQ = 1 — — — — — REL 2F rr 3

BIL rel Branch if IRQ Pin Low PC ← (PC) + 2 + rel ? IRQ = 0 — — — — — REL 2E rr 3

BIT #opr
BIT opr
BIT opr
BIT opr,X
BIT opr,X
BIT ,X

Bit Test Accumulator with Memory Byte (A) ∧  (M) — — ↕◊ ↕ —

IMM
DIR
EXT
IX2
IX1
IX

A5
B5
C5
D5
E5
F5

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

BLO rel Branch if Lower (Same as BCS) PC ← (PC) + 2 + rel ? C = 1 — — — — — REL 25 rr 3

BLS rel Branch if Lower or Same PC ← (PC) + 2 + rel ? C ∨  Z = 1 — — — — — REL 23 rr 3

BMC rel Branch if Interrupt Mask Clear PC ← (PC) + 2 + rel ? I = 0 — — — — — REL 2C rr 3

BMI rel Branch if Minus PC ← (PC) + 2 + rel ? N = 1 — — — — — REL 2B rr 3

BMS rel Branch if Interrupt Mask Set PC ← (PC) + 2 + rel ? I = 1 — — — — — REL 2D rr 3

BNE rel Branch if Not Equal PC ← (PC) + 2 + rel ? Z = 0 — — — — — REL 26 rr 3

BPL rel Branch if Plus PC ← (PC) + 2 + rel ? N = 0 — — — — — REL 2A rr 3

BRA rel Branch Always PC ← (PC) + 2 + rel ? 1 = 1 — — — — — REL 20 rr 3

BRCLR n opr rel Branch if Bit n Clear PC ← (PC) + 2 + rel ? Mn = 0 — — — — ↕◊

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

01
03
05
07
09
0B
0D
0F

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

BRN rel Branch Never PC ← (PC) + 2 + rel ? 1 = 0 — — — — — REL 21 rr 3

BRSET n opr rel Branch if Bit n Set PC ← (PC) + 2 + rel ? Mn = 1 — — — — ◊↕

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

00
02
04
06
08
0A
0C
0E

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

BSET n opr Set Bit n Mn ← 1 — — — — —

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

10
12
14
16
18
1A
1C
1E

dd
dd
dd
dd
dd
dd
dd
dd

5
5
5
5
5
5
5
5

BSR rel Branch to Subroutine

PC ← (PC) + 2; push (PCL)
SP ← (SP) – 1; push (PCH)

SP ← (SP) – 1
PC ← (PC) + rel

— — — — — REL AD rr 6

CLC Clear Carry Bit C ← 0 — — — — 0 INH 98 2

Table 6. Instruction Set Summary (Continued)

Source
Form Operation Description

Effect on
CCR

A
d

d
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o
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e
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e
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p
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s
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CPU

MC68HC05X4 

CPU

CLI Clear Interrupt Mask I ← 0 — 0 — — — INH 9A 2

CLR opr
CLRA
CLRX
CLR opr,X
CLR ,X

Clear Byte

M ← $00
A ← $00
X ← $00
M ← $00
M ← $00

— — 0 1 —

DIR
INH
INH
IX1
IX

3F
4F
5F
6F
7F

dd

ff

5
3
3
6
5

CMP #opr
CMP opr
CMP opr
CMP opr,X
CMP opr,X
CMP ,X

Compare Accumulator with Memory Byte (A) – (M) — — ↕◊ ↕ ↕

IMM
DIR
EXT
IX2
IX1
IX

A1
B1
C1
D1
E1
F1

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

COM opr
COMA
COMX
COM opr,X
COM ,X

Complement Byte (One’s Complement)

M ← (M) = $FF – (M)
A ← (A) = $FF – (A)
X ← (X) = $FF – (X)
M ← (M) = $FF – (M)
M ← (M) = $FF – (M)

— — ↕◊ ↕◊ 1

DIR
INH
INH
IX1
IX

33
43
53
63
73

dd

ff

5
3
3
6
5

CPX #opr
CPX opr
CPX opr
CPX opr,X
CPX opr,X
CPX ,X

Compare Index Register with Memory Byte (X) – (M) — — ↕◊ ◊↕ ◊↕

IMM
DIR
EXT
IX2
IX1
IX

A3
B3
C3
D3
E3
F3

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

DEC opr
DECA
DECX
DEC opr,X
DEC ,X

Decrement Byte

M ← (M) – 1
A ← (A) – 1
X ← (X) – 1
M ← (M) – 1
M ← (M) – 1

— — ↕◊ ↕◊ —

DIR
INH
INH
IX1
IX

3A
4A
5A
6A
7A

dd

ff

5
3
3
6
5

EOR #opr
EOR opr
EOR opr
EOR opr,X
EOR opr,X
EOR ,X

EXCLUSIVE OR Accumulator with Memory Byte A ← (A) ⊕  (M) — — ↕◊ ↕ —

IMM
DIR
EXT
IX2
IX1
IX

A8
B8
C8
D8
E8
F8

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

INC opr
INCA
INCX
INC opr,X
INC ,X

Increment Byte

M ← (M) + 1
A ← (A) + 1
X ← (X) + 1
M ← (M) + 1
M ← (M) + 1

— — ↕◊ ↕◊ —

DIR
INH
INH
IX1
IX

3C
4C
5C
6C
7C

dd

ff

5
3
3
6
5

JMP opr
JMP opr
JMP opr,X
JMP opr,X
JMP ,X

Unconditional Jump PC ← Jump Address — — — — —

DIR
EXT
IX2
IX1
IX

BC
CC
DC
EC
FC

dd
hh ll
ee ff

ff

2
3
4
3
2
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Source
Form Operation Description

Effect on
CCR

A
d

d
re

ss
M

o
d

e

O
p

co
d

e

O
p

er
an

d

C
yc

le
s

H I N Z C

16-cpu

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

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

n
c

..
.



CPU
Instruction Set Summary

MC68HC05X4  Rev 1.0

CPU

17-cpu

JSR opr
JSR opr
JSR opr,X
JSR opr,X
JSR ,X

Jump to Subroutine

PC ← (PC) + n (n = 1, 2, or 3)
Push (PCL); SP ← (SP) – 1
Push (PCH); SP ← (SP) – 1

PC ← Effective Address

— — — — —

DIR
EXT
IX2
IX1
IX

BD
CD
DD
ED
FD

dd
hh ll
ee ff

ff

5
6
7
6
5

LDA #opr
LDA opr
LDA opr
LDA opr,X
LDA opr,X
LDA ,X

Load Accumulator with Memory Byte A ← (M) — — ↕◊ ↕ —

IMM
DIR
EXT
IX2
IX1
IX

A6
B6
C6
D6
E6
F6

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

LDX #opr
LDX opr
LDX opr
LDX opr,X
LDX opr,X
LDX ,X

Load Index Register with Memory Byte X ← (M) — — ↕◊ ↕◊ —

IMM
DIR
EXT
IX2
IX1
IX

AE
BE
CE
DE
EE
FE

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

LSL opr
LSLA
LSLX
LSL opr,X
LSL ,X

Logical Shift Left (Same as ASL) — — ↕◊ ↕ ↕

DIR
INH
INH
IX1
IX

38
48
58
68
78

dd

ff

5
3
3
6
5

LSR opr
LSRA
LSRX
LSR opr,X
LSR ,X

Logical Shift Right — — 0 ↕ ↕

DIR
INH
INH
IX1
IX

34
44
54
64
74

dd

ff

5
3
3
6
5

MUL Unsigned Multiply X : A ← (X) × (A) 0 — — — 0 INH 42 11

NEG opr
NEGA
NEGX
NEG opr,X
NEG ,X

Negate Byte (Two’s Complement)

M ← –(M) = $00 – (M)
A ← –(A) = $00 – (A)
X ← –(X) = $00 – (X)
M ← –(M) = $00 – (M)
M ← –(M) = $00 – (M)

— — ↕◊ ↕ ↕

DIR
INH
INH
IX1
IX

30
40
50
60
70

dd

ff

5
3
3
6
5

NOP No Operation — — — — — INH 9D 2

ORA #opr
ORA opr
ORA opr
ORA opr,X
ORA opr,X
ORA ,X

Logical OR Accumulator with Memory A ← (A) ∨  (M) — — ↕◊ ↕ —

IMM
DIR
EXT
IX2
IX1
IX

AA
BA
CA
DA
EA
FA

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

ROL opr
ROLA
ROLX
ROL opr,X
ROL ,X

Rotate Byte Left through Carry Bit — — ↕◊ ↕ ↕

DIR
INH
INH
IX1
IX

39
49
59
69
79

dd

ff

5
3
3
6
5

Table 6. Instruction Set Summary (Continued)
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CPU

MC68HC05X4 

CPU

ROR opr
RORA
RORX
ROR opr,X
ROR ,X

Rotate Byte Right through Carry Bit — — ↕◊ ↕ ↕

DIR
INH
INH
IX1
IX

36
46
56
66
76

dd

ff

5
3
3
6
5

RSP Reset Stack Pointer SP ← $00FF — — — — — INH 9C 2

RTI Return from Interrupt

SP ← (SP) + 1; Pull (CCR)
SP ← (SP) + 1; Pull (A)
SP ← (SP) + 1; Pull (X)

SP ← (SP) + 1; Pull (PCH)
SP ← (SP) + 1; Pull (PCL)

↕◊ ↕ ↕ ↕ ↕ INH 80 9

RTS Return from Subroutine
SP ← (SP) + 1; Pull (PCH)
SP ← (SP) + 1; Pull (PCL)

— — — — — INH 81 6

SBC #opr
SBC opr
SBC opr
SBC opr,X
SBC opr,X
SBC ,X

Subtract Memory Byte and Carry Bit from 
Accumulator

A ← (A) – (M) – (C) — — ◊↕ ↕ ↕

IMM
DIR
EXT
IX2
IX1
IX

A2
B2
C2
D2
E2
F2

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

SEC Set Carry Bit C ← 1 — — — — 1 INH 99 2

SEI Set Interrupt Mask I ← 1 — 1 — — — INH 9B 2

STA opr
STA opr
STA opr,X
STA opr,X
STA ,X

Store Accumulator in Memory M ← (A) — — ↕◊ ↕ —

DIR
EXT
IX2
IX1
IX

B7
C7
D7
E7
F7

dd
hh ll
ee ff

ff

4
5
6
5
4

STOP Stop Oscillator and Enable IRQ Pin — 0 — — — INH 8E 2

STX opr
STX opr
STX opr,X
STX opr,X
STX ,X

Store Index Register In Memory M ← (X) — — ↕◊ ↕ —

DIR
EXT
IX2
IX1
IX

BF
CF
DF
EF
FF

dd
hh ll
ee ff

ff

4
5
6
5
4

SUB #opr
SUB opr
SUB opr
SUB opr,X
SUB opr,X
SUB ,X

Subtract Memory Byte from Accumulator A ← (A) – (M) — — ↕ ↕ ↕

IMM
DIR
EXT
IX2
IX1
IX

A0
B0
C0
D0
E0
F0

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

SWI Software Interrupt

PC ← (PC) + 1; Push (PCL)
SP ← (SP) – 1; Push (PCH)

SP ← (SP) – 1; Push (X)
SP ← (SP) – 1; Push (A)

SP ← (SP) – 1; Push (CCR)
SP ← (SP) – 1; I ← 1

PCH ← Interrupt Vector High Byte
PCL ← Interrupt Vector Low Byte

— 1 — — — INH 83 10

TAX Transfer Accumulator to Index Register X ← (A) — — — — — INH 97 2
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CPU
Instruction Set Summary

MC68HC05X4  Rev 1.0

CPU

19-cpu

TST opr
TSTA
TSTX
TST opr,X
TST ,X

Test Memory Byte for Negative or Zero (M) – $00 — — ↕ ↕ —

DIR
INH
INH
IX1
IX

3D
4D
5D
6D
7D

dd

ff

4
3
3
5
4

TXA Transfer Index Register to Accumulator A ← (X) — — — — — INH 9F 2

WAIT Stop CPU Clock and Enable Interrupts —
0
◊ — — — INH 8F 2

A Accumulator opr Operand (one or two bytes)
C Carry/borrow flag PC Program counter
CCR Condition code register PCH Program counter high byte
dd Direct address of operand PCL Program counter low byte
dd rr Direct address of operand and relative offset of branch instruction REL Relative addressing mode
DIR Direct addressing mode rel Relative program counter offset byte
ee ff High and low bytes of offset in indexed, 16-bit offset addressing rr Relative program counter offset byte
EXT Extended addressing mode SP Stack pointer
ff Offset byte in indexed, 8-bit offset addressing X Index register
H Half-carry flag Z Zero flag
hh ll High and low bytes of operand address in extended addressing # Immediate value
I Interrupt mask ∧ Logical AND
ii Immediate operand byte ∨ Logical OR
IMM Immediate addressing mode ⊕ Logical EXCLUSIVE OR
INH Inherent addressing mode ( ) Contents of
IX Indexed, no offset addressing mode –( ) Negation (two’s complement)
IX1 Indexed, 8-bit offset addressing mode ← Loaded with
IX2 Indexed, 16-bit offset addressing mode ? If
M Memory location : Concatenated with
N Negative flag ↕ Set or cleared
n Any bit — Not affected

Table 6. Instruction Set Summary (Continued)
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CPU Specification

MC68HC05X4  Rev 1.0

CPU

Ta
b

le
 7

. O
p

co
d

e 
M

ap

B
it

 M
an

ip
u

la
ti

o
n

B
ra

n
ch

R
ea

d
-M

o
d

if
y-

W
ri

te
C

o
n

tr
o

l
R

eg
is

te
r/

M
em

o
ry

D
IR

D
IR

R
E

L
D

IR
IN

H
IN

H
IX

1
IX

IN
H

IN
H

IM
M

D
IR

E
X

T
IX

2
IX

1
IX

0
1

2
3

4
5

6
7

8
9

A
B

C
D

E
F

0
5

B
R

S
E

T
0

3
D

IR

5
B

S
E

T
0

2
D

IR

3
B

R
A

2
R

E
L

5
N

E
G

2
D

IR

3
N

E
G

A
1

IN
H

3
N

E
G

X
1

IN
H

6
N

E
G

2
IX

1

5
N

E
G

1
I X

9
R

T
I

1
IN

H

2
S

U
B

2
IM

M

3
S

U
B

2
D

IR

4
S

U
B

3
E

X
T

5
S

U
B

3
IX

2

4
S

U
B

2
IX

1

3
S

U
B

1
I X

0

1
5

B
R

C
LR

0
3

D
IR

5
B

C
LR

0
2

D
IR

3
B

R
N

2
R

E
L

6
R

T
S

1
IN

H

2
C

M
P

2
IM

M

3
C

M
P

2
D

IR

4
C

M
P

3
E

X
T

5
C

M
P

3
IX

2

4
C

M
P

2
IX

1

3
C

M
P

1
I X

1

2
5

B
R

S
E

T
1

3
D

IR

5
B

S
E

T
1

2
D

IR

3
B

H
I

2
R

E
L

11
M

U
L

1
IN

H

2
S

B
C

2
IM

M

3
S

B
C

2
D

IR

4
S

B
C

3
E

X
T

5
S

B
C

3
IX

2

4
S

B
C

2
IX

1

3
S

B
C

1
I X

2

3
5

B
R

C
LR

1
3

D
IR

5
B

C
LR

1
2

D
IR

3
B

LS
2

R
E

L

5
C

O
M

2
D

IR

3
C

O
M

A
1

IN
H

3
C

O
M

X
1

IN
H

6
C

O
M

2
IX

1

5
C

O
M

1
I X

10
S

W
I

1
IN

H

2
C

P
X

2
IM

M

3
C

P
X

2
D

IR

4
C

P
X

3
E

X
T

5
C

P
X

3
IX

2

4
C

P
X

2
IX

1

3
C

P
X

1
I X

3

4
5

B
R

S
E

T
2

3
D

IR

5
B

S
E

T
2

2
D

IR

3
B

C
C

2
R

E
L

5
LS

R
2

D
IR

3
LS

R
A

1
IN

H

3
LS

R
X

1
IN

H

6
LS

R
2

IX
1

5
LS

R
1

I X

2
A

N
D

2
IM

M

3
A

N
D

2
D

IR

4
A

N
D

3
E

X
T

5
A

N
D

3
IX

2

4
A

N
D

2
IX

1

3
A

N
D

1
I X

4

5
5

B
R

C
LR

2
3

D
IR

5
B

C
LR

2
2

D
IR

3
B

C
S

/B
LO

2
R

E
L

2
B

IT
2

IM
M

3
B

IT
2

D
IR

4
B

IT
3

E
X

T

5
B

IT
3

IX
2

4
B

IT
2

IX
1

3
B

IT
1

I X
5

6
5

B
R

S
E

T
3

3
D

IR

5
B

S
E

T
3

2
D

IR

3
B

N
E

2
R

E
L

5
R

O
R

2
D

IR

3
R

O
R

A
1

IN
H

3
R

O
R

X
1

IN
H

6
R

O
R

2
IX

1

5
R

O
R

1
IX

2
LD

A
2

IM
M

3
LD

A
2

D
IR

4
LD

A
3

E
X

T

5
LD

A
3

IX
2

4
LD

A
2

IX
1

3
LD

A
1

IX
6

7
5

B
R

C
LR

3
3

D
IR

5
B

C
LR

3
2

D
IR

3
B

E
Q

2
R

E
L

5
A

S
R

2
D

IR

3
A

S
R

A
1

IN
H

3
A

S
R

X
1

IN
H

6
A

S
R

2
IX

1

5
A

S
R

1
IX

2
TA

X
1

IN
H

4
S

TA
2

D
IR

5
S

TA
3

E
X

T

6
S

TA
3

IX
2

5
S

TA
2

IX
1

4
S

TA
1

IX
7

8
5

B
R

S
E

T
4

3
D

IR

5
B

S
E

T
4

2
D

IR

3
B

H
C

C
2

R
E

L

5
A

S
L/

LS
L

2
D

IR

3
A

S
LA

/L
S

LA
1

IN
H

3
A

S
LX

/L
S

LX
1

IN
H

6
A

S
L/

LS
L

2
IX

1

5
A

S
L/

LS
L

1
IX

2
C

LC
1

IN
H

2
E

O
R

2
IM

M

3
E

O
R

2
D

IR

4
E

O
R

3
E

X
T

5
E

O
R

3
IX

2

4
E

O
R

2
IX

1

3
E

O
R

1
IX

8

9
5

B
R

C
LR

4
3

D
IR

5
B

C
LR

4
2

D
IR

3
B

H
C

S
2

R
E

L

5
R

O
L

2
D

IR

3
R

O
LA

1
IN

H

3
R

O
LX

1
IN

H

6
R

O
L

2
IX

1

5
R

O
L

1
IX

2
S

E
C

1
IN

H

2
A

D
C

2
IM

M

3
A

D
C

2
D

IR

4
A

D
C

3
E

X
T

5
A

D
C

3
IX

2

4
A

D
C

2
IX

1

3
A

D
C

1
IX

9

A
5

B
R

S
E

T
5

3
D

IR

5
B

S
E

T
5

2
D

IR

3
B

P
L

2
R

E
L

5
D

E
C

2
D

IR

3
D

E
C

A
1

IN
H

3
D

E
C

X
1

IN
H

6
D

E
C

2
IX

1

5
D

E
C

1
IX

2
C

LI
1

IN
H

2
O

R
A

2
IM

M

3
O

R
A

2
D

IR

4
O

R
A

3
E

X
T

5
O

R
A

3
IX

2

4
O

R
A

2
IX

1

3
O

R
A

1
IX

A

B
5

B
R

C
LR

5
3

D
IR

5
B

C
LR

5
2

D
IR

3
B

M
I

2
R

E
L

2
S

E
I

1
IN

H

2
A

D
D

2
IM

M

3
A

D
D

2
D

IR

4
A

D
D

3
E

X
T

5
A

D
D

3
IX

2

4
A

D
D

2
IX

1

3
A

D
D

1
IX

B

C
5

B
R

S
E

T
6

3
D

IR

5
B

S
E

T
6

2
D

IR

3
B

M
C

2
R

E
L

5
IN

C
2

D
IR

3
IN

C
A

1
IN

H

3
IN

C
X

1
IN

H

6
IN

C
2

IX
1

5
IN

C
1

IX

2
R

S
P

1
IN

H

2
JM

P
2

D
IR

3
JM

P
3

E
X

T

4
JM
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