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SECTION 1
GENERAL DESCRIPTION

The MC68HC705P6 is a member of the low-cost, high-performance M68HC05
Family of 8-bit microcontroller units (MCUs). The M68HCO5 Family is based on
the customer-specified integrated circuit (CSIC) design strategy. All MCUs in
the family use the popular M68HCO5 central processor unit (CPU) and are
available with a variety of subsystems, memory sizes and types, and package

types.

On-chip memory of the MC68HC705P6 includes 176 bytes of user RAM and
4672 bytes of user erasable, programmable ROM (EPROM). In packages
without the transparent window for EPROM erasure, the 4672 EPROM bytes
serve as one-time programmable ROM (OTPROM).

1.1 Features
Features of the MC68HC705P6 MCU include the following:

(]

Popular M68HCO5 Central Processor Unit

Memory-Mapped Input/Output (1/O) Registers

4672 Bytes of User EPROM/OTPROM Including 48 Bytes of Page Zero
EPROM/OTPROM and 16 User Vector Locations

176 Bytes of User RAM

20 I/O Port Pins and One Input-Only Port Pin

On-Chip Oscillator with Crystal or Ceramic Resonator Connections
4-Input, 8-Bit Analog-to-Digital Converter (ADC)

Synchronous Serial I/O Port (SIOP)

16-Bit Capture/Compare Timer

Fully Static Operation with no Minimum Clock Speed

Bootloader ROM

Computer Operating Properly (COP) Watchdog

Power-Saving Stop, Wait, Halt, and Data-Retention Modes

8 x 8 Unsigned Multiply Instruction

28-Pin Plastic Dual In-Line Package (PDIP)

28-Pin Small Outline Integrated Circuit (SOIC)

28-Pin Ceramic DIP (Cerdip)

MC68HC705P6 GENERAL DESCRIPTION MOTOROLA
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1.2 Programmable Options
The following options are programmable in the mask option register (MOR):

* STOP instruction: enabled or disabled

* SIOP clock rate: oscillator frequency divided by 8, 16, 32, or 64

¢ SIOP data format: MSB-first or LSB-first

* External interrupt pin: edge-triggered or edge- and level-triggered

* COP watchdog: enabled or disabled

MOTOROLA GENERAL DESCRIPTION MC68HC705P6
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1.3 MCU Structure
Figure 1-1 shows the structure of the MC68HC705P6 MCU.

<> PA7
<> PAG
EPROM/OTPROM — 4672 BYTES PAS
= E <> PA4
8|9 [«>rm
<> PA2
<> PA
BOOTLOADER ROM — 239 BYTES :{)ﬁ le—> PAO
SCK (&> @ &> PB7/SCK
RAM — 176 BYTES a 2
Q-—% :(}_J‘) S oo fe> & | & <> peesD
SDO [€> & PBS/SDO
IRQVpp —>
ARITHMETIC
S L conRoL LOGIC UNIT VRH <> PCTVRH
RESET ——_)) RST (ALY) ANO <€—> PC6/ANO
-
M68HC05 CPU t():b g o | o [€F Posmv
CPU REGISTERS AN2 & | [€ Povm
AN3 & [€7> PoIms
<> pa
[oJoJoJo]o ololo 1] stackponTer | PC1
[ofoTo] PROGRAM COUNTER ] PCO
GONDITION CoDE REGISTER [ 1 [ 1] 1 [H] I [N]Z]C] =
____<:> g | g [P
alge PD7/TCAP
v >
oo POWER 28
Vss > &3 ﬂ
OSCTTR) wreRNAL | o f DIvIDE | Wtemuclook o TR ToAP
0SC2 <€ OSCILLATOR BY 2 ao 1687
CAPTURE/COMPARE
A TIMER —> TCMP
cor N
€| WATCHDOG
<
Figure 1-1. MC68HC705P6 Block Diagram
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1.4 Pin Assignments
Figure 1-2 shows the MC68HC705P6 pin assignments.

\J
RESET [ 1 2801 Vpp
RQVpp [ 2 27 osct
PA7 [] 3 26 1 osc2
PA6 [] 4 25[1 PD7/TCAP
PAS ] 5 241 TCMP
PA4 [ 6 23f] PDS5
PA3 [ 7 2 PCO
PA2 [ 8 211 PCY
PA1 [ 9 20[ Pc2
PAO [ 10 19 {1 PC3/AN3
PBS/SDO [ 11 181 PC4/AN2
PBE/SDI [ 12 171 PCS/AN1
PB7/SCK [ 13 16 [1 PCE/ANO
Vss 14 151 PC7NRH

Figure 1-2. Pin Assignments

1.4.1 Vpp and Vss

VpD and Vss are the power supply and ground pins. The MCU operates from a
single 5 V power supply.

Very fast signal transitions occur on the MCU pins, placing 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. Place bypass capacitors as close to the MCU as possible, as Figure 1-3
shows. C2 is an optional bulk current bypass capacitor for use in applications
that require the port pins to source high current levels.
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Figure 1-3. Bypassing Layout Recommendation

1.4.2 OSC1 and 0OSC2

The OSC1 and OSC2 pins are the control connections for the on-chip oscillator.
The oscillator can be driven by any of the following:

* Crystal
e Ceramic resonator
» External clock signal

The frequency of the internal oscillator is fosc. The MCU divides the internal
oscillator output by two to produce the internal clock. The frequency of the
internal clock is fop.

1.4.2.1 Crystal

A crystal connected to the OSC1 and OSC2 pins can drive the on-chip
oscillator. Figure 1-4 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 reliable start-up and maximum stability. The load capacitance values
used in the oscillator circuit design should include all stray layout capacitances.
To minimize output distortion, mount the crystal and capacitors as close as
possible to the pins.
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NOTE

Use an AT-cut crystal and not an AT-strip crystal. The MCU may

overdrive an AT-strip crystal.

Vbp c3
‘ MCU , 0OSC1
oscz2  [R|| xta
o o
D R 177]
2 oM 3
——AA—4
1
co=—— XA _Lg
27pF 127 PF

Figure 1-4. Crystal Connections

1.4.2.2 Ceramic Resonator

Vss

To reduce cost, use a ceramic resonator in place of the crystal. Use the circuit
in Figure 1-5 for a ceramic resonator, and follow the resonator manufacturer's
recommendations. The load capacitance values used in the oscillator circuit

design should include all stray layout capacitances.

NOTE

To minimize output
distortion, mount the resonator as close as possible to the pins.

Because the frequency stability of ceramic resonators is not as
high as that of crystal oscillators, using a ceramic resonator may
degrade the performance of the analog-to-digital converter (ADC).
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Vop
0sC1
l Mcu | CERAMIC
0sc2 RESO-

1080

NATOR
RAMIC % \,L\_°_

CEl
RESONATOR
I Vss

Figure 1-5. Ceramic Resonator Connections

1.4.2.3 External Clock

An external clock from another CMOS-compatible device can drive the OSC1
input. Leave the OSC2 pin unconnected, as Figure 1-6 shows.

MCu

10S0
¢0s0

EXTERNAL
CMOS CLOCK

Figure 1-6. External Clock Connections
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1.4.6

1.4.7

1.4.8

1.4.9
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RESET

A logic zero on the RESET pin forces the MCU to a known start-up state. (See
5.1.2 External Reset for more information.)

IRQ/Vpp
The IRQ/Vpp pin has the following functions:

* Applying asynchronous external interrupt signals (See 4.1.2 External
Interrupt.)

* Applying EPROM programming voltage (See 11.1.1 EPROM
Programming Register (EPROG).)

PA7-PAO
PA7-PAQ are the pins of port A, a general-purpose bidirectional I/O port.

PB7/SCK

PB7/SCK is a general-purpose bidirectional port B I/O pin. When the serial I/O
port (SIOP) is enabled, PB7/SCK is the serial clock input pin (slave mode) or
the serial clock output pin (master mode).

PB6/SDI

PB6/SDI is a general-purpose bidirectional port B 1/O pin. When the serial I/O
port (SIOP) is enabled, PB6/SDI is the serial data input pin.

PB5/SDO

PB5/SDO is a general-purpose bidirectional port B I/O pin. When the serial I/O
port (SIOP) is enabled, PB5/SDO is the serial data output pin.

PC7/VRH

PC7/VRH is a general-purpose bidirectional port C 1/0 pin. When the
analog-to-digital converter (ADC) is enabled, PC7/VRH is the positive reference
voltage pin for the ADC.

MOTOROLA GENERAL DESCRIPTION MC68HC705P6
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1.4.10 PC6/ANO

PC6/ANO is a general-purpose bidirectional port C 1/O pin. When the
analog-to-digital converter (ADC) is enabled, PC6/ANO is an analog input pin
for the ADC.

1.4.11 PC5/AN1

PC5/AN1 is a general-purpose bidirectional port C I/O pin. When the
analog-to-digital converter (ADC) is enabled, PC5/AN1 is an analog input pin
for the ADC.

1.4.12 PC4/AN2

PC4/AN2 is a general-purpose bidirectional port C I/O pin. When the
analog-to-digital converter (ADC) is enabled, PC4/AN2 is an analog input pin
for the ADC.

1.4.13 PC3/AN3

PC3/AN3 is a general-purpose bidirectional port C I/O pin. When the
analog-to-digital converter (ADC) is enabled, PC3/AN3 is an analog input pin
for the ADC.

1.4.14 PC2-PCO
PC2-PCO0 are general-purpose bidirectional port C I/O pins.

1.4.15 PD7/TCAP

PD7/TCAP serves as both a general-purpose input-only port D I/O pin and as
the input capture line for the capture/compare timer.

1.4.16 PD5
PD5 is a general-purpose bidirectional port D I/O pin.

MC68HC705P6 GENERAL DESCRIPTION MOTOROLA
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1.4.17 TCMP
TCMP is the output pin for the output compare function of the capture/compare
timer.
MOTOROLA GENERAL DESCRIPTION MC68HC705P6
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SECTION 2
MEMORY

This section describes the organization of the on-chip memory.

2.1 Memory Map

The CPU can address 8 Kbytes of memory space. The ROM portion of memory
holds the program instructions, fixed data, user-defined vectors, and interrupt
service routines. The RAM portion of memory holds variable data. 1/O registers
are memory-mapped so that the CPU can access their locations in the same
way that it accesses all other memory locations. Figure 2-1 is a memory map of
the MCU.

2.2 Input/Output Section

The first 32 addresses of the memory space, $0000-$001F, are the I/O section.
These are the addresses of the 1/0 control registers, status registers, and data
registers. (See Figure 2-2.)

Two of the I/O registers shown in Figure 2-2 are located outside the 32-byte I/O
section: the mask option register (MOR) is mapped at $1F00, and the computer
operating properly (COP) register is mapped at $1FFO.

2.3 RAM

The 176 addresses from $0050 to $00FF are RAM locations. The CPU uses the
top 64 RAM addresses, $00CO-$00FF, as the stack. Before processing an
interrupt, the CPU uses five bytes of the stack to save the contents of the CPU
registers. During a subroutine call, the CPU uses two stack bytes to store the
return address. The stack pointer decrements during pushes and increments
during pulls.

MC68HC705P6 MEMORY MOTOROLA
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NOTE
Be careful when using nested subroutines or multiple interrupt

subroutine or during the interrupt stacking operation.

The CPU may overwrite data in the RAM during a

$0000 PORT A DATA REGISTER $0000
PORT B DATA REGISTER $0001
PORT C DATA REGISTER $0002
PORT D DATA REGISTER $0003
IO BECISTERS FORT A DATA DIRECTION REGISTER $0004
PORT B DATA DIRECTION REGISTER $0005
PORT C DATA DIRECTION REGISTER $0006
PORT D DATA DIRECTION REGISTER $0007
$001F UNUSED $0008
$0020 UNUSED $0009
USER EPROM SIOP CONTROL REGISTER $000A
48 BYTES SIOP STATUS REGISTER $0008
$004F SIOP DATA REGISTER $000C
$o0s0 UNUSED $000D
UNUSED $000E
UNUSED :ggoF
UNUSED 10
?%ESY‘}‘;% UNUSED $0011
TIMER CONTROL REGISTER $0012
$00BF | __ | _____ R TIMER STATUS REGISTER $0013
$00CO } INPUT CAPTURE REGISTER (HIGH BYTE) $0014
INPUT CAPTURE REGISTER (LOW BYTE) $0015
STACK OUTPUT COMPARE REGISTER (HIGHBYTE) | $0016
64 BYTES OUTPUT COMPARE REGISTER (LOWBYTE) | $0017
$O0FF | TIMER REGISTER (LOW BYTE) $0018
$0100 TIMER REGISTER (LOW BYTE) $0019
ALTERNATE TIMER REGISTER (HIGH BYTE) | $001A
ALTERNATE TIMER REGISTER (LOW BYTE) | $0018
EPROM PROGRAMMING REGISTER $001C
ADC DATA REGISTER $001D
USER EPROM ADC STATUS AND CONTROL REGISTER $001E
4608 BYTES RESERVED $001F
$12FF
$1300
COP REGISTER* $1FFO
UNUSED $1FF1
3(?72%%23 UNUSED $1FF2
UNUSED $1FF3
$1EFF UNUSED $1FF4
$1Fc0 | WASKOPTION REGISTER | o tre
$1Fo1 UNUSED SIFF7
BOOTLOADER ROM TIMER INTERRUPT VECTOR (HIGH BYTE) $1FF8
AND VECTORS TIMER INTERRUPT VECTOR (LOW BYTE) $1FF9
239 BYTES EXTERNAL INTERRUPT VECTOR (HIGH BYTE) | $1FFA
$1FEF EXTERNAL INTERRUPT VECTOR (LOW BYTE) | $1FFB
$1FFO USER VECTORS SOFTWARE INTERRUPT VECTOR (HIGH BYTE) | $1FFC
(EPROM) SOFTWARE INTERRUPT VECTOR (LOW BYTE) | $1FFD
8 BYTES RESET VECTOR (HIGH BYTE) $1FFE
$1FFF RESET VECTOR (LOW BYTE) $1FFF
* Wiriting zero to bit 0 of $1FFO clears the COP watchdog timer. Reading $1FFO returns user ROM data.
Figure 2-1. Memory Map
MOTOROLA MEMORY MC68HC705P6
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Bit 7 6 5 4 3 2 1 Bit0
go000 [ PA7 | PA6 | PA5 | PA4 | PA3 | PA2 | PA1 | PA0 |PORTA
0001 [ PB7 | PB6 | PB5 | 0 ] 0 | 0 0o 0 | PORTB
o002 [ _PC7 | PC6 | PC5 | Pca | PCa | PC2 | PCl | PCo | PORTC
$0003 [ PD7 | o [ Pbs ] 1] 0 0o ] o | 0 | PORTD
$0004 [ DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRA1 [ DDRAO | DDRA .
$0005 [ DDRB7 | DDRB6 | DDRB5 | 1] 1] 1 [ 1] 1| DDRB
$0006 [ DDRC7 | DDRC6 | DDRC5 | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO” | DDRC
$0007 [ 0 ] 0 [ DDRD5 | 0 0 | 0o ] 0o | 0 | DDRD
gooos [ — [ — | — T — T — T — T — T — [UNUSED
goo09 [ — | — [ — [ — T — T — T — T — JUNUSED
$000A | 0 | SPE | 0 [ MSTR ]| 0 0 ] 0o ] 0 |scRr
$000B [ SPIF_[ DCOL | 0 ] 0 ] 0o | 0 ] 0 | 0 ]SSR
$o00C [ Bit7 | 6 | 5 4 ] 3 ] 2 ] 1 [ Bito ]SDR -
$000D | [ I [ [ [ ! l | RESERVED
$oooE[ — | — | — [ — T — T —"T — "1 —= T1UNUSED
soooF[ — | — | — 1 — T — T — T —= T — TUNuseD
sooto[ — | — | — T — T —T — T — T — TUNUSED
soo1 [ — | — | — T — T — T —"T — T — T]UNUSED
g$o012[ ICIE | OCIE | TOE | o | [ [ IEDG | OLVL ] TCR,
$0013[ ICF | OCF | TOF | 0 [ [ o | 0 ] TSR
o014 Bit15 | 14 [ 13 [ 12 [ 11| 10 ] 9 | Bitsa |ICRH
$0015 [ Bit7 | 6 | 5 | 4 ] 3 ] 2 ] 1 [ Bito ]ICRL
soo16 [ Bit15 | 14 | 13 [ 12 [ 11 [ 10 ] 9 | Bits | OCRH
$0017 [ Bit7 | 6 | 5 ] 4 ] 3 ] 2 ] 1| Bito ] OCRL
soo18[ Bit15 | 14 | 13 [ 12 [ 11| 10 | 9 [ Bits ]JTCRH .
$0019 [ Bit7 | 6 | 5 | 4 | 3 | 2 ] 1 [ Bito | TCRL
$001A[ Bit15 | 14 | 13 [ 12 | 11 [ 10 ] 9 [ Bits | ACRH
$001B [ Bit7 | 6 | 5 ] 4 ] 3 ] 2 ] 1 [ Bito ] ACRL
goo1C[ 0 | 0o | 0 ] 0o | 0 | ELAT [ MPGM | EPGM | EPROG
$001D [ Bit7 | 6 | 5 4 ] 3] 2 ] 1 [ Bito | ADDR
$001E[ cC | ADRC | ADON | o | 0 [ CH2 | CcHi | cCHo | ADSCR
$o0tF[ — | — | — T — T — T — T — T — "|RESERVED
$1F00 | [ [ SWAT | SPR1 | SPRO | LSBF | LEVEL | COP | MOR
$1FFO | I [ [ | [ [ [ copC | copr

Figure 2-2. I/O Registers
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2.4 EPROM/OTPROM

Packages with transparent windows have 4672 bytes of erasable
programmable ROM (EPROM). The transparent window allows EPROM
erasure with ultraviolet light. Packages without the transparent window do not
allow EPROM erasure, and the EPROM serves as one-time programmable ROM
(OTPROM). The EPROM/OTPROM is located in three areas of the memory map:

* Addresses $0020-$004F contain 48 bytes of page zero
EPROM/OTPROM.

¢ Addresses $0100-$12FF contain 4608 bytes of EPROM/OTPROM.

* Addresses $1FFO-$1FFF contain 16 bytes of EPROM/OTPROM reserved
for vectors.

2.5 Bootloader ROM
Addresses $1F01-$1FEF contain the bootloader ROM, which can copy and
verify the contents of an external EPROM to the on-chip EPROM/OTPROM.
(See 11.1 EPROM/OTPROM Programming.)

MOTOROLA MEMORY MC68HC705P6
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SECTION 3

CENTRAL PROCESSOR UNIT

This section describes the CPU registers.

3.1 CPU Registers

Figure 3-1 shows the five CPU registers. CPU registers are not part of the

memory map.

7 0
T T T | T T T
r T I ACCUMULATOR (A)
7 0
T T T T T T T
| X | INDEX REGISTER (X)
| | 1 | | 1 |
15 5 0
T T I T T T T T T T T I
Fo 00 0o 0 0 1 1 | ® | STACK POINTER (SP)
| 1 1 | | l | | 1 1 1 |
15 8 7 0
T T T T I T T T T T T
| 0o 0 0 | PCH | | T I PROGRAM COUNTER (PC)
7 5 4 0
T T T T T !
I 1 1 1| N T e l CONDITION CODE REGISTER (CCR)
CARRY/BORROW FLAG
ZERO FLAG
NEGATIVE FLAG
INTERRUPT MASK
HALF-CARRY FLAG

MC68HC705P6
REV. 1

Figure 3-1. Programming Model
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3.1.1 Accumulator

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

[Bt7z [ 6 | 5 [ 4 | 3 | =2 | 1 | B8ito
RESET: UNAFFECTED BY RESET

Figure 3-2. Accumulator

3.1.2 Index Register
In the indexed addressing modes, the CPU uses the byte in the index register to
determine the conditional address of the operand. (See 12.1 Addressing
Modes.)

[Btz [ 6 [ 5 [ 4 ] 3 [ =2 | 1 [ B8io
RESET: UNAFFECTED BY RESET

Figure 3-3. Index Register

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

Biti5 14 13 1 10 9 8 7 6 5 4 3 2 1 Bit0

12
[oJoJoJoJofoJoJof«[«] [ [ [ [ [ ]
o o 0o o o o0 o0 o0 1 1 1 1 1 1 1 1

Figure 3-4. Stack Pointer

The ten most significant bits of the stack pointer are permanently fixed at
0000000011, 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.
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3.1.4 Program Counter

The program counter is a 16-bit register that contains the address of the next
instruction or operand to be fetched. The three most significant bits of the
program counter are ignored internally and appear as 000.

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.

Bitit5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bito

[ofoTol [ T T [ T T [ [ 1 I [ [ ]

0 0 LOADED WITH VECTOR FROM $1FFE AND $1FFF

RESET:

Figure 3-5. Program Counter

3.1.5 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.

Bit 7 6 5 4 3 2 1 Bit0
[+ [ 1 1 H [ z | ¢
RESET: 1 1 1 u 1 u u u

U=UNAFFECTED

Figure 3-6. Condition Code Register
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3.1.5.1 Half-Carry Flag (H)

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.

3.1.5.2 Interrupt Mask (I)

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 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.

3.1.5.3 Negative Flag (N)

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

3.1.5.4 Zero Flag (2)

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

3.1.5.5 Carry/Borrow Flag (C)

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.
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3.2 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 processor cycles to
complete this chain of operations.
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SECTION 4
INTERRUPTS

This section describes how interrupts temporarily change the normal
processing sequence.

4.1 Interrupt Sources
The following sources can generate interrupt requests:

¢ SWI instruction
« IRQ/Vpp pin
e Capture/compare timer

An interrupt temporarily stops normal program execution to process a particular
event. An interrupt does not stop the execution of the instruction in progress,
but takes effect when the current instruction completes its execution. Interrupt
processing automatically saves the CPU registers on the stack and loads the
program counter with a user-defined interrupt vector address.

4.1.1 Software Interrupt
The software interrupt (SWI) instruction causes a nonmaskable interrupt.

4.1.2 External Interrupt

An interrupt signal on the IRQ/Vpp pin latches an external interrupt request.
When the CPU completes its current instruction, it tests the IRQ latch. If the IRQ
latch is set, the CPU then tests the | bit in the condition code register. If the | bit
is clear, the CPU then begins the interrupt sequence. The CPU clears the IRQ
latch while it fetches the interrupt vector, so another external interrupt request
can be latched during the interrupt service routine. As soon as the | bit is
cleared during the return from interrupt, the CPU can recognize the new
interrupt request.
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LEVEL-SENSTIVETRIGGER  ["CONDITION CODE REGISTER |

INTERRUPT
REQUEST

RESET
@:: EXTERNAL INTERRUPT
BEING SERVICED

(VECTOR FETCH)

(MOR OPTION) HE A NT 2T T
Voo
} EXTERNAL

Figure 4-1. External Interrupt Logic

Interrupt triggering sensitivity of the IRQ/Vpp pin is a programmable option. The
IRQ/Vpp pin can be negative edge-triggered or negative edge- and low
level-triggered. The low level-sensitive triggering option allows the wired-OR
use of multiple external interrupt sources. An external interrupt request is
latched as long as any source is holding the IRQ/Vpp pin low.
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4.1.3 Timer Interrupts
The capture/compare timer can generate the following interrupts:

¢ Input capture interrupt
e Qutput compare interrupt

« Timer overflow interrupt

Setting the | bit in the condition code register disables timer interrupts.

4.1.3.1 Input Capture Interrupt

An input capture interrupt request occurs if the input capture flag, ICF, becomes
set while the input capture interrupt enable bit, ICIE, is also set. ICF is in the
timer status register, and ICIE is in the timer control register. (See
SECTION 8 CAPTURE/COMPARE TIMER.)

4.1.3.2 Output Compare Interrupt

An output compare interrupt request occurs if the output compare flag, OCF,
becomes set while the output compare interrupt enable bit, OCIE, is also set.
OCEF is in the timer status register, and OCIE is in the timer control register.
(See SECTION 8 CAPTURE/COMPARE TIMER.)

4.1.3.3 Timer Overflow Interrupt

A timer overflow interrupt request occurs if the timer overflow flag, TOF,
becomes set while the timer overflow interrupt enable bit, TOIE, is also set. TOF
is in the timer status register, and TOIE is in the timer control register. (See
SECTION 8 CAPTURE/COMPARE TIMER.)
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4.2 Interrupt Processing
The CPU begins servicing an interrupt by taking the following actions:

» Stores the CPU registers on the stack in the order shown in Figure 4-2
» Sets the | bit in the condition code register to prevent further interrupts

* Loads the program counter with the contents of the appropriate interrupt
vector locations:

— $1FFC and $1FFD (software interrupt vector)
— $1FFA and $1FFB (external interrupt vector)
— $1FF8 and $1FF9 (timer interrupt vector)

The return from interrupt (RTI) instruction causes the CPU to recover the CPU
registers from the stack as shown in Figure 4-2.

$00CO (BOTTOM OF STACK)

UNSTACKING $00C1
ORDER $00C2
5 1 CONDITION CODE REGISTER
4 2 ACCUMULATOR
3 3 INDEX REGISTER
2 4 PROGRAM COUNTER (HIGH BYTE)
15 PROGRAM COUNTER (LOW BYTE)

T s :

STACKING oFD
ORDER %,55
$OOFF (TOP OF STACK)

Figure 4-2. Interrupt Stacking Order
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Table 4-1 summarizes the reset and interrupt sources and vector assignments.
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Table 4-1. Reset/Interrupt Vector Addresses

; Local Global Priority Vector
Function Source Mask Mask (1 = Highest) Address
Power-On 1
Reset RESET Pin None None 1 $1FFE-$1FFF
COP Watchdog* 1
Software .
Interrupt User Code None None Same Priority As | g1FFC§1FFD
(SWI) Instruction
External RO : .
Interrupt Q/Vpp Pin None 1 Bit 2 $1FFA-$1FFB
ICF Bit ICIE Bit
Timer Interrupts OCF Bit OCIE Bit | Bit 3 $1FF8-$1FF9
TOF Bit TOIE Bit
*The COP watchdog is a programmable option.
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Figure 4-3 shows the sequence of events caused by an interrupt.

MOTOROLA
4-6

EXTERNAL

INTERRUPT CLEAR IRQLATCH.
?

No >
/

STACK PCL, PCH, X, A, CCR.
SETIBIT.

TIMER
INTEF;RUPT

LOAD PC WITH INTERRUPT
NO VECTOR.
> )
Y
FETCH NEXT
INSTRUCTION.

YES

Y

SWI
INSTRL;CT ION

RESTORE REGISTERS
FROM STACK
CCR, A, X, PCH, PCL.

Y

RTI
INSTRL;CT ION

EXECUTE
INSTRUCTION.

Y

Figure 4-3. Interrupt Flowchart
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SECTION 5
RESETS

This section describes the three reset sources and how they initialize the MCU.
5.1 Reset Sources
The following sources can generate resets:
e Power-on reset (POR) circuit
e RESET pin
e COP watchdog

A reset immediately stops the execution of the instruction in progress, initializes
certain control bits, and loads the program counter with a user-defined reset
vector address. Figure 5-1 is a block diagram of the reset sources.

COPWATCHDOG | _
(PROGRAMMABLE GPTION) [
Vop POWER-ON RESET -J
RESET b > 0 0 5 |-BST 3 10cPUAND SUBSYSTEMS
RESET
LATCH
INTERNAL CLOCK —]}

Figure 5-1. Reset Sources

5.1.1 Power-On Reset
A positive transition on the Vpp pin generates a power-on reset. The power-on
reset is strictly for power-up conditions and cannot be used to detect drops in

power supply voltage.
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A 4064 tcyc (internal clock cycle) delay after the oscillator becomes active
allows the clock generator to stabilize. If the RESET pin is at logic zero at the
end of 4064 tcyc, the MCU remains in the reset condition until the signal on the
RESET pin goes to logic one.

5.1.2 External Reset
A logic zero applied to the RESET pin for one and one-half tcyc generates an
external reset. A Schmitt trigger senses the logic level at the RESET pin.
Figure 5-2 shows an example of an external reset circuit with an open-collector
low voltage inhibit device and a pullup resistor.
Vobo Voo
I 47kQ
LOEV%Z%%E LOWVOLTAGE RESET TORESET PIN
GND
Figure 5-2. Typical External Reset Circuit
5.1.3 Computer Operating Properly (COP) Watchdog Reset
A timeout of the 18-stage ripple counter in the COP watchdog generates a COP
reset. The COP watchdog is part of a software error detection system and must
be cleared periodically to start a new timeout period. With a 4-MHz oscillator,
the COP timeout period is 65.5 ms. To clear the COP watchdog and prevent a
COP reset, write a logic zero to bit 0 (COPC) of the COP register at location
$1FF0. The COP register, shown in Figure 5-3, is a write-only register that
returns the contents of an EPROM location when read.
The COP watchdog function is programmable in the mask option register.
COPR — COP Register $1FFO0
Bit 7 6 5 4 3 2 1 Bit 0
L =1 = [ - T — T = 1T =T — T coec|
RESET: — — — — — — — 0
Figure 5-3. COP Register (COPR)
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COPC — COP Clear
COPC is a write-only bit. Periodically writing a logic zero to COPC prevents the
COP watchdog from resetting the MCU.

5.2 Reset States
The following paragraphs describe how resets initialize the MCU.

5.2.1 CPU
A reset has the following effects on the CPU:
e Loads the stack pointer with $FF
* Sets the | bit in the condition code register, inhibiting interrupts

e Loads the program counter with the user-defined reset vector from
locations $1FFE and $1FFF

e Clears the stop latch, enabling the CPU clock
» Clears the wait latch, waking the CPU from the wait mode
5.2.2 1/0 Port Registers
A reset has the following effects on I/O port registers:

« Clears data direction registers A, B, C, and D so that all I/O port pins are
inputs (PD7/TCAP remains an input-only pin.)

+ Has no effect on port A, port B, port C, or port D data registers
5.2.3 Capture/Compare Timer
A reset has the following effects on the capture/compare timer:
¢ Loads the timer counter with $FFFC

« Clears the timer control register, except for the IEDG bit, with the
following results:

— Clears the ICIE bit, inhibiting input capture interrupts
— Clears the OCIE bit, inhibiting output compare interrupts

— Clears the TOIE bit, inhibiting timer overflow interrupts
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— Clears OLVL, the output compare bit
— Clears the TCMP pin
* Has no effect on the ICF, OCF, and TOF flags in the timer status register

5.2.4 Serial /O Port (SIOP)

A reset clears the SIOP control and status registers and produces the following
results:

* Clears the SPE bit, disabling the SIOP

¢ Clears the MSTR bit, configuring the disabled SIOP for slave mode
operation

* Clears the SPIF and DCOL flags

5.2.5 COP Watchdog
A reset clears the COP watchdog counter.

5.2.6 Analog-to-Digital Converter (ADC)

A reset clears the ADC status and control register and produces the following
results:

* Clears the ADON bit, disabling the ADC
* Clears the CCF flag

* Clears the ADRC bit, configuring the disabled ADC for operation at
internal clock frequency

* Clears bits CH2-CHO, selecting channel 0 as the analog input

MOTOROLA RESETS MC68HC705P6
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SECTION 6
LOW POWER MODES

This section describes the four low power modes:
s Stop mode
¢ Wait mode
* Halt mode (programmable option)
¢ Data-retention mode

6.1 Stop Mode

The STOP instruction puts the MCU in its lowest power-consumption mode and
has the following effects on the MCU:

» Stops the internal oscillator, the CPU clock, and the internal clock,
turning off the capture/compare timer, the COP watchdog, the SIOP, and
the ADC

« Clears the | bit in the condition code register, enabling external interrupts

+ Clears the ICF, OCF, and TOF interrupt flags in the timer status register,
removing any pending timer interrupts

e Clears the ICIE, OCIE, and TOIE bits in the timer control register,
disabling further timer interrupts

The STOP instruction does not affect any other registers or any I/O lines.
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The following events bring the MCU out of stop mode:

* External interrupt — A high-to-low transition on the IRQ/Vpp pin loads
the program counter with the contents of locations $1FFA and $1FFB.

* External reset — A logic zero on the RESET pin resets the MCU and
loads the program counter with the contents of locations $1FFE and
$1FFF.

When the MCU exits stop mode, processing resumes after a stabilization delay
of 4064 oscillator cycles.

If an external interrupt brings the MCU out of stop mode after an active edge
occurred on the PD7/TCAP pin during stop mode, the ICF flag becomes set. An
external interrupt also latches the value in the timer registers into the input
capture registers.

If an external reset brings the MCU out of stop mode after an active edge
occurred on the PD7/TCAP pin during stop mode, the ICF flag does not become
set. An external reset has no effect on the input capture registers.

6.2 Wait Mode

The WAIT instruction puts the MCU in an intermediate power-consumption
mode and has the following effects on the MCU:

* Clears the I bit in the condition code register, enabling interrupts

» Stops the CPU clock, but allows the internal oscillator and internal clock
to continue to run

The WAIT instruction does not affect any other registers or any /O lines.
The following events restart the CPU clock and bring the MCU out of wait mode:

* External interrupt — A high-to-low transition on the IRQ/Vpp pin loads the
program counter with the contents of locations $1FFA and $1FFB.

* Timer interrupt — Input capture, output compare, and timer overflow
interrupts load the program counter with the contents of locations $1FF8
and $1FF9.
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« COP watchdog reset — A timeout of the COP watchdog resets the MCU
and loads the program counter with the contents of locations $1FFE and
$1FFF. Software can enable timer interrupts so that the MCU can
periodically exit wait mode to reset the COP watchdog.

« External reset — A logic zero on the RESET pin resets the MCU and
loads the program counter with the contents of locations $1FFE and
$1FFF.

6.3 Halt Mode

If the SWAIT bit in the mask option register is programmed to logic one, a STOP
instruction puts the MCU in halt mode. The halt mode is identical to the wait
mode, except that a recovery delay of 1-4064 internal clock cycles occurs when
the MCU exits the halt mode. |f SWAIT is programmed to logic one, the COP
watchdog cannot be inadvertently turned off by a STOP instruction.

Figure 6-1 shows the sequence of events in stop, wait, and halt modes.

6.4 Data-Retention Mode

In data-retention mode, the MCU retains RAM contents and CPU register
contents at Vpp Vvoltages as low as 2.0 Vdc. The data-retention feature allows
the MCU to remain in a low power-consumption state during which it retains
data, but the CPU cannot execute instructions.

To put the MCU in data-retention mode:
1. Drive the RESET pin to logic zero.

2. Lower the Vpp voltage. The RESET pin must remain low continuously
during data-retention mode.

To take the MCU out of data-retention mode:
1. Return Vpp to normal operating voltage.

2. Return the RESET pin to logic one.
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WAIT
SWAIT Y
? HALT

BIT SET? \
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CLEAR TIMER PRESCALER. TURN OFF CPU CLOCK. TURN OFF CPU CLOCK.
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EXTERNAL EXTERNAL

RESET ?
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INTERRUPT 2
/
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START STABILIZATION DELAY.
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>
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(1) LOAD PC WITH RESET VECTOR
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(2) SERVICE INTERRUPT.

a. SAVE CPU REGISTERS ON STACK.
b. SET IBIT IN CCR

¢. LOAD PC WITH INTERRUPT VECTOR.

Figure 6-1. STOP/HALT/WAIT Flowchart
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SECTION 7
PARALLEL 1/O

This section describes the four bidirectional 1/O ports.

7.1 /0 Port Function

Twenty bidirectional I/O pins and one input-only pin form four parallel 1/0 ports.
The 20 bidirectional I/O pins are programmable as inputs or outputs through the
four data direction registers.

NOTE

Connect any unused inputs and I/O pins to an appropriate logic
level, either Vpp or Vss. Although the 1/O ports do not require
termination for proper operation, termination reduces excess
current consumption and the possibility of electrostatic damage.

7.2 Port A
Port A is an 8-bit general-purpose bidirectional I/O port.

7.2.1 Port A Data Register (PORTA)

The port A data register, shown in Figure 7-1, contains a data latch for each of
the eight port A pins.
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PORTA — Port A Data Register $0000
Bit7 6 5 4 3 2 1 Bit0
L PA7 | Pas | PAs | PA¢ | PAS | PA2 | PA1 | PA0 |
RESET: UNAFFECTED BY RESET

Figure 7-1. Port A Data Register (PORTA)

PA7-PAO — Port A Data Bits
These read/write bits are software-programmable. Data direction of each bit is
under the control of the corresponding bit in data direction register A. Resets have
no effect on port A data.

7.2.2 Data Direction Register A (DDRA)

Data direction register A, shown in Figure 7-2, determines whether each port A
pin is an input or an output. Writing a logic one to a DDRA bit enables the
output buffer for the corresponding port A pin; a logic zero disables the output

buffer.
DDRA — Data Direction Register A $0004
Bit7 6 5 4 3 2 1 Bit 0
| DDRA7 | DDRA6 | DDRAS | DDRA¢ | DDRA3 | DDRA2 | DDRA1 | DDRAO |
RESET: 0 0 0 0 0 0 0 0

Figure 7-2. Data Direction Register A (DDRA)

DDRA7-DDRAQ — Port A Data Direction Bits
These read/write bits control port A data direction. A reset clears all DDRA bits,
configuring all port A pins as inputs.
1 = Corresponding port A pin configured as output
0 = Corresponding port A pin configured as input
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NOTE

Avoid glitches on port A pins by writing to the port A data register
before changing data direction register A bits from O to 1.

Figure 7-3 shows the port A I/O logic.

INTERNAL
DATA BUS

T

_ READ DDRA ($0004)

WRITE DDRA ($0004) > DATA DIRECTION

REGISTER A
RESET —>» BIT DDRAX
WRITE PORTA (50000) PORT ADATA
BIT PAX ?.‘
|« READ PORTA ($0000) 4 }L’l
] ~

=i

Figure 7-3. Port A I/O Circuit

When a port A pin is programmed as an output, reading the port bit reads the
value of the data latch and not the voltage on the pin. When a port A pin is
programmed as an input, reading the port bit reads the voltage level on the pin.
The data register can always be written, regardless of the state of its DDRA bit.
Table 7-1 summarizes the operations of the port A pins.
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Table 7-1. Port A Pin Functions

Accesses Accesses
DDRA Bit PORTA Bit | l/O Pin Mode to DDRA to PORTA
Read/Write Read Write
0 X Input, hi-Z DDRA7-0 Pin NOTE 2
1 X Output DDRA7-0 PA7-0 PA7-0
NOTES:

1. X=don't care.
2. Writing affects data register, but does not affect input.
3. Hi-Z = high impedance.

7.3 Port B

Port B is a 3-bit general-purpose bidirectional I/O port that shares its pins with
the serial I/0 port (SIOP) subsystem. Port B is available for general-purpose 1/0
functions when the SIOP is disabled. While the SIOP is enabled and a serial
data transmission is in progress, writing to the port B data register or to bits
DDRB7-5 of data direction register B can corrupt the SIOP data. (See 9.2.1
SIOP Control Register (SCR).)

Port B Data Register (PORTB)

The port B data register, shown in Figure 7-4, contains a data latch for each of
the three port B pins.

7.3.1

PORTB — Port B Data Register $0001
Bit 7 6 5 4 3 2 1 Bit 0
| pe7 | pee | PBs | o 0 0 o | o ]
RESET: UNAFFECTED BY RESET
ALTERNATE
FUNCTION:  SCK SDI SDO

Figure 7-4. Port B Data Register (PORTB)

PB7-PB5 — Port B Data Bits
These read/write bits are software-programmable. Data direction of each bit is
under the control of the corresponding bit in data direction register B. Resets have
no effect on port B data.

Bits 4-0 — Not used
Bits 4-0 always read as logic zeros. Writes to these bits have no effect.
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7.3.2 Data Direction Register B (DDRB)

Data direction register B determines whether each port B pin is an input or an
output. (See Figure 7-5.) Writing a logic one to a DDRB bit enables the output
buffer for the corresponding port B pin; a logic zero disables the output buffer.

DDRC — Data Direction Register B $0005
Bit 7 6 5 4 3 2 1 Bit 0
[oome7 [ oomes [ oomes | 1 | 1 | 1 [ 1 [ 1 |
RESET: 0 0 0 1 1 1 1 1

Figure 7-5. Data Direction Register B (DDRB)

DDRB7-DDRB5 — Port B Data Direction Bits

These read/write bits control port B data direction. A reset clears DDRB7-DDRBS,
configuring pins PB7-PB5 as inputs.

1 = Corresponding port B pin configured as output
0 = Corresponding port B pin configured as input

Bits 4—0 — Not used
Bits 4-0 always read as logic ones. Writes to these bits have no effect.

NOTE

Avoid glitches on port B pins by writing to the port B data register
before changing data direction register B bits from 0 to 1.
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Figure 7-6 shows the port B I/O logic.

DATA BUS
"] _READ DDRB ($0005)
WARITE DDRB (§0005 [oaTa oECTION
ISTERB
RESET —>! 'BIT DDRBX
WRITE PORTB ($0001) >| ORTSDATA
BIT PBx
READ PORTB (80001)

2

Y

- N

Figure 7-6. Port B 1/O Circuit

When a port B pin is programmed as an output, reading the port bit actually
reads the value of the data latch and not the voltage on the pin. When a port B
pin is programmed as an input, reading the port bit reads the voltage level on
the pin. The data latch can always be written, regardless of the state of its
DDRB bit. Table 7-2 summarizes the operation of the port B pins.

Table 7-2. Port B Pin Functions

Accesses Accesses
DDRB Bit PORTB Bit [l/O Pin Mode to DDRB to PORTB
Read/Write Read Write
0 X Input, hi-Z DDRB7-5 Pin NOTE 2
1 X Output DDRB7-5 PB7-5 PB7-5
NOTES:
1. X=don't care.
2. Writing affects data register, but does not affect input.
3. Hi-Z = high impedance.
MOTOROLA PARALLEL 1/0 MC68HC705P6
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7.4 Port C
Port C is an 8-bit general-purpose bidirectional I/0O port that shares five of its
pins with the analog-to-digital converter (ADC) subsystem. The five shared pins
are available for general-purpose I/O functions when the ADC is disabled.
While the ADC is enabled, writing to bits PC7-3 of the port C data register or to
bits DDRC7-3 of data direction register C can produce unpredictable ADC
results. (See 10.2.1 ADC Status and Control Register (ADSCR).)

7.4.1 Port C Data Register (PORTC)
The port C data register, shown in Figure 7-7, contains a data latch for each of

the eight port C pins.
PORTC — Port C Data Register $0002
Bit7 6 5 4 3 2 1 Bit 0
[ pcz | pPcs | Pos | Pce pcsa | Pc2 pct | pco |
RESET: UNAFFECTED BY RESET
ALTERNATE
FUNCTION:  Vau ANO AN1 AN2 AN3

Figure 7-7. Port C Data Register (PORTC)

PC7-PC0 — Port C Data Bits
These read/write bits are software-programmable. Data direction of each bit is
under the control of the corresponding bit in data direction register C. Resets have
no effect on port C data.
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7.4.2 Data Direction Register C (DDRC)

Data direction register C determines whether each port C pin is an input or an
output. (See Figure 7-8.) Writing a logic one to a DDRC bit enables the output
buffer for the corresponding port C pin; a logic zero disables the output buffer. A
reset initializes all DDRC bits to logic zero, configuring all port C pins as inputs.

DDRC — Data Direction Register C $0006
Bit 7 6 5 4 3 2 1 Bito
| borc7 | DDRes | DDRes | DDRcs | DDRca | DDRc2 | DDRCt | DDRco |
RESET: 0 0 0 0 0 0 0 0

Figure 7-8. Data Direction Register C (DDRC)

DDRC7-DDRCO — Port C Data Direction Bits
These read/write bits control port C data direction. A reset clears all DDRC bits,
configuring all port C pins as inputs.
1 = Corresponding port C pin configured as output
0 = Corresponding port C pin configured as input

NOTE

Avoid glitches on port C pins by writing to the port C data register
before changing data direction register C bits from 0 to 1.

MOTOROLA PARALLEL 1/0 MC68HC705P6
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Figure 7-9 shows the port C I/O logic.

N

ol

INTERNAL
DATA BUS
" READ DDRC ($0006)
WRITE DDRC ($0006; DATA DIRECTION
REGISTER C
RESET —> 'BIT DDRCx
WARITE PORTC (§0002) PO DA
BIT PCx ‘?q
. READ PORTC (§0002) I g

~N

Figure 7-9. Port C I/O Circuit

When a port C pin is programmed as an output, reading the port bit actually
reads the value of the data latch and not the voltage on the pin. When a port C
pin is programmed as an input, reading the port bit reads the voltage level on
the pin. The data register can always be written, regardless of the state of its
DDRC bit. Table 7-3 summarizes the operation of the port C pins.

Table 7-3. Port C Pin Functions

Accesses Accesses
DDRC Bit PORTC Bit |1/0 Pin Mode to DDRC to PORTC
Read/Write Read Write
0 X Input, hi-Z DDRC7-0 Pin NOTE 2
1 X Output DDRC7-0 PC7-0 PC7-0
NOTES:
1. X=don' care.
2. Writing affects data register, but does not affect input.
3. Hi-Z = high impedance.
MC68HC705P6 PARALLEL 1/0 MOTOROLA
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7.5 Port D
Port D is a 2-bit general-purpose 1/O port with one bidirectional pin, PD5, and
one input-only pin, PD7/TCAP. Port D shares pin PD7/TCAP with the
capture/compare timer. PD7/TCAP is always available for general-purpose /O
functions, and the state of the pin can be read from the port D data register at
any time.

7.5.1 Port D Data Register (PORTD)

The port D data register, shown in Figure 7-10, contains a data latch for each of
the two port D pins.

PORTD — Port D Data Register $0003
Bit 7 6 5 4 3 2 1 Bit 0
[ o7 | o | pPs | 1 0 0 o [ o ]
RESET: UNAFFECTED BY RESET
ALTERNATE

FUNCTION: TCAP

Figure 7-10. Port D Data Register (PORTD)

PD7 — This read/write bit is software-programmable. The PD7/TCAP pin can be a
general-purpose input even when the timer is using it as the input capture pin. Resets
have no effect on PD7.

PD5 — This read/write bit is software-programmable. Data direction of PD5 is under
the control of bit DDRDS5 in data direction register D. Resets have no effect on PD5.

Bit 6 and Bits 4-0 — Not used
Bit 6 and bits 4-0 always read as logic zeros. Writes to these bits have no effect.
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7.5.2 Data Direction Register D (DDRD)

Bit DDRD5 in data direction register D, shown in Figure 7-11, determines
whether pin PD5 is an input or an output. Writing a logic one to bit DDRD5
enables the output buffer for pin PD5; a logic zero disables the output buffer.

DDRD — Data Direction Register D $0007
Bit 7 6 5 4 3 2 1 Bit 0
| o [ o Joors | o [ o | o | o [ o ]
RESET: 0 0 0 0 0 0 0 0

Figure 7-11. Data Direction Register D (DDRD)

DDRDS5 — PD5 Data Direction Bit
This read/write bit controls pin PD5 data direction. A reset clears DDRDS5,
configuring pin PD5 as an input.
1 = Pin PD5 configured as output
0 = Pin PD5 configured as input

Bits 7-6 and bits 4-0 — Not used
Bits 7-6 and 4-0 always read as logic zeros. Writes to these bits have no effect.

NOTE
Avoid glitches on PD5 by writing to PD5 before changing DDRD5
from O to 1.
MC88HC705P6 PARALLEL /0 MOTOROLA
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Figure 7-12 shows the port D /O logic.

INTERNAL
DATABUS
| READ DDRD ($0007)
WRITE DDRD ($0007) | DATA DIRECTION
REGISTER D
RESET —>| BT DDRDX
WRITE PORTD ($0003) | PORTDDATA
BIT PDx ‘?__
READ PORTD (§0003 . &1
N

=i

Figure 7-12. Port D I/O Circuit

When pin PD5 is programmed as an output, reading the port bit actually reads
the value of the data latch and not the voltage on the pin. When pin PD5 is
programmed as an input, reading bit PD5 reads the voltage level on the pin. Bit
PD5 can always be written, regardless of the state of bit DDRD5 in data
direction register D. Table 7-4 summarizes the operation of the port D pins.

Table 7-4. Port D Pin Functions

Accesses Accesses
DDRD Bit PORTD Bit |1/O Pin Mode to DDRD to PORTD
Read/Write Read Write
0 X Input, hi-Z DDRD5 Pin NOTE 2
1 X Output DDRD5 PD5 PD5
NOTES:
1. X=don't care.
2. Writing affects data register, but does not affect input.
3. Hi-Z = high impedance.
MOTOROLA PARALLEL /0 MC68HC705P6
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SECTION 8
CAPTURE/COMPARE TIMER

This section describes the operation of the 16-bit capture/compare timer. Figure
8-1 shows the organization of the capture/compare timer subsystem.

EDGE 1 [ i
PO7/
FOm |->{ SELECTIDETECT [—9>p  ICRH (80014) | IcAL(s0015) |
LOGIC ~
‘ Hﬁ' %S 35 3l
[
| TRH@oots) | TRL(so0t9) | [ ATRH($001A) |  ATRL (s0018) J

ﬁl? Hﬁr W

1 16-BIT COUNTER !(— INTERNAL CLOCK (XTAL +2)

~z ~z

| 16-BIT COMPARATOR [ > PIN LCQNWEROL
z= =

| ocmH(soote) | OCRL(s0017) |

T ¢

OVERFLOW

TIMER
INTERRUPT
REQUEST
£§EIII§§ t)|8L§l|]ll
$0012 | TIMER CONTROL REGISTER | [ TMER STATUS REGISTER | $0013
L i
INTERNAL DATA BUS
Figure 8-1. Timer Block Diagram
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8.1 Timer Operation

8.1.1

The core of the capture/compare timer is a 16-bit free-running counter. The
counter is the timing reference for the input capture and output compare
functions. The input capture and output compare functions provide a means to
latch the times at which external events occur, to measure input waveforms, and
to generate output waveforms and timing delays. Software can read the value
in the 16-bit free-running counter at any time without affecting the counter
sequence.

Because of the 16-bit timer architecture, the 1/O registers for the input capture
and output compare functions are pairs of 8-bit registers.

Because the counter is 16 bits long and preceded by a fixed divide-by-four
prescaler, the counter rolls over every 262,144 internal clock cycles. Timer
resolution with a 4-MHz crystal is 2 ps.

Input Capture

The input capture function is a means to record the time at which an external
event occurs. When the input capture circuitry detects an active edge on the
PD7/TCAP pin, it latches the contents of the timer registers into the input capture
registers. The polarity of the active edge is programmable.

Latching values into the input capture registers at successive edges of the same
polarity measures the period of the input signal on the PD7/T CAP pin. Latching
the counter values at successive edges of opposite polarity measures the pulse
width of the signal. Figure 8-2 shows the logic of the input capture function.
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15 $0018 8 7
L TIMER REGISTER HIGH I

I .,

$0019 0
TIMERREGISTERLOW |

g€ .

15
EDGE
TCAP s&eggg‘rem Y3 £ INPUT CAPTURE REGISTER HIGH | NPUT CAPTURE REGISTER ow |
$0014 $0015
= 5 TIMER INTERRUPT
| } > " REQUEST
wow w
8 8 3 ggsp
| | | | | | | | I | | | |
| TIMER CONTROL REGISTER | |  TMERsTATUS REGISTER |
$0012 é $0013

Figure 8-2. Input Capture Operation

8.1.2 Output Compare

The output compare function is a means of generating an output signal when
the 16-bit counter reaches a selected value. Software writes the selected value
into the output compare registers. On every fourth internal clock cycle the
output compare circuitry compares the value of the counter to the value written
in the output compare registers. When a match occurs, the timer transfers the
programmable output level bit (OLVL) from the timer control register to the
TCMP pin.

Software can use the output compare register to measure time periods, to
generate timing delays, or to generate a pulse of specific duration or a pulse
train of specific frequency and duty cycle on the TCMP pin. Figure 8-3 shows
the logic of the output compare function.

MOTOROLA
8-3

MC68HC705P6 CAPTURE/COMPARE TIMER

REV. 1

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



15

Freescale Semiconductor, Inc.

[ counteRHIGHBYTE COUNTER LOW BYTE
SZ SZ PIN
| 16-BIT COMPARATOR Il CONTROL f—{TcmP
AN PN LOGIC
15 8 7 0
[ UTPUT COMPARE REGISTER HIGH_| OUTPUT COMPARE REGISTER LOW |
50016 $0017
— TIMER
INTERRUPT
REQUEST
w Eow w
g8 e 5 88
| | 1 il Il Il | | Il | I | Il
[ TmercontRoLreaisTER | [ TMERsTATUsReaisTER |
$0012 $0013

8.2 Timer I/O Registers

Figure 8-3. Output Compare Operation

The following registers control and monitor the operation of the timer:

* Timer control register (TCR)

« Timer status register (TSR)

* Timer registers (TRH and TRL)

» Alternate timer registers (ATRH and ATRL)

* Input capture registers (ICRH and ICRL)

e OQutput compare registers (OCRH and OCRL)
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8.2.1 Timer Control Register (TCR)
The timer control register, shown in Figure 8-4, performs the following functions:

« Enables input capture interrupts

+ Enables output compare interrupts

¢ Enables timer overflow interrupts

« Controls the active edge polarity of the TCAP signal

« Controls the active level of the TCMP output

TCR — Timer Control Register $0012
Bit7 6 5 4 3 2 1 Bit 0
[ ice [ ocE | ToE 0 0 0 IEDG | oLvL |
RESET: 0 0 0 0 0 0 u 0

U =UNAFFECTED

Figure 8-4. Timer Control Register (TCR)

ICIE — Input Capture Interrupt Enable
This read/write bit enables interrupts caused by an active signal on the TCAP pin.
Resets clear the ICIE bit.
1 = Input capture interrupts enabled
0 = Input capture interrupts disabled

OCIE — Output Compare Interrupt Enable
This read/write bit enables interrupts caused by an active signal on the TCMP pin.
Resets clear the OCIE bit.
1 = Output compare interrupts enabled
0 = Output compare interrupts disabled

TOIE — Timer Overflow Interrupt Enable
This read/write bit enables interrupts caused by a timer overflow. Resets clear the
TOIE bit.
1 = Timer overflow interrupts enabled
0 = Timer overflow interrupts disabled

MC68HC705P6 CAPTURE/COMPARE TIMER MOTOROLA
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IEDG — Input Edge
The state of this read/write bit determines whether a positive or negative transition
on the TCAP pin triggers a transfer of the contents of the timer register to the input
capture register. Resets have no effect on the IEDG bit.
1 = Positive edge (low to high transition) triggers input capture
0 = Negative edge (high to low transition) triggers input capture

OLVL — Output Level
The state of this read/write bit determines whether a logic one or a logic zero
appears on the TCMP pin when a successful output compare occurs. Resets clear
the OLVL bit.
1 = TCMP goes high on output compare
0 = TCMP goes low on output compare

8.2.2 Timer Status Register (TSR)

The timer status register, shown in Figure 8-5, contains flags for the following
events:

* An active signal on the TCAP pin, transferring the contents of the timer
registers to the input capture registers

* A match between the 16-bit counter and the output compare registers,
transferring the OLVL bit to the TCMP pin

* A timer rollover from $FFFF to $0000

TSR — Timer Status Register $0012
Bit 7 6 5 4 3 2 1 Bit 0
[ cF | ocF | ToF 0 0 0 o | o ]

RESET: U U U 0 0 0 0 0
U=UNAFFECTED

Figure 8-5. Timer Status Register (TSR)

ICF — Input Capture Flag
The ICF bit is automatically set when an edge of the selected polarity occurs on the
TCAP pin. Clear the ICF bit by reading the timer status register with ICF set, and
then reading the low byte ($0015) of the input capture registers. Resets have no
effect on ICF.

MOTOROLA CAPTURE/COMPARE TIMER MC68HC705P6
8-6 REV. 1

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



Freescale Semiconductor, Inc.

OCF — Output Compare Flag
The OCF bit is automatically set when the value of the timer registers matches the
contents of the output compare registers. Clear the OCF bit by reading the timer
status register with OCF set, and then accessing the low byte ($0017) of the output
compare registers. Resets have no effect on OCF.

TOF — Timer Overflow Flag
The TOF bit is automatically set when the 16-bit counter rolls over from $FFFF to
$0000. Clear the TOF bit by reading the timer status register with TOF set, and then
accessing the low byte ($0019) of the timer registers. Resets have no effect on
TOF.

8.2.3 Timer Registers (TRH and TRL)

The timer registers, shown in Figure 8-6, contain the current high and low bytes
of the 16-bit counter. Reading TRH before reading TRL causes TRL to be
latched until TRL is read. Reading TRL after reading the timer status register
clears the timer overflow flag (TOF). Writing to the timer registers has no effect.

TRH and TRL — Timer Register High/Low $0018 and $0019
$0018 Bit 15 14 13 12 11 10 9 Bit 8
$0019 Bit 7 6 5 4 3 2 1 Bit 0

Reset initializes the timer registers to $FFFC.

Figure 8-6. Timer Registers (TRH and TRL)

Reading TRH returns the current value of the high byte of the counter and
causes the low byte to be latched into a buffer, as shown in Figure 8-7. The
buffer value remains fixed even if the high byte is read more than once.
Reading TRL reads the transparent low byte buffer and completes the read
sequence of the timer registers.
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INTERNAL DATA BUS
@ —

7 0

— 2> LOWBYTEBUFFER |

. N

$018 | TIMERREGISTER HIGH [ TIMER REGISTER LOW | soote

READ TRH

Figure 8-7. Timer Register Reads

NOTE

To prevent interrupts from occurring between readings of TRH and
TRL, set the interrupt flag in the condition code register before
reading TRH, and clear the flag after reading TRL.

8.2.4 Alternate Timer Registers (ATRH and ATRL)

The alternate timer registers, shown in Figure 8-8, contain the current high and
low bytes of the 16-bit counter. Reading ATRH before reading ATRL causes
ATRL to be latched until ATRL is read. Reading does not affect the timer
overflow flag (TOF). Writing to the alternate timer registers has no effect.

ATRH and ATRL — Alternate Timer Register High/Low $001A and $001B
$001A Bit 15 14 13 12 1 10 9 Bit 8
$001B Bit 7 6 5 4 3 2 1 Bit 0

Reset initializes the alternate timer registers to $FFFC.

Figure 8-8. Alternate Timer Registers (ATRH and ATRL)

Reading ATRH returns the current value of the high byte of the counter and
causes the low byte to be latched into a buffer, as shown in Figure 8-9. The
buffer value remains fixed even if the high byte is read more than once.
Reading ATRL reads the transparent low byte buffer and completes the read
sequence of the alternate timer registers.
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INTERNAL DATA BUS
E— , )

7 0
LATH, LOW BYTE BUFFER |

15 8 7 0
$001A [ ALTERNATE TIMER REGISTERHIGH | ALTERNATE TIMER REGISTER LOW | so018

L

READ ATRH

Figure 8-9. Alternate Timer Register Reads

NOTE

To prevent interrupts from occurring between readings of ATRH
and ATRL, set the interrupt flag in the condition code register
before reading ATRH, and clear the flag after reading ATRL.

8.2.5 Input Capture Registers (ICRH and ICRL)

When a selected edge occurs on the TCAP pin, the current high and low bytes
of the 16-bit counter are latched into the input capture registers, as shown in
Figure 8-10. Reading ICRH before reading ICRL inhibits further captures until
ICRL is read. Reading ICRL after reading the timer status register clears the
input capture flag (ICF). Writing to the input capture registers has no effect.

ICRH and ICRL — Input Capture Register High/Low $0014 and $0015
$0014 Bit 15 14 13 12 1 10 9 Bit8
$0015 Bit 7 6 5 4 3 2 1 Bit 0

Reset does not affect the input capture registers.

Figure 8-10. Input Capture Registers (ICRH and ICRL)
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NOTE

To prevent interrupts from occurring between readings of ICRH
and ICRL, set the interrupt flag in the condition code register
before reading ICRH, and clear the flag after reading ICRL.

8.2.6 Output Compare Registers (OCRH and OCRL)

When the value of the 16-bit counter matches the value in the output compare
registers, shown in Figure 8-11, the planned TCMP pin action takes place.
Writing to OCRH before writing to OCRL inhibits timer compares until OCRL is
written. Reading or writing to OCRL after reading the timer status register clears
the output compare flag (OCF).

OCRH and OCRL — Output Compare Register High/Low $0016 and $0017

$0016 Bit 15 14 13 12 11 10 9 Bit 8
$0017 Bit 7 6 5 4 3 2 1 Bit 0
Reset does not affect the output compare registers.

Figure 8-11. Output Compare Registers (OCRH and OCRL)

To prevent OCF from being set between the time it is read and the time the
output compare registers are updated, use the following procedure:

1. Disable interrupts by setting the | bit in the condition code register.
2. Write to OCRH. Compares are now inhibited until OCRL is written.
3. Clear bit OCF by reading the timer status register (TSR).
4. Enable the output compare function by writing to OCRL.

5. Enable interrupts by clearing the | bit in the condition code register.
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SECTION 9
SERIAL /0 PORT (SIOP)

shows the structure of the SIOP subsystem.

[ mAsKOPTION REGISTER |

Il

lzlelsl 11
5| &|a

MsB

LSB

Figure 9-1

I— SIOP DATA REGISTER

PBS/
SDO

SDI

PB7/
SCK

SHIFT DIRECTION CONTROLLED BY «
MASK OPTION REGISTER ]
[=]
2
o
7 ~
$ SHIFT 3
INTERNAL CLOCK cLock g
(XTAL +2) +4 | siopcLock 8
(MASTER 2
> *® MODE) cLlock | =
Ll Ll
+16 - LOGIC
o
+32 g \
o
s I w
1 o
5 = 2} g w
=2 o
<
SIOP CONTROL SPE
P [2
=8 g B
[ZRN=] ow =
Y | | |11} I | [
[ siopsTaTus ReaisTER | [ siop conTRoL REGISTER |

MC68HC705P6
REV. 1

<

INTERNAL
DATA BUS

Figure 9-1. SIOP Block Diagram
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9.1 SIOP Operation

9.1.1

The SIOP enables high-speed synchronous serial data transmission between
the MCU and peripheral devices. Shift registers used with the SIOP can
increase the number of parallel /0 pins controlled by the MCU. More powerful
peripherals such as analog-to-digital converters and real-time clocks are also
compatible with the SIOP. A programmable option allows the SIOP to transmit
data MSB-first or LSB-first.

SIOP Pin Functions

The SIOP uses the three port B I/O pins. Setting the SPE bit in the SIOP control
register enables the SIOP. When the SPE bit is set, the PB7/SCK, PB6/SDI,
and PB5/SDO pins are dedicated to SIOP functions. When the SPE bit is clear,
the PB7/SCK, PB6/SDI, and PB5/SDO pins are bidirectional port B I/O pins.

Setting the MSTR bit in the SIOP control register configures the SIOP for master
mode. In master mode, the PB7/SCK pin is the serial clock output. PB6/SDI is
the serial data input pin, and PB5/SDO is the serial data output pin. The master
MCU initiates and controls the transmission of data to and from one or more
slave peripheral devices. In master mode, a transmission is initiated by writing
to the SIOP data register. Data written to the SIOP data register is
parallel-loaded and shifted out serially to the slave device(s).
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Serial Clock

The PB7/SCK pin synchronizes the movement of data into and out of the MCU
through the PB6/SDI and PB5/SDO pins. In master mode, the PB7/SCK pin is
an output. The transmission rate for master mode is programmable through the
mask option register. (See 11.3 Mask Option Register (MOR).)

In slave mode, the PB7/SCK pin is an input. The maximum serial clock rate for
slave mode is the maximum internal clock rate divided by four. There is no
minimum serial clock frequency for slave mode.

Figure 9-2 shows the timing relationships between the serial clock, data input,
and data output. The state of the serial clock between transmissions is a logic
one. The first falling edge on the PB7/SCK pin signals the beginning of a
transmission, and data appears at the PB5/SDO pin. Data is captured at the
PB6/SDI pin on the rising edge of the serial clock, and the transmission ends on
the eighth rising edge of the serial clock.

! ! | ! | i 1 | | 1 | | | '

DATA OUTPUT ‘ ‘l}i’l’lllll
(MSB-FIRST OPTION) :>|(_M'Sl)|( B':G)|( 81:5 Xl BT4 XI B«:a ‘ BT? | l1 I 1s8
LG S GED XD B 1D €19 I I W

y

PB7/SCK

Figure 9-2. SIOP Data/Clock Timing

Valid serial data input (SDI) data must be present for an SDI setup time before
the rising edge of the serial clock and must remain valid for an SDI hold time
after the rising edge of the serial clock. (See 13.9 SIOP Timing (Vpp = 5.0
vdc) and 13.10 SIOP Timing (Vpp =3.3 Vdc).)

Between transmissions, the state of the PB5/SDO pin reflects the value of the
last bit received on the previous transmission. On the first falling edge on the
PB7/SCK pin, the first data bit to be shifted out appears at the PB5/SDO pin.
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9.1.3 Data Movement
Connecting the SIOP data register of a master MCU with the SIOP of a slave
MCU forms a 16-bit circular shift register. During a SIOP transmission, the
master shifts out the contents of its SIOP data register on its PB5/SDO pin. At
the same time, the slave MCU shifts out the contents of its SIOP data register on
its SDO pin. Figure 9-3 shows how the master and slave exchange the
contents of their data registers.

s00 S0
> ———  SIOP SHIFT REGISTER
s sDi
«<—|  SIOPSHIFTREGISTER  |——— >
scK (> scK
MCU (MASTER MODE) MCU (SLAVE MODE)

NOTE: Both MCUs shown are programmed for MSB first data format.

Figure 9-3. Master/Slave SIOP Shift Register Operation

9.2 SIOP /O Registers
The following registers control and monitor SIOP operation:

* SIOP control register (SCR)
* SIOP status register (SSR)
* SIOP data register (SDR)

9.2.1 SIOP Control Register (SCR)

The read/write SIOP control register, shown in Figure 9-4, contains two bits.
One bit enables the SIOP, and the other configures the SIOP for master mode
or for slave mode.
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SCR — SIOP Control Register $000A
Bit7 6 5 4 3 2 1 Bit 0
[ o [ sPE | o [ msm ]| o | o | o [ o |
RESET: 0 0 0 0 0 0 0 0

Figure 9-4. SIOP Control Register (SCR)

SPE — SIOP Enable
This read/write bit enables the SIOP. Clearing the SPE bit during a transmission
aborts the transmission and returns port B to its normal I/O function. After clearing
the SPE bit, be sure to initialize the port B data direction register for the intended
port B I/O use. Resets clear SPE.
1 = SIOP enabled
0 = SIOP disabled

MSTR — Master Mode Select
This read/write bit configures the SIOP for master mode. Setting MSTR initializes
the PB7/SCK pin as the serial clock output. Clearing MSTR initializes the
PB7/SCK pin as the serial clock input. Resets clear MSTR.
1 = Master mode selected
0 = Slave mode selected

9.2.2 SIOP Status Register (SSR)
The read/write SIOP status register, shown in Figure 9-5, contains two bits. One
bit indicates that a SIOP transmission is complete, and the other indicates that
an access of the SIOP data register occurred while a transmission was in

progress.

SSR — SIOP Status Register $000B

Bit 7 6 5 4 3 2 1 Bit 0
[sPF [ ocoL [ o | o [ o [ o [ o [ o |
RESET: 0 0 0 0 0 0 0 0
Figure 9-5. SIOP Status Register (SSR)
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SPIF — SIOP Interrupt Flag
This clearable, read-only bit is set automatically at the end of a transmission. Clear
the SPIF bit by reading the SIOP status register with SPIF set, and then reading or
writing the SIOP data register. Resets clear the SPIF bit.
1 = Serial transmission complete
0 = Serial transmission not complete

DCOL — Data Collision
This clearable, read-only bit is set if the SIOP data register is read or written during
a transmission. Clear the DCOL bit by reading the SIOP status register with the
SPIF bit set, and then reading or writing the SIOP data register. Resets clear the
DCOL bit.
1 = Invalid access of SIOP data register
0 = No invalid access of SIOP data register

9.2.3 SIOP Data Register (SDR)

The SIOP data register, shown in Figure 9-6, is both the transmit data register
and the receive data register. To read or write the SIOP data register, the SPE
bit in the SIOP control register must be set.

SDR — SIOP Data Register $000C
[ 87 [ 6 | s [ &« | s | =2 | 1 [ sto |
RESET: 0 0 0 0 0 0 0 0

Figure 9-6. SIOP Data Register (SDR)

With the SIOP configured as master, writing to the SIOP data register initiates a
serial transmission. This register is not buffered. Writing to the SIOP data
register overwrites the previous contents. Reading or writing to the SIOP data
register while a transmission is in progress can cause invalid data to be
transmitted or received.
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SECTION 10
ANALOG-TO-DIGITAL CONVERTER (ADC)

This section describes the four-channel, 8-bit, successive approximation ADC.
10.1 ADC Operation

Figure 10-1 shows the structure of the ADC.

PCY/
AN3

> COMPARATOR

INPUT
MULTIPLEXER

ANO DIGITAL-TO-ANALOG
CONVERTER

PC7/ ﬁ?

VRH
CONTROL |

o o e
y

LOGIC
Vss \ ) INTERNAL
L___ cLOCK
, — (XTAL +2)
INTERNAL
RC
olz OSCILLATOR
w lac aNl—-lo
5128| 8|38
[ | \L
ADSCR(S001E) | | ADDR (8001D) |
1= L INTERNAL
' ‘VA:> DATABUS
Figure 10-1. ADC Block Diagram
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A multiplexer selects one of four external analog signals for sampling. The
CH2-CHO bits in the ADC status and control register (ADSCR) control input
selection.

A comparator makes successive comparisons of the selected analog input and
the output of a precision digital-to-analog converter (DAC). Control logic
changes the input to the DAC one bit at a time, starting with the MSB, until the
DAC output matches the selected analog input. The conversion is monotonic
and has no missing codes. At the end of 32 internal clock cycles, the
conversion complete (CC) flag becomes set, and the digital conversion is
readable in the ADC data register (ADDR).

For ratiometric conversion, the supply voltage of the analog source should be
the same as VRH and be referenced to Vss. An analog input voltage equal to
VRH converts to digital $FF; an input voltage greater than VgH converts to $FF
with no overflow. An analog input voltage equal to Vss converts to digital $00.

10.1.1 Pin Functions

Port C shares five of its pins with the ADC. The following paragraphs describe
the ADC pin functions.

10.1.1.1 PC7/VRH

The PC7/VgH pin supplies the high reference voltage for the ratiometric
conversion process. The low reference is connected internally to Vss.

10.1.1.2 PC6/ANO, PC5/AN1, PC4/AN2, and PC3/AN3
PC6/ANO, PC5/AN1, PC4/AN2, and PC3/AN3 are the analog inputs to the ADC.

10.1.2 Conversion Accuracy
Conversion accuracy of £1.5 LSB is guaranteed when VRH = Vpp.

10.1.3 Conversion Time

Each input conversion takes 32 internal clock cycles. The internal clock
frequency must be equal to or greater than 1 MHz.

MOTOROLA ANALOG-TO-DIGITAL CONVERTER (ADC) MC68HC705P6
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10.1.4 Internal RC Oscillator

If the internal clock frequency is less than 1 MHz, the internal RC oscillator must
be used for the ADC clock instead of the internal clock. The nominal frequency
of the RC oscillator is 1.5 MHz. Select the internal RC oscillator by setting the

ADRC bit in the ADSCR.

Since the RC oscillator is not synchronous with the internal clock, software must
rely on the CC bit to determine when each conversion process is complete.

Using the RC oscillator may slightly degrade ADC accuracy. The ADC reads
voltages only during the periods when the clock driving it is not changing. But
since the RC oscillator and the internal clock are not synchronous, the ADC
occasionally reads voltages during internal clock transitions.

When the internal clock frequency is 1 MHz or greater, the RC oscillator must be
turned off.

10.2 ADC /O Registers
The following registers control and monitor operation of the ADC:
e ADC status and control register (ADSCR)
« ADC data register (ADDR)

10.2.1 ADC Status and Control Register (ADSCR)

The ADC status and control register, shown in Figure 10-2, contains a
conversion complete flag and performs the following control functions:

¢ Turns on the ADC
e Tums on the internal RC oscillator
» Selects the analog inputs

Writing to ADSCR clears the conversion complete flag and starts a new
conversion sequence.

MC68HC705P6 ANALOG-TO-DIGITAL CONVERTER (ADC) MOTOROLA
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ADSCR — ADC Status and Control Register $001E
Bit 7 6 5 4 3 2 1 Bit 0
[ occ [ aRc [ AaDoN [ o [ o [ ocH2 [ cHt | cHo |
RESET: 0 0 0 0 0 0 0 0

Figure 10-2. ADC Status and Control Register (ADSCR)

CC — Conversion Complete
This read-only bit is automatically set at the end of each conversion process. When
CC is set, the result of the conversion is readable in the ADDR. Clear the CC bit by
writing to the CH2—CHO bits or by clearing the ADON bit or by reading the ADDR.
Resets clear CC.
1 = Conversion complete
0 = Conversion not complete

ADRC — ADC RC (Oscillator)
This read/write bit turns on the internal RC oscillator to drive the ADC. If the internal
clock frequency (fop) is less than 1 MHz, ADRC must be set. When the RC
oscillator is turned on, it requires a time, taApRc, to stabilize, and results can be
inaccurate during this time. Resets clear ADRC.
1 = Internal RC oscillator drives ADC
0 = Internal clock drives ADC

ADON — ADC On
This read/write bit turns on the ADC. When the ADC is on, it requires a time, tApon,
for the current sources to stabilize. During this time, results can be inaccurate.
Resets clear ADON.
1 = ADC turned on
0 = ADC turned off

Bits 4—2 — Not used
Bits 4-2 always read as logic zeros.

MOTOROLA ANALOG-TO-DIGITAL CONVERTER (ADC) MC68HC705P6
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CH2-CHO — Channel 2—Channel 0
These read/write bits select one of eight ADC input channels as shown in Table
10-1. Channels 0-3 are the port C input pins, PC3/AN3, PC4/AN2, PC5/AN1, and
PC6/ANO. Channels 4—6 can be used for reference measurements. Channel 7 is
reserved for factory testing.

Table 10-1. ADC Input Channel Selection

CH[2:1:0] Channel Signal
000 0 ANO Port CBit 6
001 1 AN1 Port CBit 5
010 2 AN2 Port C Bit 4
011 3 AN3 Port CBit 3
100 4 VRrH Port C Bit 7
101 5 (VRH + Vss) +2
110 6 Vss
111 7 Reserved

To prevent excess power dissipation, do not use a port C pin as an analog input
and a digital input at the same time.

Using one of the port C pins as the ADC input does not affect the ability to use
the remaining port C pins as digital inputs.

Reading a port C pin that is selected as an analog input returns a logic zero.

MC68HC705P6 ANALOG-TO-DIGITAL CONVERTER (ADC) MOTOROLA
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10.2.2 ADC Data Register (ADDR)

The ADC data register is a read-only register that contains the result of the most
recent analog-to-digital conversion.

ADDR — ADC Data Register $001D

L etz [ 6 | s [ 4 [ 3 [ 2 [ 1 T sto ]

RESET: UNAFFECTED BY RESET

Figure 10-3. ADC Data Register (ADDR)
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SECTION 11
EPROM/OTPROM

This section describes how to program the 4672-byte EPROM/OTPROM.
11.1 EPROM/OTPROM Programming
There are two ways to program the EPROM/OTPROM:

« Manipulating the control bits in the EPROM programming register to
program the EPROM/OTPROM on a byte-by-byte basis.

« Activating the bootloader ROM to download the contents of an external
memory device to the on-chip EPROM/OTPROM.

11.1.1 EPROM Programming Register (EPROG)

The EPROM programming register, shown in Figure 11-1, contains the control
bits for programming the EPROM/OTPROM.

EPROG — EPROM Programming Register $001C
Bit 7 6 5 4 3 2 1 Bit 0
[0 | o | o [ o [ o [ Er | meeM | EPGM |
RESET: 0 0 0 0 0 0 0 0

Figure 11-1. EPROM Programming Register (EPROG)

ELAT — EPROM Latch
This read/write bit latches data on the address bus and the data bus for
EPROM/OTPROM programming. Clearing the ELAT bit automatically clears the
EPGM bit. EPROM/OTPROM data cannot be read while the ELAT bit is set. Resets
clear the ELAT bit.
1 = Address and data buses configured for EPROM/OTPROM programming
0 = Address and data buses configured for normal operation

MC68HC705P6 EPROM/OTPROM MOTOROLA
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MPGM — Mask Option Register (MOR) Programming
This read/write bit applies the voltage from the IRQ/Vpp pin to the MOR. Resets
clear the MPGM bit.

1 = MOR programming power switched on
0 = MOR programming power switched off

EPGM — EPROM Programming
This read/write bit applies the voltage from the IRQ/Vpp pin to the
EPROM/OTPROM. To write the EPGM bit, the ELAT bit must already be set.
Clearing the ELAT bit also clears the EPGM bit. Resets clear the EPGM bit.
1 = EPROM/OTPROM programming power switched on
0 = EPROM/OTPROM programming power switched off

NOTE

Writing logic ones to both the ELAT and EPGM bits with a single
instruction sets ELAT and clears EPGM. ELAT must be set first by
a separate instruction.

Bits 7-3 — Reserved
Bits 7-3 are factory test bits that always read as logic zeros.

Take the following steps to program a byte of EPROM/OTPROM:

-

. Apply 16.5 V to the IRQ/Vpp pin.
2. Set the ELAT bit.

w

. Write to any EPROM/OTPROM address.

IS

. Set the EPGM bit for a time, tepgm, to apply the programming voltage.
5. Clear the ELAT bit.

MOTOROLA EPROM/OTPROM MC68HC705P6
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11.1.2 Bootloader ROM

The bootloader ROM, located at addresses $1F01-$1FEF, contains routines for
copying to the on-chip EPROM/OTPROM from an external EPROM.

The bootloader copies to the following MC68HC705P6 EPROM/OTPROM
addresses:

» $0020-$004F
» $0100-$12FF
* $1F00 (mask option register)
« $1FFO-$1FFF

The addresses of the code in the external EPROM must match the
MC68HC705P6 addresses. The bootloader ignores all other addresses.

Figure 11-2 shows the circuit used to download to the on-chip
EPROM/OTPROM from a 2764 EPROM. The bootloader circuit includes an
external 12-bit counter to address the external EPROM. Operation is fastest
when unused external EPROM addresses contain $00. The bootloader function
begins when a rising edge occurs on the RESET pin while the IRQ/Vpp pin is at
2 x Vpp and the PD7/TCAP pin is at Vpp.
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Figure 11-2. Bootloader Circuit

Complete the following steps to bootload the MCU:

1.

> W

MOTOROLA
11-4

Turn off all power to the circuit.

Install the EPROM containing the code to be downloaded.

Install the MCU.

Select the bootloader function:

a. Open switches S2 and S3 to select the program and verify function.

b. Open only switch S3 to select only the verify function.

EPROM/OTPROM MCe68HC705P6
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5. Close switch S1.

6. Turn on the Vpp power supply.

CAUTION

Turn on the Vpp power supply before turning on the Vpp power
supply. Damage to the MCU can occur if Vpp is turned on first.

7. Turn on the Vpp power supply.

8. Open switch S1. The bootloader code begins to execute. If the program
function is selected, the PROGRAM LED turns on during programming. |f
the verify function is selected, the VERIFY LED turns on when verification
is successful. The program and verify function takes about 40 seconds.

9. Close switch S1.

10. Turn off the Vpp power supply.

CAUTION

Turn off the Vpp power supply before turning off the Vpp power
supply. Damage to the MCU can occur if Vpp is turned off first.

11. Turn off the Vpp power supply.

11.2 EPROM Erasing

The erased state of an EPROM bit is zero. Erase the EPROM by exposing it to
15 Ws/cm?2 of ultraviolet light with a wavelength of 2537 angstroms. Position
the ultraviolet light source one inch from the EPROM. Do not use a shortwave
filter.

Cerdip packages have a transparent window for erasing the EPROM with
ultraviolet light. In the windowless PDIP and SOIC packages, the 4672 EPROM
bytes function as one-time programmable ROM (OTPROM)

MC68HC705P6 EPROM/OTPROM MOTOROLA
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11.3 Mask Option Register (MOR)

The mask option register, shown in Figure 11-3, is an EPROM/OTPROM byte
that controls the following options:

¢ Enabled or disabled STOP instruction

* SIOP clock rate

e MSB first or LSB first SIOP data transfer

* Edge-triggered or edge- and level-triggered external interrupt pin

¢ Enabled or disabled COP watchdog

MOR — Mask Option Register $1F00
Bit7 6 5 4 3 2 1 Bito
[ 1 | 1 [ swar ] sprt [ sPro | LSBF | LEVEL | CoOPE |
RESET: UNAFFECTED BY RESET
ERASED: 0 0 0 0 0 0 0 0

Figure 11-3. Mask Option Register (MOR)

Bits 7 and 6 — Unused
Program bits 7 and 6 to logic zero.

SWAIT — STOP Conversion to WAIT

The SWAIT bit disables the STOP instruction and prevents inadvertently turning off
the COP watchdog with a STOP instruction. When the SWAIT bit is set, a STOP
instruction puts the MCU in halt mode. Halt mode is a low-power mode similar to
wait mode. The internal oscillator continues to run, but the CPU clock stops. When
the SWAIT bit is clear, a STOP instruction stops the internal oscillator, the internal
clock, and the CPU clock.

1 = STOP instruction puts MCU in halt mode

0 = STOP instruction puts MCU in stop mode

MOTOROLA EPROM/OTPROM MC68HC705P6
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SPR1, SPRO — SIOP Rate
SPR1 and SPRO select the SIOP clock rate, as shown in Table 11-1.

Table 11-1. SIOP Clock Rate Selection

SPR1:SPRO SIOP Clock Rate
00 fop Divided by 32
01 fop Divided by 16
10 fop Divided by 8
11 fop Divided by 4

LSBF — Least Significant Bit First
LSBF controls the shift direction into and out of the SIOP shift register.

1 = SIOP data transferred LSB first
0 = SIOP data transferred MSB first

LEVEL — Level-Sensitive External Interrupt Trigger L
The LEVEL bit makes the external interrupt function of the IRQ/Vpp pin

level-triggered as well as edge-triggered.
1=IRQ/Vpp pin negative edge-triggered and low level-triggered
0 =IRQ/Vpp pin negative edge-triggered only

COPE — COP Watchdog Enable
COPE enables the COP watchdog. In applications that have wait cycles longer

than the COP watchdog timeout period, the COP watchdog can be disabled by not

programming the COPE bit to logic one.
1 = COP watchdog enabled

0 = COP watchdog disabled
MC68HC705P6 EPROM/OTPROM MOTOROLA
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The STOP instruction turns off the COP watchdog. In applications that depend
on the COP watchdog, the STOP instruction can be disabled by programming
the SWAIT bit to logic one in the mask option register. Table 11-2 summarizes
the recommended conditions for enabling the COP watchdog.

Table 11-2. COP Watchdog Recommendations

SWAIT Wait/Halt Recommended
Bit Time COP Watchdog Condition
1 Less than COP Timeout Period Enabled (COPE = 1)
1 Greater than COP Timeout Period Disabled (COPE = 0)
0 X Disabled (COPE = 0)

NOTE: X=don' care.

MOTOROLA EPROM/OTPROM MC68HC705P6
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SECTION 12
INSTRUCTION SET

This section describes the addressing modes and the types of instructions.

12.1 Addressing Modes

The CPU uses eight addressing modes for flexibility in accessing data. These
addressing modes define the manner in which the CPU finds the data required
to execute an instruction. The eight addressing modes are as follows:

* Inherent

¢ Immediate

e Direct

¢ Extended

¢ Indexed, no offset

* Indexed, 8-bit offset
¢ Indexed, 16-bit offset

* Relative

MC68HC705P6 INSTRUCTION SET MOTOROLA
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12.1.1 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 memory address and are one byte
long. Table 12-1 lists the instructions that use inherent addressing.

Table 12-1. Inherent Addressing Instructions

Instruction Mnemonic
Arithmetic Shift Left ASLA, ASLX
Arithmetic Shift Right ASRA, ASRX
Clear Carry Bit CLC
Clear Interrupt Mask CLI
Clear CLRA, CLRX
Complement COMA, COMX
Decrement DECA, DECX
Increment INCA, INCX
Logical Shift Left LSLA, LSLX
Logical Shift Right LSRA, LSRX
Multiply Index Register by Accumulator (Unsigned) MUL
Negate NEGA, NEGX
No Operation NOP
Rotate Left through Carry ROLA, ROLX
Rotate Right through Carry RORA, RORX
Reset Stack Pointer RSP
Return from Interrupt RTI
Return from Subroutine RTS
Set Carry Bit SEC
Set Interrupt Mask SEI
Enable IRQ and Stop Oscillator STOP
Software Interrupt SWi
Transfer Accumulator to Index Register TAX
Test for Negative or Zero TSTA, TSTX
Transfer Index Register to Accumulator TXA
Enable Interrupts and Halt CPU WAIT

MOTOROLA INSTRUCTION SET MC68HC705P6
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12.1.2 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 memory address and are two bytes long. The opcode is the first byte
and the immediate data value is the second byte. Table 12-2 lists the
instructions that use immediate addressing.

Table 12-2. Immediate Addressing Instructions

Instruction Mnemonic
Add Memory and Carry to Accumulator ADC
Add Memory to Accumulator ADD
Logical AND Memory with Accumulator AND
Bit Test Memory with Accumulator (Logical Compare) BIT
Arithmetic Compare Accumulator with Memory CMP
Arithmetic Compare Index Register with Memory CPX
Exclusive OR Memory with Accumulator EOR
Load Accumulator from Memory LDA
Load Index Register from Memory LDX
Logical Inclusive OR Memory with Accumulator ORA
Subtract Memory and Carry from Accumulator SBC
Subtract Memory from Accumulator suB
MC68HC705P6 INSTRUCTION SET MOTOROLA
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12.1.3 Direct

Direct instructions can access any of the first 256 memory addresses 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.

BRSET and BRCLR are three-byte

instructions that use direct addressing to access the operand and relative
addressing to specify a branch destination. Table 12-3 lists the instructions that

use direct addressing.

Table 12-3. Direct Addressing Instructions

Instruction Mnemonic
Add Memory and Carry to Accumulator ADC
Add Memory to Accumulator ADD
Logical AND Memory with Accumulator AND
Arithmetic Shift Left ASL
Arithmetic Shift Right ASR
Clear Bit BCLR
Bit Test Memory with Accumulator (Logical Compare) BIT
Branch if Bit Clear BRCLR
Branch if Bit Set BRSET
Set Bit BSET
Clear CLR
Arithmetic Compare Accumulator with Memory CMP
Complement COM
Arithmetic Compare Index Register with Memory CPX
Decrement DEC
Exclusive OR Memory with Accumulator EOR
Increment INC
Jump JMP
Jump to Subroutine JSR
Load Accumulator from Memory LDA
Load Index Register from Memory LDX
Logical Shift Left LSL
Logical Shift Right LSR
Negate NEG
Logical Inclusive OR Memory with Accumulator ORA
Rotate Left through Carry ROL
Rotate Right through Carry ROR
Subtract Memory and Carry from Accumulator SBC
Store Accumulator in Memory STA
Store Index Register in Memory STX
Subtract Memory from Accumulator SuUB
Test for Negative or Zero TST
INSTRUCTION SET MC68HC705P6
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12.1.4 Extended

Extended instructions use only three bytes to 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. Table 12-4 lists the instructions that
use extended addressing.

MC68HC705P6
REV. 1

Table 12-4. Extended Addressing Instructions

Instruction Mnemonic
Add Memory and Carry to Accumulator ADC
Add Memory to Accumulator ADD
Logical AND Memory with Accumulator AND
Bit Test Memory with Accumulator (Logical Compare) BIT
Arithmetic Compare Accumulator with Memory CMP
Arithmetic Compare Index Register with Memory CPX
Exclusive OR Memory with Accumulator EOR
Jump JMP
Jump to Subroutine JSR
Load Accumulator from Memory LDA
Load Index Register from Memory LDX
Logical Inclusive OR Memory with Accumulator ORA
Subtract Memory and Carry from Accumulator SBC
Store Accumulator in Memory STA
Store Index Register in Memory STX
Subtract Memory from Accumulator SuB

INSTRUCTION SET
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12.1.5 Indexed, No Offset

Indexed instructions with no offset are one-byte instructions that can access
data with variable addresses within the first 256 memory locations. The index
register contains the low byte of the conditional address of the operand. The
CPU automatically uses $00 as the high byte, so these instructions can address
locations $0000—$00FF.

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. Table 12-5 lists
the instructions that use indexed, no offset addressing.

12.1.6 Indexed, 8-Bit Offset

Indexed, 8-bit offset instructions are two-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 conditional 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 would
typically be in the index register, and the address of the beginning of the table
would be in the byte following the opcode. Table 12-5 lists the instructions that
use indexed, 8-bit offset addressing.

12.1.7 Indexed, 16-Bit Offset

Indexed, 16-bit offset instructions are three-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 conditional 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. These instructions can address any location in memory.

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. Table 12-5 lists the instructions that use
indexed, 16-bit offset addressing.
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Table 12-5. Indexed Addressing Instructions

Instruction Mnemonic Of'::et osf-sti;t é?;g;tt
Add Memory and Carry to Accumulator ADC v v R
Add Memory to Accumulator ADD v v \
Logical AND Memory with Accumulator AND v v R
Arithmetic Shift Left ASL v i
Arithmetic Shift Right ASR \ R
Bit Test Memory with Accumulator (Logical Compare) BIT v v \
Clear CLR v v
Arithmetic Compare Accumulator with Memory CMP v v N
Complement com v v
Arithmetic Compare Index Register with Memory CPX v N R
Decrement DEC N y
Exclusive OR Memory with Accumulator EOR v R )
Increment INC \ v
Jump JMP v R v
Jump to Subroutine JSR \ \1 \1
Load Accumulator from Memory LDA R \I v
Load Index Register from Memory LDX v R R
Logical Shift Left LSL R v
Logical Shift Right LSR v \
Negate NEG v ‘J
Logical Inclusive OR Memory with Accumulator ORA v N y
Rotate Left through Carry ROL «l y
Rotate Right through Carry ROR v R
Subtract Memory and Carry from Accumulator SBC v \ \
Store Accumulator in Memory STA v R \l
Store Index Register in Memory STX v N v
Subtract Memory from Accumulator SuB v \/ R
Test for Negative or Zero TST N \
MC68HC705P6 INSTRUCTION SET MOTOROLA
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12.1.8 Relative

Relative addressing is only for branch instructions and bit test and branch
instructions. [f the branch condition is true, the CPU finds the conditional 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.

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. Table 12-6 lists the instructions

that use relative addressing.

Table 12-6. Relative Addressing Instructions

Instruction Mnemonic
Branch if Carry Clear BCC
Branch if Carry Set BCS
Branch if Equal BEQ
Branch if Half-Carry Clear BHCC
Branch if Half-Carry Set BHCS
Branch if Higher BHI
Branch if Higher or Same BHS
Branch if Interrupt Line High BIH
Branch if Interrupt Line 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 if Bit Set BRSET
Branch Never BRN
Branch to Subroutine BSR

MOTOROLA INSTRUCTION SET

12-8

MC68HC705P6
REV. 1

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



Freescale Semiconductor, Inc.

12.2 Instruction Types
The MCU instructions fall into the following five categories:

* Register/memory

¢ Read-modify-write

e Jump/branch

e Bit manipulation

* Control

12.2.1 Register/Memory Instructions

Most of these instructions use two operands.

One operand is in either the

accumulator or the index register. The CPU finds the other operand in memory.
Register/memory instructions use all the addressing modes except relative.

Table 12-7 lists the register/memory instructions.

MC68HC705P6
REV. 1

Table 12-7. Register/Memory Instructions

Instruction Mnemonic
Add Memory and Carry to Accumulator ADC
Add Memory to Accumulator ADD
Logical AND Memory with Accumulator AND
Bit Test Memory with Accumulator (Logical Compare) BIT
Arithmetic Compare Accumulator with Memory CMP
Arithmetic Compare Index Register with Memory CPX
Logical Exclusive OR Memory with Accumulator EOR
Load Accumulator from Memory LDA
Load Index Register from Memory LDX
Multiply Index Register by Accumulator (Unsigned) MUL
Logical Inclusive OR Memory with Accumulator ORA
Subtract Memory and Carry from Accumulator SBC
Store Accumulator in Memory STA
Store Index Register in Memory STX
Subtract Memory from Accumulator SuB

INSTRUCTION SET
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12.2.2 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. The test
for negative or zero (TST) instruction is an exception to the read-modify-write
sequence because it does not write a replacement value. Read-modify-write
instructions use the following addressing modes:

¢ Inherent
e Direct
¢ [ndexed, no offset

e Indexed, 8-bit offset

Table 12-8 lists the read-modify-write instructions.

Table 12-8. Read-Modify-Write Instructions

Instruction Mnemonic
Arithmetic Shift Left (Same as LSL) ASL
Arithmetic Shift Right ASR
Clear Bit in Memory BCLR
Set Bit in Memory BSET
Clear CLR
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 ROL
Rotate Right through Carry ROR
Test for Negative or Zero TST

12.2.3 Jump/Branch Instructions

Jump instructions allow the CPU to interrupt the normal sequence of the
program counter. The unconditional jump (JMP) and jump to subroutine (JSR)
instructions have no register operand. Jump instructions use the following
addressing modes:

¢ Direct

¢ Extended
MOTOROLA INSTRUCTION SET MC68HC705P6
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* Indexed, no offset
« Indexed, 8-bit offset
¢ Indexed, 16-bit offset

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. All branch instructions use relative addressing.

Bit test and branch instructions cause a branch based on the state of any
readable bit in the first 256 memory locations. These three-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 conditional 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. Table 12-9 lists the jump and branch instructions.

Table 12-9. Jump and Branch Instructions

Instruction Mnemonic
Branch if Carry Clear BCC
Branch if Carry Set (Same as BLO) 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 Interrupt Line High BIH
Branch if Interrupt Line Low BIL
Branch if Lower (Same as BCS) 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
Jump JMP
Jump to Subroutine JSR
MC68HC705P6 INSTRUCTION SET MOTOROLA
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12.2.4 Bit Manipulation Instructions

The CPU can set or clear any writable bit in the first 256 bytes of memory. Port
registers, port data direction registers, timer registers, and on-chip RAM
locations are in the first 256 bytes of memory. The CPU can also test and
branch based on the state of any bit in any of the first 256 memory locations. Bit
manipulation instructions use direct addressing. Table 12-10 lists these

instructions.
Table 12-10. Bit Manipulation Instructions
Instruction Mnemonic
Clear Bit BCLR
Branch if Bit Clear BRCLR
Branch if Bit Set BRSET
Set Bit BSET

12.2.5 Control Instructions

These register reference instructions control CPU operation during program
execution. Control instructions, listed in Table 12-11, use inherent addressing.

Table 12-11. 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 STOP
Software Interrupt SWI
Transfer Accumulator to Index Register TAX
Transfer Index Register to Accumulator TXA
Wait WAIT
MOTOROLA INSTRUCTION SET MC68HC705P6
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12.3 Instruction Set Summary

Table 12-12 shows all MC68HC705P9 instructions in all possible addressing
modes. The table shows the operand construction and the execution time in
internal clock cycles (tcyg) of each instruction. One internal clock cycle equals
two oscillator input cycles. The following legend summarizes the symbols and
abbreviations used in Table 12-12.

dd

DIR
ee ff

ff

hh Il

IMM
INH

IX1
IX2

MC68HC705P6
REV. 1

Abbreviations and Symbols

Accumulator

Carry/borrow flag

Condition code register

Address of operand in direct addressing

Address (dd) of operand and offset (rr) of
branch instruction for bit test instructions

Direct addressing

High (ee) and low (ff) bytes of offset in
indexed, 16-bit offset addressing

Extended addressing

Offset byte in indexed, 8-bit offset
addressing

Half-carry flag

High (hh) and low (ll) bytes of operand
address in extended addressing

Interrupt mask

Operand byte for immediate addressing
Immediate addressing

Inherent addressing

Indexed, no offset addressing
Indexed, 8-bit offset addressing
Indexed, 16-bit offset addressing

Any memory location (1 byte)

Negative flag

Any bit (7,6,5. .. 0)
Operand byte
Program counter

INSTRUCTION SET

PCH

PCL

REL
rel

sP

()

T

~

1+ © (—)+"~x~

Program counter high byte
Program counter low byte

Relative addressing

Offset byte for relative addressing
Offset byte of branch instruction

Stack pointer
Index register

Zero flag
AND

Not affected
If

NOT

Contents of

Is loaded with

Concatenated with
Multiplication

Negation (two's complement)
Inclusive OR

Set if true; clear if not true

Exclusive OR

Addition
Subtraction
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Table 12-12. Instruction Set (Sheet 1 of 4)

Freescale Semiconductor, Inc.

Source Addressing Machine Coding Condition
Form Operation Description Mode for (hexadecimal) Cycles Code
Operand | Opcode | Operand HII|N]Z]|C
ADC #opr | Add with cary Ae(A)+M+C IMM A9 ] 2 PRI E
ADC opr DIR B9 dd 3
ADC opr EXT c9 hh It 4
ADC oprX X2 D9 ee ff 5
ADC opr X X1 E9 1t 4
ADC X 1X F9 3
ADD #opr | Add without carry A (A)+M) IMM AB il 2 [ AR EAREAE]
ADD opr DIR BB dd 3
ADD opr EXT c8 hh 1l 4
ADD oprX 1X2 D8 ee ff 5
ADD opr,X X1 EB 1t 4
ADD X IX FB 3
AND #opr [Logical AND A (A)* (M) IMM A4 it 2 -1-1¢l¢]-
AND opr DIR B4 dd 3
AND opr EXT Cc4 hh Il 4
AND opr,X IX2 D4 ee ff 5
AND opr,X X1 E4 1t 4
AND,X IX F4 3
ASL opr Arithmetic shift left (Same as DIR 38 dd 5 B EREIEIE]
ASLA LSL) e———— |INH 48 3
ASLX EHTITITITR [jny 58 3
ASL oprX X1 68 1t 6
ASL opr,X 1X 78 5
ASR opr Arithmetic shift right DIR 37 dd 5 -|1-]1¢j¢|
ASRA Q —— INH 47 3
ASRX 72 ) INH 57 3
ASR opr,X X1 67 it 6
ASR opr.X I1X 77 5
BCC rel Branch if carry bit clear ?7C=0 REL 24 r 3 -1-1-1-1-
BCLR nopr |Clear bit n Mn <0 DIR (b0) 1 dd 5 -1-1-1-1-
DIR (1) 13 dd 5
DIR (b2) 15 dd 5
DIR (b3) 17 dd 5
DIR (b4) 19 dd 5
DIR (b5) 1B dd 5
DIR (b6) 10 dd 5
DIR (b7) 1F dd 5
BCS rel g[at:)nfh if carry bit set (Sameas [?C=1 REL 25 r 3 -1-1-1-1-
BEQ re/ Branch if equal ?Z=1 REL 27 {4 3 -1-{-1-1-
BHCC re/ | Branch if half carry bit clear ?2H=0 REL 28 L4 3 -1-1-1-1-
BHCS re/ | Branch if half cary bit set ?2H=1 REL 29 r 3 -1=-1-1-1-
BHI re/ Branch if higher 2Cc+2z=0 REL 22 " 3 -1-1-1-1-
BHS rel Branch if higher or same ?C=0 REL 24 " 3 -l=-1-1-1-
BIH re/ Branch if IRQ pin high ?71RQ=1 REL 2F r 3 -1-1-1-1-
BIL re/ Branch if IRQ pin low ?1RQ=0 REL 2E " 3 -1-1-1-1-
BIT re/ Bit test accumulator with memory | (A) ® (M) IMM A5 ii 2 -1-1¢|¢]-
DIR B5 dd 3
EXT cs hh Il 4
IX2 Ds ee ff 5
X1 ES it 4
1X F5 3
BLO re/ Branch if lower (Same asBCS) [?7C=1 REL 25 r 3 -l-|-1-1-
BLS rel Branch if lower or same 72C+2Z=1 REL 23 [ 3 -1-1-1-1-
BMC rel Branch if interrupt mask clear ?21=0 REL 2C r 3 -1=-1-1-1-
BMI re/ Branch if minus TN=1 REL 2B rr 3 -1-1-1-1-
BMS re/ Branch if interrupt mask set ?1=0 REL 2D 14 3 -1-1-1-1-
BNE re/ Branch if not equal 72=0 REL 26 r 3 -1-1-{-|-
BPL re/ Branch if plus ?7N=0 REL 2A " 3 -|-l-|-1-
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Table 12-12. Instruction Set (Sheet 2 of 4)

Source Addressing Machine Coding Condition
Form(s) Operation Description Mode for (hexadecimal) Cycles Code
Operand | Opcode | Operand HII|N]Z|C
BRA rel Branch always 71=1 REL 20 " 3 -1-1-1-1-
BRCLR n opr rel| Branch i bit n clear ?7Mn=0 DIR (b0) 01 dd rr 5 -1-1-1-12
DIR (1) 03 dd rr 5
DIR (b2) 05 dd rr 5
DIR (®3) 07 dd rr 5
DIR (b4) 09 dd rr 5
DIR (b5) 08 dd 5
DIR (b6) oD dd rr 5
DIR (b7) OF dd rr 5
BRN re/ Branch never ?71=0 REL 21 r 3 -1-1-1-
BRSET n opr rel | Branch if bit n set ?2Mn=1 DIR (b0) 00 dd 5 -1-1-1-
DR (b1) 02 dd 5
DIR (b2) 04 dd 5
DIR (b3) 06 dd rr 5
DIR (b4) 08 dd rr 5
DIR (b5) 0A dd rr 5
DIR(b6) oC dd r 5
DIR (b7) 0E |dd 5
BSET nopr Set bitn Mne1 DIR (b0) 10 dd 5 -T-1-1-1-
DIR (b1) 12 dd 5
DIR (b2) 14 dd 5
DIR (b3) 16 dd 5
DIR (b4) 18 dd 5
DIR (b5) 1A dd 5
DIR (b6) 1C dd 5
DIR (7) 1E dd 5
BSR rel Branch to subroutine PC « (PC) +2; push (PCL) [REL AD e 6 -IT-1-1-1-
SP « (SP) - 1; push (PCH)
SP & (SP) -1
PC « (PC) +rel
CLC Clear carmy bit Ce0 INH 98 2 -l1-1-1]1-10
CLI Clear interrupt mask 1«0 INH 9A 2 -fol-1-1-
CLR opr Clear register Me DIR 3F  |dd 5 -I-To[1]-
CLRA ot o INH 4F 3
CLRX M < $00 INH 5F 3
CLR oprX M « $00 X1 6F ff 6
CLR oprX IX 7F 5
CMP #opr Compare accumulator with | (A) — (M) IMM Al ii 2 -1-12|¢|¢
CMP opr memory DIR B1 |dd 3
CMP opr EXT c1 hh 1 4
CMP oprX 1X2 D1 ee ff 5
CMP oprX X1 E1 f 4
CMP X IX F1 3
COM opr Complement memory or  |M < M= $FF—(M) DIR 33 dd 5 -1-12
COMA register AA=$FF-(A) INH 43 3
(one's complement) X X =$FF-(X)
COMX M < M= $FF — (M) INH 53 3
COM opr.X M M= $FF — (M) X1 63 |1t 6
COM X IX 73 5
CPX #opr Compare index register ) - (M) IMM A3 i 2 -1-1s|12|
CPX opr with memory DIR B3 |dd 3
CPX opr EXT c3 hh i 4
CPX oprX 1X2 D3 ee ff 5
CPX oprX X1 E3 f 4
CPX X IX F3 3
DEC opr Decrement MeM)-1 DIR 3A  [dd 5 -1-Ts7¢2]-
DECA re &;:} INH A 3
DECX M (M) -1 INH 5A 3
DEC oprX M (M) -1 X1 6A it 6
DEC X IX 7A 5
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Table 12-12. Instruction Set (Sheet 3 of 4)

Freescale Semiconductor, Inc.

Source Addressing Machine Coding Condition

Form(s) Operation Description Mode for (hexadecimal) Cycles Code
Operand | Opcode |Operand H|I|[N]Z]|C

EOR #opr | Exclusive OR accumulator A=A &M IMM A8 il 2 R EIEIE

EOR opr |With memory DIR B8 |dd 3

EOR opr EXT c8 hh 1l 4

EOR oprX X2 D8 ee ff 5

EOR opr X X1 E8 ff 4

EOR X IX F8 3

INC opr | Increment memory or register [M « (M) +1 DIR 3C dd 5 -1-1¢]2¢]-

INCA Ae(A)+1 INH 4C 3

INCX Xe(X)+1 INH 5C 3

INC opr,X M e (M) +1 X1 6C it 6

INC X Me (M) +1 1IX 7c 5

JMP opr | Unconditional jump PC « jump address DIR BC dd 2 -1=-1-1-1-

JMP opr EXT CcC hh 1 3

JMP opr,X 1X2 DC ee ff 4

JMP opr,X X1 EC 1t 3

JMP X IX FC 2

JSR opr | Jump to subroutine PC« (PC)+n(n=1,2 0r3) |DIR BD dd 5 -1-1-1T-71-

JSR opr Push E%';})SSF;: ((Ss';))‘_ To|exr co  |nhh 6

JSR opr.X PC « conditional address X2 DD ee ff 7

JSR opr,X X1 ED it 6

JSR X IX FD 5

LDA #0pr |Load accumulator from Ae—(M) IMM A6 ] 2 -1-1sl¢|-

LDA opr |Mmemory DIR B6 dd 3

LDA opr EXT cé hh Il 4

LDA opr.X X2 Dé ee ff 5

LDA opr.X IX1 E6 1t 4

LDAX IX F6 3

LDX #opr |Load index register from Xe (M) IMM AE ] 2 -1-1s]s]-

LDA opr |Memory DIR BE dd 3

LDA opr EXT CE hh 1l 4

LDA opr,X X2 DE ee ff 5

LDA opr, X X1 EE 1t 4

LDA X IX FE 3

LSL opr | Logical shit left (Same as DIR 38 dd 5 -|1-1¢]z|2

LSLA ASL) — INH 48 3

LSLX CHLITTITIT o |y 58 3

LSL opr;X X1 68 ff 6

LSL X X 78 5

LSR opr |Logical shift right DIR 34 dd 5 -]-10]¢|¢

LSRA —_— INH 44 3

LSRX SLITTITTITPR iy 54 3

LSR opr,X X1 64 f 6

LSR X IX 74 5

MUL Unsigned multiply X:A < (X)x(A) INH 42 11 of-]-]-Jo

NEG opr [Negate memory or register | M < —(M) = $00— (M) DIR 30 dd 5 -I-TtTsl¢

NEGA (two's complement) A« —(A)=$00- (A) INH 40 3

NEGX X & —(X) =$00 - (X) INH 50 3

NEG oprX M  ~M) = $00 - (M) X1 60 |t 6

NEG X M ——(M) = $00 - (M) X 70 5

NOP No operation INH 9D 2 -1-1-1-1-

ORA #opr |Inclusive OR accumulator with | A < (A) + (M) IMM AA i 2 -1-12]¢]-

ORA opr |Memory DIR BA dd 3

ORA opr EXT CA hh 1l 4

ORA opr,X X2 DA ee ff 5

ORA opr,X X1 EA 1t 4

ORA X X FA 3

ROL opr | Rotate left through carry DIR 39 dd 5 -1-1¢]¢|2

e gy | . :

ROLX 5 % INH 59 3

ROL opr,X IX1 69 ff 6

ROL X X 79 5
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Table 12-12. Instruction Set (Sheet 4 of 4)

Source Addressing Machine Coding Condition
Form Operation Description Mode for (hexadecimal) Cycles Code
Operand Opcode | Operand I{N|]Z]|C
ROR opr Rotate right through carry DIR 36 dd 5 EEYERE
o G | - .
RORX = % INH 56 3
ROR opr.X X1 66 ft 6
ROR X IX 76 5
RSP Reset stack pointer SP « $00FF INH 9C 2 -1-1-1-
RTI Return from interrupt SP « (SP) + 1; pull (CCR) INH 80 9 From Stack
SP «(SP) + 1; pull (A) S EIERE]
SP « (SP) + 1; pull (X)
SP « (SP) + 1; pull (PCH)
SP « (SP) + 1; pull (PCL)
RTS Return from subroutine SP « (SP) + 1; pull (PCH) INH 81 6 “T=-1-1-
SP « (SP) + 1; pull (PCL)
SBC #opr | Subtract memory and carry | A < (A)—(M)-C IMM A2 ii 2 EREIEFE
SBC opr bit from accumulator DIR B2 dd 3
SBC opr EXT c2 hh Il 4
SBC opr.X IX2 D2 ee ff 5
SBC opr X X1 E2 ff 4
SBC X IX F2 3
SEC Set carry bit Ce1 INH 99 2 -|-1-11
SEI Set interrupt mask le1 INH 98 2 1 - |-
STA opr Store accumulator in memory |M « (A) DIR B7 dd 4 -lsls]-
STA opr EXT Cc7 hh Il 5
STA opr.X X2 D7 ee ff 6
STA opr.X IX1 E7 ft 5
STA X IX F7 4
STOP Enable TRQ; stop oscillator INH 8E 2 ol-1-1-
STX opr Store index register in M« (X) DIR BF dd 4 -Tsls]-
STXopr |Memory EXT CF |hh 0t 5
STX oprX X2 DF ee ff 6
STX opr.X X1 EF 1f 5
STX X IX FF 4
SUB #opr | Subtract memory from A« (A)-(M) IMM A0 ii 2 -1sls]s
SuB opr  |accumulator DIR BO |dd 3
SUB opr EXT co hh 1l 4
SUB opr,X IX2 Do ee ff 5
SUB opr,X X1 EO ff 4
SUB,X X FO 3
Swi Software interrupt PC « (PC) + 1;push (PCL) | INH 83 10 1{-1-1-
SP « (SP) - 1; push (PCH)
SP « (SP) - 1; push (X)
SP « (SP) - 1; push (A)
SP « (SP) - 1; push (CCR)
SP «(SP)-1; 1«1
PCH « Interrupt vector hi byte
PCL « Int. vector low byte
TAX Transfer accumulator to X (A) INH 97 2 -1-1-1-
index register
TST opr Test memory or register for | (M) — $00 DIR 3D dd 4 -1¢| |-
TSTA negative or zero INH 4D 3
TSTX INH 5D 3
TST opr X X1 6D ff 5
TST X X 7D 4
TXA Transfer index register to A« (X) INH 9F 2 -1-1-1-
accumulator
WAIT Enable interrupts; halt CPU INH 8F 2 ol-1-1-
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12.4 Opcode Map

Table 12-13 is an opcode map of the M6BHCO5 instruction set.
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SECTION 13
ELECTRICAL SPECIFICATIONS

This section contains MCU electrical specifications and timing information.

13.1 Maximum Ratings

CAUTION

To avoid damage to the MCU, do not exceed the values .Iisjted in
Table 13-1 Maximum Ratings. Keep VIN and VouT Within the

range Vss < (ViN or VouT) < VoD-

Table 13-1. Maximum Ratings

Rating Symbol Value Unit
Supply Voltage Voo -0.3t0 +7.0 \'
Input Voltage ViN Vss—0.3to Vpp + 0.3 \'%
EPROM Programming Voltage (IRQ/Vep Pin) Vpp 16.75 v
Current Drain per Pin (Excluding Vpp and Vss) | 25 mA

NOTE: Maximum values are not guaranteed operating values.

13.2 Thermal Characteristics

Table 13-2. Thermal Characteristics

Characteristic Symbol Value Unit
Thermal Resistance Reua °CW
Plastic 60
SOIC 60
Operating Temperature Range Ta °C
MC68HC705P6P, DW, S (Standard) 0to+70
MC68HC705P6CP, CDW, CS (Extended) —40to +85
MC68HC705P6VP, VDW, VS (Automotive) —40to +105
MC68HC705P6MP, MDW, MS (Automotive) —40to +125
Storage Temperature Range Tsta —65 to +150 °C
NOTES:
1. P = Plastic dual in-line package (PDIP) 4. C = Extended temp. range (—40 to +85 °C)

2. DW = Small outline integrated circuit (SOIC) 5. V = Automotive temp. range (—40 to +105 °C)
3. S = Ceramic dual in-line package (Cerdip) 6. M = Automotive temp. range (—40 to +125 °C)
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TEST POINT
(PA7-PAO,
PB7-PBS,
PC7-PCO}

3.26kQ

TWWA——AW—0 5

% 50 pF
Figure 13-1. Test Load

13.3 Power Considerations
The average chip junction temperature, Ty, in °C can be obtained from:

Ty=Ta+ (PD %X 6ya) (1)
where:

Ta = Ambient temperature in °C

6Ja = Package thermal resistance, junction to ambient in °C/W
Ppo=PiNT + Pro

PINT = lcc x Vce, watts — chip internal power

P1/o = Power dissipation on input and output pins — user-determined

For most applications P|/o « P|NT and can be neglected.
The following is an approximate relationship between Pp and Ty (if Piyo is
neglected):

Pp=K =+ (Ty+273°C) 2)

Solving equations (1) and (2) for K gives:
K=Pa x(Ta+ 273 °C) + Rgya X Pp 3)

where K is a constant pertaining to the particular part. K can be determined
from equation (3) by measuring Pp (at equilibrium) for a known Ta. Using this
value of K, the values of Pp and T, can be obtained by solving equations (1)
and (2) iteratively for any value of Ta.

MOTOROLA ELECTRICAL SPECIFICATIONS MC68HC705P6
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13.4 DC Electrical Characteristics (Vpp = 5.0 Vdc)

Table 13-3. DC Electrical Characteristics (Vpp = 5.0 Vdc)

Characteristic Symbol Min Typ Max Unit
Output Voltage
ILoaD = 10.0 pA VoL — — 0.1 \'
lLoaD = -10.0 pA Vo Vop-0.1| — — v
Output High Voltage (lLoap = —0.8 mA) VoH
PA7-PA0, PB7/SCK-PB5/SDO, PC7/Vri+—PC3/AN3,
PC2-PC0, PD5, TCMP Vop-08| — — v
Output Low Voltage (ILoAD = 1.6 mA) VoL
PA7-PA0, PB7/SCK-PB5/SDO, PC7/VRi+—PC3/AN3,
PC2-PC0, PD5, TCMP - —_ 0.4 \"
Input High Voltage VIH
PA7-PA0, PB7/SCK-PB5/SDO, PC7/Vp—PC3/ANS,
PC2-PC0, PD5, PD7/TCAP, IRQ/Vpp, RESET, OSCt 07xVoo | — Voo v
Input Low Voltage ViL
PA7-PA0, PB7/SCK-PB5/SDO, PC7/Vr—PC3/AN3,
PC2-PC0, PD5, PD7/TCAP, IRQ/Vpp, RESET, OSC1 Vss — | 02xVvop| V
Supply Current (NOTES 3-6) lop
RUN —_ 4.0 7.0 mA
WAIT (A/D Converter On) — 2.0 4.0 mA
WAIT (A/D Converter Off) — 1.3 2.0 mA
STOP
25°C — 2 30 pA
0to 70 °C (Standard) —_ — 50 HA
—401t0 125 °C —_ _— 100 HA
/O Ports Hi-Z Leakage Current i
PA7-PA0, PB7-PB5, PC7-PC0, PD5 — — +10 HA
A/D Ports Hi-Z Leakage Current loz — — +1 HA
Input Current Y]
RESET,IRQ/Vpp, OSC1, PD7/TCAP —_ — +1 HA
Capacitance
Ports (as Input or Output) Cout — — 12 pF
RESET, IRQ/Vpp CiN — — 8 pF
Programming Voltage Vpep 16.25 16.5 16.75 Vv
Programming Current lpp - 5 10 mA
Programming Time per Byte tePGM 4 — — ms
NOTES:

1. Vpp = 5.0 Vdc + 10%, Vss = 0 Vdc, Ta= Tito Th, unless otherwise noted.
2. Typical values at midpoint of voltage range, 25°C only.

3. RUN (operating) Ipp and WAIT Ipp measured using external square wave clock source (fosc =
4.2 MHz); all inputs 0.2 V from rail; no dc loads; less than 50 pF on all outputs; C = 20 pF on OSscC2.

4. WAIT Ipp and STOP Ipp: all ports configured as inputs; ViL= 0.2 V; Vin=Vpp—0.2 V.
. STOP lpp measured with OSC1 = VSS.
6. WAIT Ipp is affected linearly by the OSC2 capacitance.

(4]
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13.5 DC Electrical Characteristics (Vpp = 3.3 Vdc)

Table 13-4. DC Electrical Characteristics (Vpp = 3.3 Vdc)

Characteristic Symbol Min Typ Max Unit

Output Voltage (lLoap < 10.0 pA) VoL —_ — 0.1
Vo Vop-0.1 | — — Vv

Output High Voltage (ILoap = —0.2 mA) VoH
PA7-PA0, PB7/SCK-PB5/SDO, PC7/Vr+—PC3/AN3, v
PC2-PCo, PD5, TCMP Vob-03 | — —

Output Low Voltage (ILoap = 0.4 mA) VoL
PA7-PA0, PB7/SCK-PB5/SDO, PC7/Vr+—PC3/AN3,
PC2-PCo, PD5, TCMP — — 0.3 \"

Input High Voltage ViH
PA7-PAO, PB7/SCK-PB5/SDO, PC7/Vai-PC3/AN3,
PC2-PC0, PDS5, PD7/TCAP, IRQ/Vpp, RESET, OSC1 0.7xVpp | — Vbp v

Input Low Voltage ViL
PA7-PA0, PB7/SCK-PB5/SDO, PC7/VrRi—PC3/AN3,
PC2-PCo, PD5, PD7/TCAP, IRQ/Vpp, RESET, OSC1 Vss — 1 0.2xVpp v

Data-Retention Mode Supply Voltage VRMm 2.0 —_ — \

Supply Current (NOTES 3-6) Ibo
RUN

- N

1
WAIT(A/D Converter On) 1
WAIT (A/D Converter Off) 0.
STOP
25°C 2
0to 70 °C (Standard)
—40to +125°C

I/O Ports Hi-Z Leakage Current I
PA7-PA0, PB7/SCK-PB5/SDO, PC7/Vri+—-PC3/AN3,
PC2-PCo, PD5

Input Current _ N
RESET, IRQ/Vpp, OSC1, PD5, PD7/TCAP — — +1 pA

Capacitance
Ports (as Input or Output) Cout — — 12 pF
RESET, IRQ/Vep, PD5, PD7/TCAP CN — —_ 8 pF

NOTES:
1. Vpp =3.3 Vdc + 10%, Vss = 0 Vdc, Ta = T to TH unless otherwise noted.
2. Typical values at midpoint of voltage range, 25 °C only.

3. RUN (operating) Ipp and WAIT Ipp measured using external square wave clock source (fosc = 2.1
MHz); all inputs 0.2 V from rail; no dc loads; less than 50 pF on all outputs; CL = 20 pF on OSC2.

4. WAIT Ipp and STOP Ipp: all ports configured as inputs; ViL= 0.2 V, Viu= Vpp - 0.2 V.
. STOP Ipp measured with OSC1 = Vss.
6. WAIT Ipp is affected linearly by the OSC2 capacitance.

NEN
335 3233

I
asn

+10

5

(4]
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Figure 13-2. Typical Ipp vs Internal Clock Frequency (T = 25 °C)
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70mA 2.5mA
6:-40!3+125°C T 24010 +125°C
Dp=5V+10% =~40to +
6omA / Vpp=33V+10% /
/ 2.0mA v
__50mA A .
3 / g
£ 1.5mA .

E 40mA N va % &
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GO\N 0.5mA \& ‘“E“on )
1.0mA RS oo
WA $o
0 0 } i
0 500kHz  1MHz  1.5MHz = 2MHz 0 250kHz  500kHz  750kHz 1 MHz

INTERNAL CLOCK FREQUENCY —> INTERNAL CLOCK FREQUENCY ——>
(XTAL +2) (XTAL +2)

Figure 13-3. Typical Ipp vs Internal Clock Frequency (T =-40 °C to +125 °C)
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13.6 A/D Converter Characteristics

Table 13-5. A/D Converter Characteristics

Characteristic Min Max Unit
Resolution 8 8 Bit
Absolute Accuracy (4.0 > Vrx > Vop) (NOTE 2) - +1-1/2 LSB
Conversion Range (VRH Pin) Vss Vop \"
Conversion Time (Includes Sampling Time)
External Clock (XTAL) 32 32 taD
Internal RC Oscillator (ADRC = 1) 32 32 us

Monotonicity

Inherent (Within Total Error)

Zero Input Reading (Vin=0V) 00 01 Hex
Full-Scale Reading (Vin = VRH) F F Hex
Sample Acquisition Time (NOTE 3)

External Clock (XTAL) 12 12 tap

Internal RC Oscillator (ADRC) = 1 — 12 us
Input Capacitance

PC6/ANO, PC5/AN1, PC4/AN2, PC3/AN3 — 12 pF
Analog Input Voltage Vss VRH \
Input Leakage (NOTE 5)

PC6/ANO, PC5/AN1, PC4/AN2, PC3/AN3 — + pA

VRH — +1 pA

NOTES:

1. Vpp = 5.0 Vdc £10 %, Vss = 0 Vde, Ta = Tito Th, unless otherwise noted.

. tap = teyc if clock source is MCU.

oA WN

and input current.

. A/D accuracy may decrease proportionately as VRH is reduced below 4.0 V.
. Source impedances greater than 10 kohm adversely affect internal RC charging time during input sampling.

MC68HC705P6 ELECTRICAL SPECIFICATIONS

REV. 1

. The external system error caused by input leakage current is approximately equal to the product of R source

MOTOROLA

For More Information On This Product,

Go to: www.freescale.com

13-7



Freescale Semiconductor, Inc.

13.7 Control Timing (Vpp = 5.0 Vdc)

Table 13-6. Control Timing (Vpp = 5.0 Vdc)

Characteristic Symbol Min Max | Unit
Oscillator Frequency fosc
Crystal Option — 4.2 MHz
External Clock Option dc 4.2 MHz
Internal Operating Frequency fop
Crystal (fosc + 2) — 2.1 MHz
External Clock (fosc + 2) de 2.1 MHz
Cycle Time tcyc 480 - ns
Crystal Oscillator Startup Time toxov - 100 ms
STOP Recovery Startup Time (Crystal Oscillator) tiLcH — 100 ms
RESET Pulse Width tRL 1.5 — tcvc
Timer Resolution (NOTE 2) tRESL 4.0 - tcyc
Interrupt Pulse Width Low (Edge-Triggered) tiLiH 125 — ns
Interrupt Pulse Period ti (NOTE 3) — tcyc
OSC1 Pulse Width toH, toL 90 —_ ns
A/D On Current Stabilization Time tADON — 100 us

NOTES:
1. Vpp=5.0 Vdc + 10%, Vss =0 Vdc, Ta= Tito T, unless otherwise noted.

2. Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting
minimum factor in determining the timer resolution.

3. The minimum period tiiL should not be less than the number of cycle times it takes to execute
the interrupt service routine plus 19 tcyc.

MOTOROLA ELECTRICAL SPECIFICATIONS MC68HC705P6
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T T

PD7/TCAP

Figure 13-4. TCAP Timing

osc )I0}0}0}0}0}0}0{(0}0}(0}0{(0IOI0}0}0){(‘}0}(((0}0OXOIOI(OIOIOIOXOIOX(OIOIOI
| \

r--1
INTERNAL 1 i
CLOCK HE l I | | I I I | i I | |
INTERNAL

P

RESET OR INTERRUPT
VECTOR FETCH

NOTES:
1. Represents the internal clocking of OSC1 pin.
2. External interrupt edge-triggered mask option.
3. External interrupt edge- and level-triggered mask option.
4. Reset vector shown for timing example.

Figure 13-5. STOP Recovery Timing
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iR (PIN) —lst'“_***l

T

. WIRED-OR

CONNECTIONS
iRQn [

{RQ (INTERNAL) _l [

Figure 13-6. External Interrupt Timing

13.8 Control Timing (Vpp = 3.3 Vdc)

Table 13-7. Control Timing (Vpp = 3.3 Vdc)

Characteristic Symbol Min Max | Unit

Oscillator Frequency fosc

Crystal Option - 2.0 | MHz

External Clock Option dc 2.0 | MHz
Internal Operating Frequency fop

Crystal (fosc + 2) - 1.0 | MHz

External Clock (fosc + 2) de 1.0 | MHz
Cycle Time tcye 1 - ms
Crystal Oscillator Startup Time toxov - 100 | ms
STOP Recovery Startup Time (Crystal Oscillator) tiLcH - 100 | ms
RESET Pulse Width tRL 1.5 - | teve
Timer Resolution (NOTE 2) tRESL 4.0 - | teye
Interrupt Pulse Width Low (Edge-Triggered) tiuH 250 - ns
Interrupt Pulse Period tiie (NOTE 3) - | teyc
OSC1 Pulse Width toH, toL 200 - ns

NOTES:
1. Vbop=3.3 Vdc + 10%, Vss =0 Vdc, Ta= T to TH, unless otherwise noted.

2. Because a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the
limiting minimum factor in determining the timer resolution.

3. The minimum period tiiL should not be less than the number of cycle times it takes to
execute the interrupt service routine plus 19 tcyc.
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tvDOR —>|
v 1 “*
DD POR THRESHOLD (TYPICALLY 1-2V)

o WMWMMNMNNMMMMMMNWM
|(—

LT \ !
INTERNAL et ' I_
cLock! L7~ . . ! I

INTERNAL

Aooﬁltglsg1 1FFE 1FFE 1FFE 1FFE 1FFE 1FFF

NOTES:
1. Internal clock, internal address bus, and internal data bus are not available externally.

Figure 13-7. Power-On Reset Timing

| |
mw‘lﬁrﬁ[ EnlnEnEnEE
ADDRESS 1FFE X 1FFE X 1FFE X 1FFF XNEWPCXNEWPCX
}DQH H HEE -3

<———'RL—>

RESET2 I . 7/ / /T

v |

NOTES:
1. Internal clock, internal address bus, and internal data bus signals are not available externally.
2. Next rising edge of internal clock after rising edge of RESET initiates reset sequence.

Figure 13-8. External Reset Timing
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13.9 SIOP Timing (Vpp = 5.0 Vdc)

Table 13-8. SIOP Timing (Vpp = 5.0 Vdc)

Characteristic Symbol | Min Max | Unit

Frequency of Operation

Master fsior(m) 0.25 0.25 for

Slave ° | fsior(s) de 525 kHz
Cycle Time

Master : tsck(m) 4.0 4.0 tcyc

Slave tsck(s) — 1920 ns
Clock (SCK) Low Time (fop = 2.1 MHz) tsckL 932 — ns
SDO Data Valid Time tv - 200 ns
SDO Hold Time tHo 0 - ns
SDI Setup Time ts 100 —_— ns
SDI Hold Time tH 100 — ns
NOTES:

1. Vpp =5.0 Vdc + 10%, Vss =0 Vdc, Ta= T to TH, unless otherwise noted.
2. fop =fosc + 2 = 2.1 MHz maximum; tcyc = 1 + fop,
3. In master mode, SCK is generated by dividing the internal clock (fop) by 4.

SCK

SDI

NOTES:

1. This diagram applies to both the master and slave modes of the SIOP.
2. Bit order is shown for MSB first option.

Figure 13-9. SIOP Timing
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13.10 SIOP Timing (Vpp = 3.3 Vdc)
Table 13-9. SIOP Timing (Vpp = 3.3 Vdc)
Characteristic Symbol | Min Max | Unit
Frequency of operation
Master fsiop() | 0.25 | 0.25 | fop
Slave fsiop(s) dc 250 kHz
Cycle Time
Master tsck(m) 4.0 4.0 tcye
Slave tsck(s) - 4000 ns
Clock (SCK) Low Time (fop = 1.0 MHz) tsckL 1980 - ns
SDO Data Valid Time tv - 400 ns
SDO Hold Time tHo 0 - ns
SDI Setup Time ts 200 - ns
SDI Hold Time tH 200 - ns
NOTES:
1. Vpp = 3.3 Vdc + 10%, Vss = 0 Vdc, Ta = Tito Th, unless otherwise noted.
2. fop = 1.0 MHz maximum.
MC68HC705P6 ELECTRICAL SPECIFICATIONS MOTOROLA
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SECTION 14
MECHANICAL SPECIFICATIONS

This section gives the dimensions of the plastic dual in-line package (PDIP),
ceramic dual in-line package (cerdip), and small outline integrated circuit
(SOIC) package.

14.1 PDIP

TES:
1. POSITIONAL TOLERANCE OF LEADS (Dj,
SHALL BE WITHIN 0.25mm (0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND
AAAAAAAMADNAARD EACH OTHER.
2 15 2 DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
3. DIMENSION B DOES NOT INCLUDE
p MOLD FLASH,

h—— o —>

| MILLIMETERS | INCHES
14 OIM | MIN_| MAX | MIN T MAX
TV VVVVVVVVVV VY 36.45 | 37.21 | 1.435 | 1.465
ja—— L —» 1372 [ 142
A rC 4] 508
36 | 0.5 | 0.014 | 0.022
2] 1520 I
15 [ 2.15 | 0.065 ] 0085 |
0. 0.38 008
—hl"t-bIGI- |K F,“ 22| 38
F

Al
1524 BSC 0.600 BSC

e e oo

CASE 710-02
ISSUE B

Figure 14-1.
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14.2 Cerdip

NOTES:

1. DIM A AND B INCLUDES MENISCUS.

2. DIML TO CENTER OF LEADS WHEN FORMED
PARALLE|

L
3. :)IQKENSIOMNG AND TOLERANCING PER ANS! Y14.5,
4. CONTROLLING DiM: INCH.

-

AN MN

-A- r_L_- [1.435 1490 | 3645 | 3784
.500 | 0.605 | 12.70 | 15.36
N 160 10230 | 406 | 584
1 0015 [ 0022 | 038 | 055
+ 0050 [ 0.065 | 127 | 165
] N Ao
ATNG 0.008 [ 0012 | 020 | 030
PLANE —| G K- M J—> 0125 | 0.160 | 3.18 | 406
-J L—H F ‘l ) 0.600 BSC 15.24 BSC
C] 1] o] 1%
D 2pL N_| 0620 | 0050 | 051 1‘27

[Pl@ 0.25 (0010 @] 1] A@l

CASE 733B-02

ISSUE B

Figure 14-2.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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