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SECTION 1INTRODUCTION

The MC68HC11F1 high-performance microcontroller unit (MCU) is an enhanced de-
rivative of the M68HC11 family of microcontrollers and includes many advanced fea-
tures. This MCU, with a nonmultiplexed expanded bus, is characterized by high speed
and low power consumption. The fully static design allows operation at frequencies
from 4 MHz to dc.

1.1 Features

* M6BHC11 Central Processing Unit (CPU)

» Power Saving STOP and WAIT Modes

» 512 Bytes Electrically Erasable Programmable Read-Only Memory (EEPROM)

» 1024 Bytes RAM, Data Retained During Standby

* Nonmultiplexed Address and Data Buses

» Enhanced 16-Bit Timer

» Three Input Capture (IC) Channels

* Four Output Compare (OC) Channels

» One Additional Channel, Selectable as Fourth IC or Fifth OC

* 8-Bit Pulse Accumulator

* Real-Time Interrupt Circuit

» Computer Operating Properly (COP) Watchdog

* Enhanced Asynchronous Nonreturn to Zero (NRZ) Serial Communications Inter-
face (SCI)

* Enhanced Synchronous Serial Peripheral Interface (SPI)

* Eight-Channel 8-Bit Analog-to-Digital (A/D) Converter

* Four Chip-Select Signal Outputs with Programmable Clock Stretching
— Two I/O Chip Selects
— One Program Chip Select
— One General-Purpose Chip Select

* Available in 68-Pin Plastic Leaded Chip Carrier (PLCC) and 80-Pin Plastic Quad
Flat Pack (QFP)

MC68HC11F1 INTRODUCTION MOTOROLA
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Figure 1-1 MC68HC11F1 Block Diagram
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PC1/DATA1
PC2/DATA2
PC3/DATA3
PC4/DATA4
PC5/DATAS
PC6/DATAB
PC7/DATA7

PG7/CSPROG
PG6/CSGEN
PG5/CSIO1
PG4/CSIO2

Figure 2-1 Pin Assignments for MC68HC11F1 68-Pin PLCC

MC68HC11F1
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SECTION 2 PIN DESCRIPTIONS

The MC68HC11F1 MCU is available in a 68-pin plastic leaded chip carrier (PLCC) and
an 80-pin plastic quad flat pack (QFP). Most pins on this MCU serve two or more func-
tions, as described in the following paragraphs. Figure 2-1 shows the pin assignments
for the PLCC. Figure 2-2 shows the pin assignments for the QFP.
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Figure 2-2 Pin Assignments for MC68HC11F1 80-Pin QFP

2.1Vpp and Vss

Power is supplied to the MCU through Vpp and Vss. Vpp is the power supply, and
Vgg is ground. The MCU operates from a single 5-volt (nominal) power supply. Very
fast signal transitions occur on the MCU pins. The short rise and fall times place high,
short duration current demands on the power supply. To prevent noise problems, pro-
vide good power-supply bypassing at the MCU. Also, use bypass capacitors that have
good high-frequency characteristics and situate them as close to the MCU as possible.
Bypass requirements vary, depending on how heavily the MCU pins are loaded.
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2.2 Reset (RESET)

An active low bidirectional control signal, RESET, acts as an input to initialize the MCU
to a known start-up state. It also acts as an open-drain output to indicate that an inter-
nal failure has been detected in either the clock monitor or COP watchdog circuit. The
CPU distinguishes between internal and external reset conditions by sensing whether
the reset pin rises to a logic one in less than two E-clock cycles after a reset has oc-
curred. It is not advisable to connect an external resistor-capacitor (RC) power-up de-
lay circuit to the reset pin of M6BHC11 devices because the circuit charge time
constant can cause the device to misinterpret the type of reset that occurred. Refer to
SECTION 5 RESETS AND INTERRUPTS for further information.

Figure 2-3 illustrates a reset circuit that uses an external switch. Other circuits can be
used, however, it is important to incorporate a low voltage interrupt (LVI) circuit to pre-
vent operation at insufficient voltage levels which could result in erratic behavior or cor-
ruption of RAM.

VDD VDD

_______________________________ 1
| |
| VDD |
| | MC34064 |2
| ; - 47KQ
I |
I MANUAL | S  TORESET
| RESET SWITCH 47kQ | RESET > OF MB8HC11
| O>Vi 47kQ ! GND
: 1 MCa4164 |2 ! BE
| 1.0 uF N : —
[ I 1 |
L = RESET

|
|

GND I

I OPTIONAL POWER-ON DELAY |
| AND MANUAL RESET SWITCH BE |

|
I |

Figure 2-3 External Reset Circuit

2.3 E-Clock Output (E)

E is the output connection for the internally generated E clock. The signal from E is
used as a timing reference. The frequency of the E-clock output is one fourth that of
the input frequency at the EXTAL pin. When E-clock output is low, an internal process
is taking place. When it is high, data is being accessed. All clocks, including the E
clock, are halted when the MCU is in STOP mode. The E clock can be turned off in
single-chip modes to reduce the effects of radio frequency interference (RFI). Refer to
SECTION 9 TIMING SYSTEM.

2.4 Crystal Driver and External Clock Input (XTAL, EXTAL)

These two pins provide the interface for either a crystal or a CMOS-compatible clock
to control the internal clock generator circuitry. Either a crystal oscillator or a CMOS
compatible clock can be used. The resulting E-clock rate is the input frequency divided
by four.
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The XTAL pin is normally left unterminated when an external CMOS compatible clock
is connected to the EXTAL pin. However, a 10 kQ to 100 kQ load resistor connected
from the XTAL output to ground can be used to reduce RFI noise emission.

The XTAL output is normally used to drive a crystal. The XTAL output can be buffered
with a high-impedance buffer, or it can be used to drive the EXTAL input of another
M68HC11 device. Refer to Figure 2-6.

In all cases, use caution when designing circuitry associated with the oscillator pins.
Load capacitances shown in the oscillator circuits include all stray layout capacitanc-
es. Refer to Figure 2-4, Figure 2-5, and Figure 2-6.

25 pF*

EXTAL

4xE

MCU CRYSTAL

XTAL

i

25 pF*

*Values include all stray capacitances.

Figure 2-4 Common Crystal Connections

CMOS-COMPATIBLE

EXTAL % EXTERNAL

OSCILLATOR
MCU
NC OR

XTAL — 10k-100k
LOAD %

Figure 2-5 External Oscillator Connections

25 pF* 220
EXTAL | EXTAL
FIRST 4XE SECOND
MCU 1M < crystaL = NC OR MCU
XTAL ° H—«. 10k-100 k — XTAL
. LOAD
25 pF —

*Values include all stray capacitances.

Figure 2-6 One Crystal Driving Two MCUs
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2.5 Four Times E-Clock Frequency Output (4XOUT)

Although the circuit shown in Figure 2-6 will work for any M68HC11 MCU, the
MC68HC11F1 has an additional clock output that is four times the E-clock frequency.
This output (4XOUT) can be used to directly drive the EXTAL input of another
M68HC11 MCU. Refer to Figure 2-7. The 4XOUT output is enabled after reset and
can be disabled by clearing the CLK4X bit in the OPT2 register.

4X0oUT EXTAL
MC68HC11F1
NC OR SECOND
EXTAL [— OSCILLATOR 10k—-100 k —{ XTAL MCU
CIRCUIT OR LOAD
CMOS-COMPATIBLE
XTAL —— CLOCK

Figure 2-7 4XOUT Signal Driving a Second MCU

2.6 Interrupt Request (IRQ)

The IRQ input provides a means of generating asynchronous interrupt requests for the
CPU. Either falling-edge triggering or low-level triggering is selected by the IRQE bit
in the OPTION register. IRQ is always configured for level-sensitive triggering at reset.
Connect an external pull-up resistor, typically 4.7 kQ, to Vpp when IRQ is used in a
level-sensitive wired-OR configuration. Refer to SECTION 5 RESETS AND INTER-
RUPTS.

2.7 Non-Maskable Interrupt (XIRQ)

The XIRQ input provides a means of requesting a non-maskable interrupt after reset
initialization. During reset, the X bit in the condition code register (CCR) is set and any
interrupt is masked until MCU software enables it. Because the XIRQ input is level
sensitive, it can be connected to a multiple-source wired-OR network with an external
pull-up resistor to Vpp. XIRQ is often used as a power loss detect interrupt.

Whenever XIRQ or IRQ are used with multiple interrupt sources (IRQ must be config-
ured for level-sensitive operation if there is more than one source of IRQ interrupt),
each source must drive the interrupt input with an open-drain type of driver to avoid
contention between outputs. There should be a single pull-up resistor near the MCU
interrupt input pin (typically 4.7 kQ). There must also be an interlock mechanism at
each interrupt source so that the source holds the interrupt line low until the MCU rec-
ognizes and acknowledges the interrupt request. If one or more interrupt sources are
still pending after the MCU services a request, the interrupt line will still be held low
and the MCU will be interrupted again as soon as the interrupt mask bit in the condition
code register (CCR) is cleared (normally upon return from an interrupt). Refer to SEC-
TION 5 RESETS AND INTERRUPTS.
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2.8 MODA and MODB (MODA/LIR and MODB/VsTgY)

During reset, MODA and MODB select one of the four operating modes. Refer to SEC-
TION 4 OPERATING MODES AND ON-CHIP MEMORY.

After the operating mode has been selected, the LIR pin provides an open-drain output
to indicate that execution of an instruction has begun. The LIR pin is configured for
wired-OR operation (only pulls low). A series of E-clock cycles occurs during execution
of each instruction. The LIR signal is asserted (drives low) during the first E-clock cycle
of each instruction (opcode fetch). This output is provided for assistance in program
debugging.

The VgTgY pin is used to input RAM standby power. The MCU is powered from the
Vpp signal unless the difference between the level of VgTtgy and V(g is greater than
one MOS threshold (about 0.7 volts). When these voltages differ by more than 0.7
volts, the internal 768-byte RAM and part of the reset logic are powered from VsTgy
rather than Vpp. This allows RAM contents to be retained without Vpp power applied
to the MCU. Reset must be driven low before Vpp is removed and must remain low
until Vpp has been restored to a valid level.

2.9 VRH and VRL

These pins provide the reference voltage for the analog-to-digital converter. Bypass
capacitors should be used to minimize noise on these signals. Any noise on VrH and
VRL will directly affect A/D accuracy.

2.10 RIW

In expanded and test modes, R/W indicates the direction of transfers on the external
data bus. A logic level one on this pin indicates that a read cycle is in progress. A logic
zero on this pin indicates that a write cycle is in progress and that no external device
should drive the data bus.

The E-clock can be used to enable external devices to drive data onto the data bus
during the second half of a read bus cycle (E clock high). R/W can then be used to
control the direction of data transfers. R/W drives low when data is being written to the
external data bus. R/W will remain low during consecutive data bus write cycles, such
as when a double-byte store occurs.

2.11 Port Signals

For the MC68HC11F1, 54 pins are arranged into six 8-bit ports: A, B, C, E, F, and G,
and one 6-bit port (D). Each of these seven ports serves a purpose other than I/O, de-
pending on the operating mode or peripheral functions selected. Note that ports B, C,
and F are available for I/O functions only in single-chip and bootstrap modes. The pins
of ports A, C, D, and G are fully bidirectional. Ports B and F are output-only ports. Port
E is an input-only port. Refer to Table 2-1 for details about the 54 port signals’ func-
tions within different operating modes.
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2.11.1 Port A

Table 2-1 Port Signal Functions

Port/Bit Single-Chip and Expanded and
Bootstrap Mode Special Test Mode
PAO PAO0/IC3
PA1 PA1/1C2
PA2 PA2/IC1
PA3 PA3/OC5/IC4/0C1
PA4 PA4/0C4/0C1
PAS5 PA5/0OC3/0C1
PAG6 PA6/0OC2/0C1
PA7 PA7/PAI/OC1
PB[7:0] PB[7:0] ADDRJ[15:8]
PCI[7:0] PC[7:0] DATA[7:0]
PDO PDO/RxD
PD1 PD1/TxD
PD2 PD2/MISO
PD3 PD3/MOSI
PD4 PD4/SCK
PD5 PD5/SS
PE[7:0] PE[7:0)/AN[7:0]
PF[7:0] PF[7:0] ADDRJ[7:0]
PGO PGO
PG1 PG1
PG2 PG2
PG3 PG3
PG4 PG4 PG4/CSIO2
PG5 PG5 PG5/CSIO1
PG6 PG6 PG6/CSGEN
PG7 PG7 PG7/CSPROG

Port A is an 8-bit general-purpose I/0O port with a data register (PORTA) and a data
direction register (DDRA). Port A pins share functions with the 16-bit timer system.
PORTA can be read at any time. Inputs return the pin level; outputs return the pin driv-
er input level. If written, PORTA stores the data in internal latches. It drives the pins
only if they are configured as outputs. Writes to PORTA do not change the pin state
when the pins are configured for timer output compares.

Out of reset, port A pins [7:0] are general-purpose high-impedance inputs. When the
timer functions associated with these pins are disabled, the bits in DDRA govern the
I/O state of the associated pin. For further information, refer to SECTION 6 PARAL-
LEL INPUT/OUTPUT.

NOTE

When using the information about port functions, do not confuse pin
function with the electrical state of the pin at reset. All general-pur-
pose 1/O pins configured as inputs at reset are in a high-impedance
state. Port data registers reflect the logic state of the port at reset.
The pin function is mode dependent.

MC68HC11F1
TECHNICAL DATA
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2.11.2 Port B

Port B is an 8-bit output-only port. In single-chip modes, port B pins are general-pur-
pose output pins (PB[7:0]). In expanded modes, port B pins act as the high-order ad-
dress lines (ADDR[15:8]) of the address bus.

PORTB can be read at any time. Reads of PORTB return the pin driver input level. If
PORTB is written, the data is stored in internal latches. It drives the pins only in single-
chip or bootstrap mode. In expanded operating modes, port B pins are the high-order
address outputs (ADDR[15:8]).

Refer to SECTION 6 PARALLEL INPUT/OUTPUT.

2.11.3 Port C

Port C is an 8-bit general-purpose I/O port with a data register (PORTC) and a data
direction register (DDRC). In single-chip modes, port C pins are general-purpose 1/O
pins (PC[7:0]). In expanded modes, port C pins are configured as data bus pins (DA-
TA[7:0]).

PORTC can be read at any time. Inputs return the pin level; outputs return the pin driv-
er input level. If PORTC is written, the data is stored in internal latches. It drives the
pins only if they are configured as outputs in single-chip or bootstrap mode. Port C pins
are general-purpose inputs out of reset in single-chip and bootstrap modes. In expand-
ed and test modes, these pins are data bus lines out of reset.

The CWOM control bit in the OPT2 register disables port C’s P-channel output drivers.
Because the N-channel driver is not affected by CWOM, setting CWOM causes port
C to become an open-drain-type output port suitable for wired-OR operation. In wired-
OR mode, (PORTC bits are at logic level zero), pins are actively driven low by the N-
channel driver. When a port C bit is at logic level one, the associated pin is in a high-
impedance state, as neither the N-channel nor the P-channel devices are active. It is
customary to have an external pull-up resistor on lines that are driven by open-drain
devices. Port C can only be configured for wired-OR operation when the MCU is in sin-
gle-chip or bootstrap modes.

Refer to SECTION 6 PARALLEL INPUT/OUTPUT.

2.11.4 Port D

Port D, a 6-bit general-purpose 1/O port, has a data register (PORTD) and a data di-
rection register (DDRD). The six port D lines (D[5:0]) can be used for general-purpose
I/O, for the serial communications interface (SCI) and serial peripheral interface (SPI)
subsystems.

PORTD can be read at any time. Inputs return the pin level; outputs return the pin driv-
er input level. If PORTD is written, the data is stored in internal latches and can be driv-
en only if port D is configured for general-purpose output.

The DWOM control bit in the SPCR register disables port D’s P-channel output drivers.
Because the N-channel driver is not affected by DWOM, setting DWOM causes port
D to become an open-drain-type output port suitable for wired-OR operation. In wired-
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OR mode, (PORTD bits are at logic level zero), pins are actively driven low by the N-
channel driver. When a port D bit is at logic level one, the associated pin is in a high-
impedance state, as neither the N-channel nor the P-channel devices are active. It is
customary to have an external pull-up resistor on lines that are driven by open-drain
devices. Port D can be configured for wired-OR operation in any operating mode.

Refer to SECTION 6 PARALLEL INPUT/OUTPUT, SECTION 7 SERIAL COMMUNI-
CATIONS INTERFACE, and SECTION 8 SERIAL PERIPHERAL INTERFACE.

2.11.5Port E

Port E is an 8-bit input-only port that is also used as the analog input port for the ana-
log-to-digital converter. Port E pins that are not used for the A/D system can be used
as general-purpose inputs. However, PORTE should not be read during the sample
portion of an A/D conversion sequence.

Refer to SECTION 10 ANALOG-TO-DIGITAL CONVERTER.

2.11.6 Port F

Port F is an 8-bit output-only port. In single-chip mode, port F pins are general-purpose
output pins (PF[7:0]). In expanded mode, port F pins act as the low-order address out-
puts (ADDR][7:0]).

PORTF can be read at any time. Reads of PORTF return the pin driver input level. If
PORTF is written, the data is stored in internal latches. It drives the pins only in single-
chip or bootstrap mode. In expanded operating modes, port F pins are the low-order
address outputs (ADDR][7:0]).

Refer to SECTION 6 PARALLEL INPUT/OUTPUT.

2.11.7 Port G

Port G is an 8-bit general-purpose I/0O port. When enabled, four chip select signals are
alternate functions of port G bits [7:4].

PORTG can be read at any time. Inputs return the pin level; outputs return the pin driv-
er input level. If PORTG is written, the data is stored in internal latches. It drives the
pins only if they are configured as outputs.

The GWOM control bit in the OPT2 register disables port G's P-channel output drivers.
Because the N-channel driver is not affected by GWOM, setting GWOM causes port
G to become an open-drain-type output port suitable for wired-OR operation. In wired-
OR mode, (PORTG bits are at logic level zero), pins are actively driven low by the N-
channel driver. When a port G bit is at logic level one, the associated pin is in a high-
impedance state, as neither the N-channel nor the P-channel devices are active. It is
customary to have an external pull-up resistor on lines that are driven by open-drain
devices. Port G can be configured for wired-OR operation in any operating mode.

Refer to SECTION 6 PARALLEL INPUT/OUTPUT and SECTION 4 OPERATING
MODES AND ON-CHIP MEMORY.
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SECTION 3 CENTRAL PROCESSING UNIT

This section presents information on M68HC11 central processing unit (CPU) archi-
tecture. Data types, addressing modes, the instruction set, and the extended address-
ing range required to support this MCU’s memory expansion feature are also included,
as are special operations such as subroutine calls and interrupts.

The CPU is designed to treat all peripheral, 1/0, and memory locations identically as
addresses in the 64 Kbyte memory map. This is referred to as memory-mapped 1/O.
There are no special instructions for I/O that are separate from those used for memory.
This architecture also allows accessing an operand from an external memory location
with no execution-time penalty.

3.1 CPU Registers

M68HC11 CPU registers are an integral part of the CPU and are not addressed as if
they were memory locations. The seven registers, discussed in the following para-
graphs, are shown in Figure 3-1.
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| ACCUMULATOR A | A
7 0
| ACCUMULATOR B | B
15 0
| DOUBLE ACCUMULATOR D | D
15 0
| INDEX REGISTER X | X
15 0
| INDEX REGISTER Y | Iy
15 0
| STACK POINTER | P
15 0
| PROGRAM COUNTER | PC
7 6 5 4 3 2 1 0
CONDITION CODE REGISTER | s \ X \ H \ | \ N \ z \ v \ c | CCR
L CARRY
OVERFLOW
ZERO
NEGATIVE
| INTERRUPT MASK
HALF-CARRY (FROM BIT 3)
X INTERRUPT MASK

STOP DISABLE

Figure 3-1 Programming Model

3.1.1 Accumulators A, B, and D

Accumulators A and B are general-purpose 8-bit registers that hold operands and re-
sults of arithmetic calculations or data manipulations. For some instructions, these two
accumulators are treated as a single double-byte (16-bit) accumulator called accumu-
lator D. Although most instructions can use accumulators A or B interchangeably, the
following exceptions apply:

The ABX and ABY instructions add the contents of 8-bit accumulator B to the contents
of 16-bitregister X or Y, but there are no equivalent instructions that use A instead of B.

The TAP and TPA instructions transfer data from accumulator A to the condition code
register, or from the condition code register to accumulator A, however, there are no
equivalent instructions that use B rather than A.

The decimal adjust accumulator A (DAA) instruction is used after binary-coded deci-
mal (BCD) arithmetic operations, but there is no equivalent BCD instruction to adjust
accumulator B.
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The add, subtract, and compare instructions associated with both A and B (ABA, SBA,
and CBA) only operate in one direction, making it important to plan ahead to ensure
that the correct operand is in the correct accumulator.

3.1.2 Index Register X (IX)

The IX register provides a 16-bit indexing value that can be added to the 8-bit offset
provided in an instruction to create an effective address. The IX register can also be
used as a counter or as a temporary storage register.

3.1.3 Index Register Y (IY)

The 16-bit IY register performs an indexed mode function similar to that of the 1X reg-
ister. However, most instructions using the 1Y register require an extra byte of machine
code and an extra cycle of execution time because of the way the opcode map is im-
plemented. Refer to 3.3 Opcodes and Operands for further information.

3.1.4 Stack Pointer (SP)

The M68HC11 CPU has an automatic program stack. This stack can be located any-
where in the address space and can be any size up to the amount of memory available
in the system. Normally the SP is initialized by one of the first instructions in an appli-
cation program. The stack is configured as a data structure that grows downward from
high memory to low memory. Each time a new byte is pushed onto the stack, the SP
is decremented. Each time a byte is pulled from the stack, the SP is incremented. At
any given time, the SP holds the 16-bit address of the next free location in the stack.
Figure 3-2 is a summary of SP operations.
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JSR, JUMP TO SUBROUTINE

PC
DIRECT
RTN
PC
INDXD,X
RTN
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MAIN PROGRAM

$AD = JSR

ff
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MAIN PROGRAM
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MAIN PROGRAM

$BD = JSR

hh

NEXT MAIN INSTR

BSR, BRANCH TO SUBROUTINE
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MAIN PROGRAM
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NEXT MAIN INSTR

RTS, RETURN FROM SUBROUTINE

PC

SUBROUTINE
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SP-2
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SP-2
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INTERRUPT PROGRAM STACK
PC $3B =RTI SP
SP+1 CONDITION CODE
SP+2 ACMLTR B
SP+3 ACMLTR A
SP+4 | INDEX REGISTER (XH)
SP+5 | INDEX REGISTER (XL)
SP+6 | INDEX REGISTER (YH)
SP+7 | INDEX REGISTER (YL)
SP+8 RTNH
SP+9 RTNL
SWI, SOFTWARE INTERRUPT
MAIN PROGRAM STACK
PC $3F =SWI SP-9
RTN SP-8 CONDITION CODE
SP-7 ACMLTR B
SP-6 ACMLTR A
} SP-5 [ INDEX REGISTER (XH)
P-4 | INDEX REGISTER (X|
WAI, WAIT FOR INTERRUPT S )
MAIN PROGRAM SP-3 [ INDEX REGISTER (YH)
PG $3E = WA SP-2 [ INDEX REGISTER (Y[)
RTN SP-1 RTNH
SP RTNL
LEGEND:
RTN Address of next instruction in main program to be
executed upon return from subroutine.
RTNH Most significant byte of return address.
RTNL Least significant byte of return address.
Shaded cells show stack pointer position after
:l operation is complete.
dd 8-bit direct address ($0000-$00FF) (high byte
assumed to be $00).
ff  8-bit positive offset $00 (0) to $FF (256) is added
to index.
hh High-order byte of 16-bit extended address.

Il
rr

Low-order byte of 16-bit extended address.
Signed-relative offset $80 (-128) to $7F (+127)
(offset relative to the address following the

machine code offset byte).

Figure 3-2 Stacking Operations

When a subroutine is called by a jump to subroutine (JSR) or branch to subroutine
(BSR) instruction, the address of the instruction after the JSR or BSR is automatically
pushed onto the stack, least significant byte first. When the subroutine is finished, a
return from subroutine (RTS) instruction is executed. The RTS pulls the previously
stacked return address from the stack, and loads it into the program counter. Execu-
tion then continues at this recovered return address.

MOTOROLA
3-4

CENTRAL PROCESSING UNIT

MC68HC11F1
TECHNICAL DATA




When an interrupt is recognized, the current instruction finishes normally, the return
address (the current value in the program counter) is pushed onto the stack, all of the
CPU reqisters are pushed onto the stack, and execution continues at the address
specified by the vector for the interrupt. At the end of the interrupt service routine, an
RTl instruction is executed. The RTI instruction causes the saved registers to be pulled
off the stack in reverse order. Program execution resumes at the return address.

There are instructions that push and pull the A and B accumulators and the X and Y
index registers. These instructions are often used to preserve program context. For
example, pushing accumulator A onto the stack when entering a subroutine that uses
accumulator A, and then pulling accumulator A off the stack just before leaving the
subroutine, ensures that the contents of a register will be the same after returning from
the subroutine as it was before starting the subroutine.

3.1.5 Program Counter (PC)

The program counter, a 16-bit register, contains the address of the next instruction to
be executed. After reset, the program counter is initialized from one of six possible
vectors, depending on operating mode and the cause of reset.

Table 3-1 Reset Vector Comparison

POR or RESET Pin Clock Monitor COP Watchdog
Normal $FFFE, F $FFFC, D $FFFA, B
Test or Boot $BFFE, F $BFFC, D $BFFA, B

3.1.6 Condition Code Register (CCR)

This 8-bit register contains five condition code indicators (C, V, Z, N, and H), two inter-
rupt masking bits, (I and X) and a stop disable bit (S). In the M6BHC11 CPU, condition
codes are automatically updated by most instructions. For example, load accumulator
A (LDAA) and store accumulator A (STAA) instructions automatically set or clear the
N, Z, and V condition code flags. Pushes, pulls, add B to X (ABX), add B to Y (ABY),
and transfer/exchange instructions do not affect the condition codes. Refer to Table
3-2, which shows what condition codes are affected by a particular instruction.

3.1.6.1 Carry/Borrow (C)

The C bit is set if the arithmetic logic unit (ALU) performs a carry or borrow during an
arithmetic operation. The C bit also acts as an error flag for multiply and divide opera-
tions. Shift and rotate instructions operate with and through the carry bit to facilitate
multiple-word shift operations.

3.1.6.2 Overflow (V)

The overflow bit is set if an operation causes an arithmetic overflow. Otherwise, the V
bit is cleared.
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3.1.6.3 Zero (2)

The Z bit is set if the result of an arithmetic, logic, or data manipulation operation is
zero. Otherwise, the Z bit is cleared. Compare instructions do an internal implied sub-
traction and the condition codes, including Z, reflect the results of that subtraction. A
few operations (INX, DEX, INY, and DEY) affect the Z bit and no other condition flags.
For these operations, only = and - conditions can be determined.

3.1.6.4 Negative (N)

The N bit is set if the result of an arithmetic, logic, or data manipulation operation is
negative (MSB = 1). Otherwise, the N bit is cleared. A result is said to be negative if
its most significant bit (MSB) is a one. A quick way to test whether the contents of a
memory location has the MSB set is to load it into an accumulator and then check the
status of the N bit.

3.1.6.5 Interrupt Mask (1)

The interrupt request (IRQ) mask (I bit) is a global mask that disables all maskable in-
terrupt sources. While the | bit is set, interrupts can become pending, but the operation
of the CPU continues uninterrupted until the | bit is cleared. After any reset, the | bit is
set by default and can only be cleared by a software instruction. When an interrupt is
recognized, the | bit is set after the registers are stacked, but before the interrupt vector
is fetched. After the interrupt has been serviced, a return from interrupt instruction is
normally executed, restoring the registers to the values that were present before the
interrupt occurred. Normally, the | bit is zero after a return from interrupt is executed.
Although the I bit can be cleared within an interrupt service routine, “nesting” interrupts
in this way should only be done when there is a clear understanding of latency and of
the arbitration mechanism. Refer to SECTION 5 RESETS AND INTERRUPTS.

3.1.6.6 Half Carry (H)

The H bit is set when a carry occurs between bits 3 and 4 of the arithmetic logic unit
during an ADD, ABA, or ADC instruction. Otherwise, the H bit is cleared. Half carry is
used during BCD operations.

3.1.6.7 X Interrupt Mask (X)

The XIRQ mask (X) bit disables interrupts from the XIRQ pin. After any reset, X is set
by default and must be cleared by a software instruction. When an XIRQ interrupt is
recognized, the X and | bits are set after the registers are stacked, but before the in-
terrupt vector is fetched. After the interrupt has been serviced, an RTI instruction is
normally executed, causing the registers to be restored to the values that were present
before the interrupt occurred. The X interrupt mask bit is set only by hardware (RESET
or XIRQ acknowledge). X is cleared only by program instruction (TAP, where the as-
sociated bit of A is zero; or RTI, where bit 6 of the value loaded into the CCR from the
stack has been cleared). There is no hardware action for clearing X.
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3.1.6.8 Stop Disable (S)

Setting the STOP disable (S) bit prevents the STOP instruction from putting the
M68HC11 into a low-power stop condition. If the CPU encounters a STOP instruction
while the S bit is set, it is treated as a no-operation (NOP) instruction, and processing
continues to the next instruction. S is set by reset — STOP disabled by default.

3.2 Data Types
The M68HC11 CPU supports the following data types:

* Bit data

* 8-bit and 16-bit signed and unsigned integers
* 16-bit unsigned fractions

* 16-bit addresses

A byte is eight bits wide and can be accessed at any byte location. A word is composed
of two consecutive bytes with the most significant byte at the lower value address. Be-
cause the M68HC11 is an 8-bit CPU, there are no special requirements for alignment
of instructions or operands.

3.3 Opcodes and Operands

The M68HC11 family of microcontrollers uses 8-bit opcodes. Each opcode identifies
a particular instruction and associated addressing mode to the CPU. Several opcodes
are required to provide each instruction with a range of addressing capabilities. Only
256 opcodes would be available if the range of values were restricted to the number
able to be expressed in 8-bit binary numbers.

A four-page opcode map has been implemented to expand the number of instructions.
An additional byte, called a prebyte, directs the processor from page 0 of the opcode
map to one of the other three pages. As its name implies, the additional byte precedes
the opcode.

A complete instruction consists of a prebyte, if any, an opcode, and zero, one, two, or
three operands. The operands contain information the CPU needs for executing the
instruction. Complete instructions can be from one to five bytes long.

3.4 Addressing Modes

Six addressing modes can be used to access memory: immediate, direct, extended,
indexed, inherent, and relative. These modes are detailed in the following paragraphs.
All modes except inherent mode use an effective address. The effective address is the
memory address from which the argument is fetched or stored, or the address from
which execution is to proceed. The effective address can be specified within an in-
struction, or it can be calculated.

3.4.1 Immediate

In the immediate addressing mode an argument is contained in the byte(s) immediate-
ly following the opcode. The number of bytes following the opcode matches the size
of the register or memory location being operated on. There are two-, three-, and four-
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(if prebyte is required) byte immediate instructions. The effective address is the ad-
dress of the byte following the instruction.

3.4.2 Direct

In the direct addressing mode, the low-order byte of the operand address is contained
in a single byte following the opcode, and the high-order byte of the address is as-
sumed to be $00. Addresses $00-$FF are thus accessed directly, using two-byte in-
structions. Execution time is reduced by eliminating the additional memory access
required for the high-order address byte. In most applications, this 256-byte area is re-
served for frequently referenced data. In M68HC11 MCUs, the memory map can be
configured for combinations of internal registers, RAM, or external memory to occupy
these addresses.

3.4.3 Extended

In the extended addressing mode, the effective address of the argument is contained
in two bytes following the opcode byte. These are three-byte instructions (or four-byte
instructions if a prebyte is required). One or two bytes are needed for the opcode and
two for the effective address.

3.4.4 Indexed

In the indexed addressing mode, an 8-bit unsigned offset contained in the instruction
is added to the value contained in an index register (IX or 1Y). The sum is the effective
address. This addressing mode allows referencing any memory location in the 64
Kbyte address space. These are two- to five-byte instructions, depending on whether
or not a prebyte is required.

3.4.5 Inherent

In the inherent addressing mode, all the information necessary to execute the instruc-
tion is contained in the opcode. Operations that use only the index registers or accu-
mulators, as well as control instructions with no arguments, are included in this
addressing mode. These are one- or two-byte instructions.

3.4.6 Relative

The relative addressing mode is used only for branch instructions. If the branch con-
dition is true, an 8-bit signed offset included in the instruction is added to the contents
of the program counter to form the effective branch address. Otherwise, control pro-
ceeds to the next instruction. These are usually two-byte instructions.

3.5 Instruction Set

Refer to Table 3-2, which shows all the M68HC11 instructions in all possible address-
ing modes. For each instruction, the table shows the operand construction, the num-
ber of machine code bytes, and execution time in CPU E clock cycles.
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Table 3-2 Instruction Set (Sheet 1 of 6)

Mnemonic Operation Description Addressing Instruction Condition Codes
Mode Opcode |[Operand [Cycles| S [ X [ H | | NJzJV]C
ABA Add A+BOA INH 1B — 2 — — A — | A A A A
Accumulators
ABX Add B to X IX+(00:B) 0O IX INH 3A —_ 3 —_ - = == = = -
ABY AddBtoY IY+(00:B)O IY INH 18 3A — 4 - = = - = = = -
ADCA (opr) |AddwithCarry| A+M+CO A |A IMM 89 [ii 2 — — A —| A A A A
to A A DIR 99 |dd 3
A EXT B9 |hh I 4
A IND,X A9 |ff 4
A IND,Y 18 A9 |ff 5
ADCB (opr) |AddwithCarry| B+M+CO B |B IMM Co i 2 — — A —| A A A A
to B B DIR D9 |dd 3
B EXT F9 |hh I 4
B IND,X E9 |ff 4
B IND,Y 18 E9 |ff 5
ADDA (opr) | Add Memory A+MOA A IMM 8B |ii 2 — — A —| A A A A
to A A DIR 9B |dd 3
A EXT BB |hh Il 4
A IND,X AB |ff 4
A IND,Y 18 AB |ff 5
ADDB (opr) | Add Memory B+MOB B IMM CB [ii 2 — — A —| A A A A
toB B DIR DB |dd 3
B EXT FB |hh 1l 4
B IND,X EB |ff 4
B IND,Y 18 EB |ff 5
ADDD (opr) |Add16-BittoD|D+(M:M+1)0 D IMM C3 [jj kk 4 — — — —| A A A A
DIR D3 |dd 5
EXT F3 |hh I 6
IND,X E3 |ff 6
IND,)Y |18 E3 |ff 7
ANDA (opr) AND A with A.MO A A IMM 84 |ii 2 — - — — | A A 0 —
Memory A DIR 94 |dd 3
A EXT B4 |hh Il 4
A IND,X A4 |ff 4
A IND)Y |18 A4 |ff 5
ANDB (opr) AND B with B.MO B B IMM C4 ii 2 — - — — | A A 0 —
Memory B DIR D4 |dd 3
B EXT F4 |hh 1l 4
B IND,X E4 |ff 4
B IND)Y |18 E4 |ff 5
ASL (opr) Arithmetic EXT 78 |hh I 6 — — — — | A A A A
Shift Left @0 IND,X 68 |ff 6
C b7 b0 IND,Y 18 68 |ff 7
ASLA Arithmetic A INH 48 — 2 - — — — | A A& A A
Shift Left A D@ﬂ)
C b7 b0
ASLB Arithmetic B INH 58 — 2 —- — — — | A A A A
Shift Left B Dﬂjﬂ?l?ﬂjﬂj*o
C b7 b0
ASLD Arithmetic INH 05 — 3 —- - — — | A A A A
Shift Left D = 0
C b7 A b0 b7 B b0
ASR Arithmetic EXT 77 |hh 1l 6 —- — — — | A A A A
Shift Right [ IND,X 67 |ff 6
b7 b0 C IND,)Y |18 67 |ff 7
ASRA Arithmetic A INH 47 — 2 —- — — — | A A A A
Shift Right A oo
b7 b0 C
ASRB Arithmetic B INH 57 — 2 —- - — — | A A A A
Shift Right B I
b7 b0 C
BCC (rel) Branchif Carry ?C=0 REL 24 | 3 —_ = = == = = =
Clear
BCLR (opr) Clear Bit(s) Me(mm)O M DIR 15 |dd mm 6 - - — — | A A 0o —
(msk) IND,X 1D |ff mm 7
IND,Y 18 1D |ff mm 8
BCS (rel) Branchif Carry ?C=1 REL 25 |mr 3 —_ = = == = = =
Set
BEQ (rel) Branch if = ?2Z=1 REL 27 | 3 —_ = = == = = =
Zero
BGE (rel) Branch if A ?NOV=0 REL 2C |mr 3 e
Zero
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Table 3-2 Instruction Set (Sheet 2 of 6)

Mnemonic Operation Description Addressing Instruction Condition Codes
Mode Opcode | Operand [ Cycles| S | X | H | | N | Z
BGT (rel) Branch if > ?Z+(NOV)=0 REL 2E |rr 3 - = = = = =
Zero
BHI (rel) Branch if ?2C+Z=0 REL 22 |rr 3 LU [ —
Higher
BHS (rel) Branch if ?C=0 REL 24 |rr 3 —_ = = = = =
Higher or
Same
BITA (opr) | Bit(s) TestA A*M A IMM 85 |ii 2 — — — —|n a
with Memory A DIR 95 |dd 3
A EXT B5 |hh I 4
A IND,X A5 |ff 4
A IND,Y 18 A5 | ff 5
BITB (opr) | Bit(s) TestB BeM B IMM C5 |ii 2 — — — —|n »a
with Memory B DIR D5 |dd 3
B EXT F5 |hh 1l 4
B IND,X E5 |ff 4
B IND,Y 18 E5 |ff 5
BLE (rel) Branch if A ?Z+(NOV)=1 REL 2F | 3 B
Zero
BLO (rel) Branch if ?C=1 REL 25 |rr 3 e
Lower
BLS (rel) Branch if ?2C+z2=1 REL 23 |rr 3 e
Lower or
Same
BLT (rel) Branch if < ?NOV=1 REL 2D |rr 3 —_ = = = = =
Zero
BMI (rel) Branch if ?N=1 REL 2B |rr 3 —_ = = = = ==
Minus
BNE (rel) Branch if not = ?22=0 REL 26 |rr 3 —_  —_ —_= = = =
Zero
BPL (rel) Branch if Plus ?N=0 REL 2A |rr 3 e
BRA (rel) Branch Always ?21=1 REL 20 |rr 3 —_ = = = = =
BRCLR(opr) Branch if ?Memm=0 DIR 13 |dd mm rr 6 —_ —_ —= = = =
(msk) | Bit(s) Clear IND,X 1F |[ff mm rr 7
(rel) IND,Y |18 1F |[ff mm rr 8
BRN (rel) Branch Never ?1=0 REL 21 |rr 3 _ - - - = =
BRSET(opr) Branch if Bit(s) ?2M)yemm=0 DIR 12 |dd mm rr 6 —_ = = = = =
(msk) Set IND,X 1E |ff mm rr 7
(rel) IND,Y |18 1E |ff mm rr 8
BSET (opr) Set Bit(s) M+mmO M DIR 14 |dd mm 6 - = — — | A A
(msk) IND,X 1C |ff mm 7
IND,Y |18 1C |ff mm 8
BSR (rel) Branch to See Figure 3-2 REL 8D |rr 6 JERE UL U U —
Subroutine
BVC (rel) Branch if ?V=0 REL 28 |rr 3 —_ = = = = ==
Overflow Clear
BVS (rel) Branch if ?v=1 REL 29 |rr 3 —_ —_ — = = =
Overflow Set
CBA Compare A to A-B INH 11 — 2 — — — — | A A
B
CLC Clear Carry Bit ogdcC INH ocC — 2 —_ —_ —_= = = =
CLI Clear Interrupt o0 | INH OE — 2 - = — 0 —_- —
Mask
CLR (opr) Clear Memory o0 M EXT 7F |hh 1l 6 _ - - — 0 1
Byte IND,X 6F |ff 6
IND,Y 18 6F |ff 7
CLRA Clear oo A A INH 4F — 2 - — — — 10 1
Accumulator A
CLRB Clear oo B B INH 5F — 2 - — — — 10 1
Accumulator B
CLV Clear Overflow o0 Vv INH 0A — 2 U S —
Flag
CMPA (opr) | Compare A to A-M A IMM 81 |ii 2 - — — — | A A
Memory A DIR 91 |dd 3
A EXT B1 |hh 1l 4
A IND,X Al |ff 4
A IND,Y 18 Al |ff 5
CMPB (opr) | Compare B to B-M B IMM C1 |ii 2 - — — — ] A A
Memory B DIR D1 |dd 3
B EXT F1 |hh 1l 4
B IND,X E1 |ff 4
B IND,Y 18 E1l |ff 5
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Table 3-2 Instruction Set (Sheet 3 of 6)

Mnemonic Operation Description Addressing Instruction Condition Codes
Mode Opcode [Operand [Cycles[ S [ X [H][ I [N Z [ V]
COM (opr) Ones $FF-MO M EXT 73 |hh 1l 6 — — — — | A A 0
Complement IND,X 63 |ff 6
Memory Byte IND,Y |18 63 |ff 7
COMA Ones $FF-AT A A INH 43 — 2 —- - — — | A A 0
Complement
A
CcomMB Ones $FF-BO B B INH 53 — 2 —- - — — | A A 0
Complement
B
CPD (opr) Compare D to D-M:M +1 IMM 1A 83 |jj kk 5 - — — — | A A A
Memory 16-Bit DIR 1A 93 |dd 6
EXT 1A B3 |hh Il 7
IND,X 1A A3 |ff 7
IND,Y CD A3 |ff 7
CPX (opr) Compare X to IX-M:M+1 IMM 8C |jj kk 4 - — — — | A A A
Memory 16-Bit DIR 9C |dd 5
EXT BC |hh 1l 6
IND,X AC |ff 6
IND,Y CD AC |ff 7
CPY (opr) Compare Y to IY-M:M+1 IMM 18 8C |jj kk 5 —_ - — — | A A A
Memory 16-Bit DIR 18 9C |dd 6
EXT 18 BC |hh I 7
IND,X 1A AC |ff 7
IND,Y 18 AC |ff 7
DAA Decimal Adjust | Adjust Sum to BCD INH 19 — 2 —_ - — — | A A A
A
DEC (opr) Decrement M-10 M EXT 7A |hh 1l 6 - - — — | A A A
Memory Byte IND,X 6A |ff 6
IND,Y 18 6A |ff 7
DECA Decrement A-10A A INH 4A — 2 —- — — — | A A A
Accumulator
A
DECB Decrement B-10B B INH 5A — 2 —- - — — | A A A
Accumulator
B
DES Decrement SP-10 SP INH 34 — 3 _- = = == - ==
Stack Pointer
DEX Decrement IX-10 IX INH 09 — 3 e A —
Index Register
X
DEY Decrement Iy-101Y INH 18 09 — 4 - - - —| = A -
Index Register
Y
EORA (opr) | Exclusive OR AOMOA A IMM 88 i 2 —- - — — | A A 0
A with Memory A DIR 98 |dd 3
A EXT B8 |hh I 4
A IND,X A8 |ff 4
A IND,Y 18 A8 |ff 5
EORB (opr) | Exclusive OR BOMOB B IMM Cc8 |ii 2 —- - — — | A A 0
B with Memory B DIR D8 |dd 3
B EXT F8 |hh I 4
B IND,X E8 |ff 4
B IND,Y 18 E8 |ff 5
FDIV Fractional D/IXDO IX;rO D INH 03 — 41 _- - - — | — A A
Divide 16 by
16
IDIV Integer Divide | D/IXO IX;rO D INH 02 — 41 —- - - — | = A 0
16 by 16
INC (opr) Increment M+10O M EXT 7C |hh 1l 6 —- - — — | A A A
Memory Byte IND,X 6C |ff 6
IND,Y 18 6C |ff 7
INCA Increment