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Chapter 1
General Description

1.1 Introduction

This section depicts the general characteristics and features of the MC68HC711D3 high-density
complementary metal-oxide semiconductor (HCMOS) microcontroller unit (MCU).

The MC68HC711D3 contains highly sophisticated on-chip peripheral functions. This high-speed,
low-power programmable read-only memory (PROM) MCU has a nominal bus speed of 3 MHz. The fully
static design allows operations at frequencies down to dc.

The MC68HC11D3 and MC68HC11D0 are read-only memory (ROM) based high-performance
microcontrollers (MCU) based on the MC68HC11E9 design. The MC68L11DO0 is an extended-voltage
version of the MC68HC11D0 that can operate in applications that require supply voltages as low as 3.0 V.
The information in this document pertains to all the devices with the exceptions noted in Appendix A
MC68HC11D3 and MC68HC11D0 and Appendix B MC68L11D0.

1.2 Features

Features of the MC68HC711D3 include:
* Expanded 16-bit timer system with four-stage programmable prescaler
* Non-return-to-zero (NRZ) serial communications interface (SCI)
* Power-saving stop and wait modes
* 64 Kbytes memory addressability
e Multiplexed address/data bus
* Serial peripheral interface (SPI)
* 4 Kbytes of one-time programmable read-only memory (OTPROM)
e 8-bit pulse accumulator circuit
* 192 bytes of static random-access memory (RAM) (all saved during standby)
* Real-time interrupt (RTI) circuit
e Computer operating properly (COP) watchdog system
* Available in these packages:
— 40-pin plastic dual in-line package (DIP)
— 44-pin plastic leaded chip carrier (PLCC)
— 44-pin plastic quad flat pack (QFP)

1.3 Structure
Refer to Figure 1-1, which shows the structure of the MC68HC711D3 MCU.
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Figure 1-1. MC68HC711D3 Block Diagram

1.4 Pin Descriptions

Refer to Figure 1-2, Figure 1-3, and Figure 1-4 for pin assignments.
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Pin Descriptions
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Figure 1-2. Pin Assignments for 40-Pin Plastic DIP
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Figure 1-3. Pin Assignments for 44-Pin PLCC
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Figure 1-4. Pin Assignments for 44-Pin QFP

1.5 Power Supply (Vpp, Vss, and EVgg)

Power is supplied to the MCU through Vpp and Vgg. Vpp is the power supply (+5 V £10%) and Vgg is
ground (0 V). EVgg, available on the 44-pin PLCC and QFP, is an additional ground pin.

1.6 Reset (RESET)

An active low bidirectional control signal, RESET, acts as an input to initialize the MCU to a known startup
state. It also acts as an open-drain output to indicate that an internal failure has been detected in either
the clock monitor or computer operating properly (COP) watchdog circuit. In addition, the state of this pin
is one of the factors governing the selection of BOOT mode.

1.7 Crystal Driver and External Clock Input (XTAL and EXTAL)

These two pins provide the interface for either a crystal or a CMOS compatible clock to control the internal
clock generator circuitry. The frequency applied to these pins is four times higher than the desired E-clock
rate. Refer to Figure 1-5 for crystal and clock connections.

1.8 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 XTAL and
EXTAL pins. The E clock can be turned off in single-chip mode for greater noise immunity if desired. See
4.3.6 Highest Priority | Interrupt and Miscellaneous Register (HPRIO) for details.

MC68HC711D3 Data Sheet, Rev. 2.1
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Interrupt Request (IRQ)
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* Values includes all stray capacitances.

Figure 1-5. Oscillator Connections

1.9 Interrupt Request (IRQ)

The IRQ input provides a means of applying asynchronous interrupt requests to the microcontroller unit
(MCU). Either negative edge-sensitive triggering or level-sensitive triggering is program selectable by
using the IRQE bit of the OPTION register. IRQ is always configured to level-sensitive triggering at reset.

While the programmable read-only memory (PROM) is being programmed, this pin provides the chip
enable (CE) signal. To prevent accidental programming of the PROM during reset, an external resistor is
required on IRQ to pull the pin to Vpp.
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1.10 Non-Maskable Interrupt/Programming Voltage (XIRQ/Vpp)

The XIRQ input provides the capability for asynchronously applying non-maskable interrupts to the MCU
after a power-on reset (POR). During reset, the X bit in the condition code register (CCR) is set masking
any interrupt until enabled by software. This level-sensitive input requires an external pullup resistor to
In the programming configuration of the bootstrap mode, this pin is used to supply one-time
programmable read-only memory (OTPROM) programming voltage, Vpp, to the MCU. To avoid

programming accidents during reset, this pin should be equal to Vpp during normal operation unless
XIRQ is active.

1.11 MODA and MODB (MODA/LIR and MODB/Vg1gy)

As reset transitions, these pins are used to latch the part into one of the four central processor unit (CPU)
controlled modes of operation. The LIR output can be used as an aid to debugging once reset is
completed. The open-drain LIR pin goes to an active low during the first E-clock cycle of each instruction
and remains low for the duration of that cycle. The Vgrgy input is used to retain random-access memory
(RAM) contents during power down.

1.12 Read/Write (R/W)

This pin performs either of two separate functions, depending on the operating mode.
* In single-chip and bootstrap modes, R/W functions as input/output port D bit 7. Refer to Chapter 5
Input/Output (1/0) Ports for further information.
* In expanded multiplexed and test modes, R/W performs a read/write function. R/W controls the
direction of transfers on the external data bus.

1.13 Port D Bit 6/Address Strobe (PD6/AS)

This pin performs either of two separate functions, depending on the operating mode.
* In single-chip and bootstrap modes, the pin functions as input/output port D bit 6.
¢ In the expanded multiplexed and test modes, it provides an address strobe (AS) function. AS is
used to demultiplex the address and data signals at port C.

Refer to Chapter 2 Operating Modes and Memory for further information.

1.14 Input/Output Lines (PA7-PAO0, PB7-PB0, PC7-PCO0, and PD7-PDO0)

In the 44-pin PLCC package, 32 input/output lines are arranged into four 8-bit ports: A, B, C, and D. The
lines of ports B, C, and D are fully bidirectional. Port A has two bidirectional, three input-only, and three
output-only lines in the 44-pin PLCC packaging. In the 40-pin DIP, two of the output-only lines are not
bonded.

Each of these four ports serves a purpose other than input/output (I/O), depending on the operating mode
or peripheral functions selected.

NOTE
Ports B, C, and two bits of port D are available for I/O functions only in
single-chip and bootstrap modes.

MC68HC711D3 Data Sheet, Rev. 2.1
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Input/Output Lines (PA7-PAO, PB7-PB0, PC7-PCO0, and PD7-PD0)

Refer to Table 1-1 for details about the functions of the 32 port signals within different operating modes.

Table 1-1. Port Signal Functions

Port/Bit Single-Chip Expandeq Multiplexed
and Bootstrap Mode and Special Test Mode

PAO PAO/IC3
PA1 PA1/IC2
PA2 PA2/ICA
PA3 PA3/OC5/IC4/and-or OC1

pa4(M PA4/0OC4/and-or OC1
PA5 PA5/0C3/and-or OC1

pPas( PA6/0OC2/and-or OC1
PA7 PA7/PAl/and-or OC1
PBO PBO A8
PB1 PB1 A9
PB2 PB2 A10
PB3 PB3 A1
PB4 PB4 A12
PB5 PB5 A13
PB6 PB6 Al4
PB7 PB7 A15
PCO PCO A0/DO
PC1 PC1 A1/D1
PC2 PC2 A2/D2
PC3 PC3 A3/D3
PC4 PC4 A4/D4
PC5 PC5 A5/D5
PC6 PC6 A6/D6
PC7 PC7 A7/D7
PDO PDO/RxD
PD1 PD1/TxD
PD2 PD2/MISO
PD3 PD3/MOSI
PD4 PD4/SCK
PD5 PD5/SS
PD6 PD6 AS
PD7 PD7 RW

1. In the 40-pin package, pins PA4 and PAG6 are not bonded. Their associated I/O and output
compare functions are not available externally. They can still be used as internal software
timers, however.
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Chapter 2
Operating Modes and Memory

2.1 Introduction

This section contains information about:
* The modes that define MC68HC711D3 operating conditions
* The on-chip memory that allows the microcontroller unit (MCU) to be configured for various
applications
* The 4-Kbytes of programmable read-only memory (PROM)

2.2 Operating Modes

The MC68HC711D3 uses two dedicated pins, MODA and MODB, to select one of two normal operating
modes or one of two special operating modes. A value reflecting the microcontroller unit (MCU) status or
mode selected is latched on bits SMOD and MDA of the highest priority I-bit interrupt and miscellaneous
register (HPRIO) on the rising edge of reset. The normal operating modes are the single-chip and
expanded-multiplexed modes. The special operating modes are the bootstrap and test modes. Table 2-1
shows mode selection according to the values encoded on the MODA and MODB pins, and the value
latched in the SMOD and MDA bits.

Table 2-1. Mode Selection

RESET | MODA | MODB Mode Selected SMOD | MDA
1 0 1 Normal — single chip 0 0
1 1 1 Normal — expanded multiplexed 0 1
1 0 0 Special — bootstrap (BOOT) 1 0
1 1 0 Special — test 1 1
0 0 0 Reserved X X

2.2.1 Single-Chip Mode

In single-chip mode, the MCU functions as a self-contained microcontroller and has no external address
or data bus. The 4-Kbyte erasable programmable read-only memory (EPROM) would contain all program
code and is located at $FO00—$FFFF. This mode provides maximum use of the pins for on-chip peripheral
functions, and all the address and data activity occurs within the MCU.

2.2.2 Expanded Multiplexed Mode

In the expanded-multiplexed mode, the MCU can address up to 64 Kbytes of address space. High-order
address bits are output on the port B pins. Low-order address bits and the bidirectional data bus are
multiplexed on port C. The AS pin provides the control output used in demultiplexing the low-order
address. The R/W pin is used to control the direction of data transfer on the port C bus.
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If this mode is entered out of reset, the EPROM is located at $7000-$7FFF and vector accesses are from
external memory. To be in expanded-multiplexed mode with EPROM located at $FO00-$FFFF, it is
necessary to start in single-chip mode, executing out of EPROM, and then set the MDA bit of the HPRIO
register to switch mode.

NOTE
R/W, AS, and the high-order address bus (port B) are inputs in single-chip
mode. These inputs may need to be pulled up so that off-chip accesses
cannot occur while the MCU is in single-chip mode.

2.2.3 Special Bootstrap Mode (BOOT)

This special mode is similar to single-chip mode. The resident bootloader program contains a 256-byte
program in a special on-chip read-only memory (ROM). The user downloads a small program into
on-board RAM using the SCI port. Program control is passed to RAM when an idle line of at least four
characters occurs. In this mode, all interrupt vectors are mapped to RAM (see Table 2-2), so that the user
can set up a jump table, if desired.

Bootstrap mode (BOOT) is entered out of reset if the voltage level on both MODA and MODB is low. The
programming aspect of bootstrap mode, used to program the one-time programmable ROM (OTPROM)
through the MCU, is entered automatically if IRQ is low and programming voltage is available on the Vpp
pin. IRQ should be pulled up while in reset with MODA and MODB configured for bootstrap mode to
prevent unintentional programming of the EPROM.

This versatile mode (BOOT) can be used for test and diagnostic functions on completed modules and for
programming the on-board PROM. The serial receive logic is initialized by software in the bootloader
ROM, which provides program control for the SCI baud rate and word format. Mode switching to other
modes can occur under program control by writing to the SMOD and MDA bits of the HPRIO register. Two
special bootloader functions allow either an immediate jump-to-RAM at memory address $0000 or an
immediate jump-to-EPROM at $F000.

Table 2-2. Bootstrap Mode Jump Vectors

Address Vector
00C4 SCI
0oc7 SPI
00CA Pulse accumulator input edge
00CD Pulse accumulator overflow
00DO Timer overflow
00D3 Timer output compare 5/input capture 4
00D6 Timer output compare 4
00D9 Timer output compare 3
0oDC Timer output compare 2
00DF Timer output compare 1
O0ES3 Timer input capture 3
00E5 Timer input capture 2
OOES8 Timer input capture 1
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Table 2-2. Bootstrap Mode Jump Vectors (Continued)

Address Vector

00EB Real-time interrupt
00EE IRQ
00F1 XIRQ
00F4 Swi
00F7 lllegal opcode
00FA CORP fail
00FD Clock monitor

BFOO (Boot) Reset

2.2.4 Special Test Mode

This special expanded mode is primarily intended or production testing. The user can access a number
of special test control bits in this mode. Reset and interrupt vectors are fetched externally from locations
$BFCO-$BFFF. A switch can be made from this mode to other modes under program control.

2.3 Memory Map

Figure 2-1 illustrates the memory map for both normal modes of operation (single-chip and
expanded-multiplexed), as well as for both special modes of operation (bootstrap and test).

* In the single-chip mode, the MCU does not generate external addresses. The internal memory
locations are shown in the shaded areas, and the contents of these shaded areas are explained
on the right side of the diagram.

* In expanded-multiplexed mode, the memory locations are basically the same as in the single-chip
mode except that the memory locations between shaded areas are for externally addressed
memory and /0.

* The special bootstrap mode is similar to the single-chip mode, except that the bootstrap program
ROM is located at memory locations $BF00-$BFFF, vectors included.

e The special test mode is similar to the expanded-multiplexed mode except the interrupt vectors are
at external memory locations.

2.3.1 Control and Status Registers

Figure 2-2 is a representation of all 64 bytes of control and status registers, I/0 and data registers, and
reserved locations that make up the internal register block. This block may be mapped to any

4-K boundary in memory, but reset locates it at $0000-$003F. This mappability factor and the default
starting addresses are indicated by the use of a bold 0 as the starting character of a register’'s address.
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$0000 — - - $0000 | INTERNAL REGISTERS AND 1/0
$1000 ——— —— (MAY BE MAPPED TO ANY 4-K BOUNDARY
$003F | USING INIT REGISTER)
$2000 - _ L _
50040 | 192 BYTES STATIC RAM
$3000 - — - — (MAY BE MAPPED TO ANY 4-K BOUNDARY
$4000 | | L | $00FF | USING THE INIT REGISTER)
$5000 - — — — $7000 | 4 KBYTES PROM (ROM)
$6000 | | L | PRESENT AT RESET AND MAY BE DISABLED BY
$7FFF |EPON (ROM ON) BIT IN CONFIG REGISTER.
$7000 — — — — / INTERRUPT VECTORS ARE EXTERNAL.
$8000 — — —= —
EXTERNAL
$9000 — — — —
EXTERNAL
$A000 — — — —
$B000 - — - —
$C000 — — —— R $BF00 | 2968115 | $BFCO 1 speciaL mopEs
$D000 — — — — - INTERRUPT
$E000 - - s — | sBrFr | VECTORS
$F000 — ——
y $BFO0 | 4KBYTES | SBFCO | yopyl wopEs
SFFFF — PROM (ROM) INTERRUPT
SINGLE EXPANDED  SPECIAL SPECIAL X $BFFF VECTORS
CHIP MULTIPLEXED BOOTSTRAP TEST —— | SBFFF
MODB | MODA Mode Selected
1 0 Single-chip (mode 0)
1 1 Expanded multiplexed (mode 1)
0 0 Special bootstrap
0 1 Special test

Figure 2-1. MC68HC711D3 Memory Map

MC68HC711D3 Data Sheet, Rev. 2.1

24 Freescale Semiconductor



Addr.

$0000

$0001

$0002

$0003

$0004

$0005

$0006

$0007

$0008

$0009

$000A

$000B

$000C

$000D

Register Name

Port A Data Register ead:
(PORTA)  Write:

See page 61. Reset:

Reserved

Port C Control Register 1ead:
(PIOC)  Write:

Seepage 63. Reget:
Port C Data Register Read:
(PORTC)  Write:

See page 63. Reset:
Port B Data Register Read:
(PORTB)  Write:

See page 62. Reset:

Reserved

Data Direction Register 1ead:
for Port B (DDRB)  Write:

See page 62, Regey;

Data Direction Register 16ad:
for Port C (DDRC) ~ Wiite:
See page 3. peger;

Port D Data Register ead:
(PORTD)  Write:

See page 64 Regey;

Data Direction Register 16ad:
for Port D (DDRD)  Write:

See page 64. Rogat:

Reserved

Timer Compare Force Register Read:
(CFORC)  Write:

Ses page 93. Reset:

Output Compare 1 Mask Register Read:
(OC1IM)  Write:

See page 93. Reset:

Output Compare 1 Data Register 634"
(OC1D)  Write:

See page 94. Roqat:

Freescale Semiconductor

Memory Map

Bit7 6 5 4 3 2 1 Bit 0
PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Hi-Z 0 Hi-Z Hi-Z Hi-Z Hi-Z
| R R R | R | R | B R R
0 0 CwWOoMm 0 0 0 0 0
0 0 0 0 0 0 0 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Reset configures pins as Hi-Z inputs
PB7 PB6 PB5 PB4 PB3 BP2 BP1 PBO
Reset configures pins as Hi-Z inputs
| R R R | R | R | B R R
DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO
0 0 0 0 0 0 0 0
DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO
0 0 0 0 0 0 0 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 0 0 0 0 0
DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO
0 0 0 0
| R R R | R | R | R R R |
FOCA1 FOC2 FOC3 FOC4 FOC5 0 0 0
0 0 0 0 0 0 0 0
OCiM7 | OCiM6 | OCIM5 | OCiM4 | OC1M3 0 0 0
0 0 0 0 0 0 0 0
0C1D7 0C1D6 0C1D5 0C1D4 0C1D3 0 0 0
0 0 0 0 0 0 0 0

I:l = Unimplemented

‘Il = Reserved

Figure 2-2. Register and Control Bit Assignments (Sheet 1 of 5)
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Addr.

$000E

$000F

$0010

$0011

$0012

$0013

$0014

$0015

$0016

$0017

$0018

$0019

26

Register Name

Timer Counter Register High
(TCNT)
See page 94.

Timer Counter Register Low
(TCNT)
See page %4.

Timer Input Capture Register 1
High (TIC1)
See page 89.

Timer Input Capture Register 1
Low (TIC1)
See page 89.

Timer Input Capture Register 2
High (TIC2)
See page 89.

Timer Input Capture Register 2
Low (TIC2)
See page 89.

Timer Input Capture Register 3
High (TIC3)
See page 89.

Timer Input Capture Register 3
Low (TIC3)
See page 89.

Timer Output Compare Register 1

High (TOC1)
See page 92.

Timer Output Compare Register 1

Low (TOC1)
See page 92.

Timer Output Compare Register 2

High (TOC2)
See page 92.

Timer Output Compare Register 2

Low (TOC2)
See page 92.

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

Reset:

Bit7 6 5 4 3 2 1 Bit 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Unaffected by reset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Unaffected by reset
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Unaffected by reset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Unaffected by reset
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Unaffected by reset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Unaffected by reset
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 15
1 1 1 1 1 1 1 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 1 1 1 1 1 1
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
1 1 1 1 1 1 1 1
Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

l:' = Unimplemented

III = Reserved

Figure 2-2. Register and Control Bit Assignments (Sheet 2 of 5)
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Addr.

$001A

$001B

$001C

$001D

$001E

$001F

$0020

$0021

$0022

$0023

$0024

$0025

Memory Map

Register Name Bit 7 6 5 4 3 2 1 Bit0
Timer Output Compare Register 3 Read: ) ) ) ) ) . ) .
High (TOC3) ) Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
Write:
See page 92.
Reset: 1 1 1 1 1 1 1 1
Timer Output Compare Register 3 Read: . ) ) ) ) ) , )
Low (TOC3) it Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
rite:
See page 92.
Reset: 1 1 1 1 1 1 1 1
Timer Output Compare Register 4 Read: ) ) ) ) ) , ) ,
High (TOC4) ) Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
See page 92.
Reset: 1 1 1 1 1 1 1 1
Timer Output Compare Register 4 Read: . ) ) ) ) ) , )
Low (TOC4) Write: Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
See page 92. '
Reset: 1 1 1 1 1 1 1 1
Timer Input Capture 4/ Read:| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Output Compare 5 Register High  y/iso.
(T14/05)
See page 90. Reset: 1 1 1 1 1 1 1 1
Timer Input Capture 4/ Read: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Output Compare 5 Register Low Write:
(T14/05)
See page 90. Reset: 1 1 1 1 1 1 1 1
. ; Read:
Timer Control 1 Register "™ gy oL2 OM3 oL3 OM4 oL4 OM5 oL5
(TCTL1)  Write:
Seepage 95. pocet 0 0 0 0 0 0 0
. . Read:
Timer Control Register2 ™™ | epg4p | EDG4A | EDGIB | EDGIA | EDG2B | EDGPA | EDG3B | EDG3A
(TCTL2) Write:
Seepage89. peger 0 0 0 0 0 0 0
. ; Read:
Timer Interrupt Mask 1 Register "™ ao4; | oc2l | ocal oc4l | 14/05l Ic1l ical Ic3l
(TMSK1)  Write:
Seepage 95. pocet 0 0 0 0 0 0 0
) ; Read:
Timer Interrupt Flag 1 Register ™| " oc4F | OC2F | OC3F | OC4F | 14OSF | ICIF | IC2F | IC3F
(TFLG1)  Write:
Seepage 9. peger 0 0 0 0 0 0 0
. : Read:
Timer Interrupt Mask 2 Register . TOl RTII PAOVI PAIl 0 0 PR1 PRO
(TMSK2)  Write:
Seepage 9. peget 0 0 0 0 0 0 0
Timer Interrupt Flag 2 Register Read:
ptriag 9 ) TOF RTIF PAOVF PAIF 0 0 0 0
(TFLG2) Write:
Seepage 97. et 0 0 0 0 0 0 0

l:' = Unimplemented III = Reserved U = Unaffected

Figure 2-2. Register and Control Bit Assignments (Sheet 3 of 5)
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit0
Read:
Pulse Accumulator Control ™™ pppa7 | PAEN | PAMOD | PEDGE | DDRA3 | 14/05 | RTR1 | RTRO
$0026 Register (PACTL)  Write:
See pages 99 and 102. Reset: 0 0 0 0 0 0 0 0
: Read:
Pulse Accumulator Count Register Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
$0027 (PACNT)  Write:
See page 103. Reset: Unaffected by reset
" Read:
SPI Control Register ™| gp|g SPE | DWOM | MSTR | CPOL | CPHA | SPR1 | SPRO
$0028 (SPCR)  Write:
Seepage 81. Reser: o 0 0 0 0 1 u u
SPI Staus Register "% gpe |y | MODF | 0 0 0 0
$0029 (SPSR)  Write:
Seepage 82. poger: 0 0 0 0 0 0 0 0
" Read:
SPI Data l/O Register ™ Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$002A (SPDR)  Write:
See page 83. Ragqt. Unaffected by reset
: Read:
Baud Rate Register "™ | - 10 0 SCP1 | SCPO | RCKB | SCR2 | SCR1 | SCRO
$002B (BAUD)  Write:
Seepage’2. peget: 0 0 0 0 0 u u u
SCI Control Register 1 Read: RS T8 0 M WAKE 0 0 0
$002C (SCCR1)  Write:
Seepage 70. Reger: U u 0 0 0 0 0 0
SCI Control Register2  Read:
g _ TIE TCIE RIE ILIE TE RE RWU SBK
$002D (SCCR2)  Write:
Seepage 70. poger: 0 0 0 0 0 0 0 0
SCI Status Register Read:
(SCSR) .| TDRE TC RDRF | IDLE OR NF FE 0
$002E Write:
See page 71.
Reset: 1 1 0 0 0 0 0 0
SCI Data Register €ad:
9 , R7/T7 R6/T6 R5/T5 R4/T4 R3/T3 R2/T2 R1/T1 RO/TO
$002F (SCDR)  Write:
See page 69. Ragqt. Unaffected by reset
$0030
l Reserved R R R R R R R R
$0038
) . . Read:
System Conflguratlon Optlons 0 0 IRQE DLY CME 0 CR1 CRO
$0039 Register (OPTION)  Write:
Seepage 49. poger: 0 0 0 1 0 0 0 0

S = Unimplemented IIl = Reserved U = Unaffected

Figure 2-2. Register and Control Bit Assignments (Sheet 4 of 5)

MC68HC711D3 Data Sheet, Rev. 2.1

28 Freescale Semiconductor



Memory Map

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
: . Read:
Arm/Reset COP Timer Circuitry ™™ Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bit0
$003A Register (COPRST)  Write:
Seepage 48. peger: 0 0 0 0 0 0 0 0
. Read:
PROM Programming Control - *™* MBE 0 ELAT | EXCOL | EXROW 0 0 PGM
$003B Register (PPROG) Write:
Seepage 32. peger: 0 0 0 0 0 0 0 0
. . . Read: SMOD
Highest Priority |-Bit Inferruptand "™ - ggooT MDA | IRVNE | PSEL3 | PSEL2 | PSEL1 | PSELO
$003C  Miscellaneous Register (HPRIO)  Write:
See page 58. Raget: Note 1 0 1 0 1

1. The values of the RBOOT, SMOD, IRVNE, and MDA bits at reset depend on the mode during initialization. Refer to
Table 4-3. Hardware Mode Select Summary.

- . Read:
RAM and I/O Mapping Register "™™ | gap3 | RaM2 | RAMi | RAMO | REG3 | REG2 | REGT REGO

$003D (INIT)  Write:
See page 29. Reggt: 0 0 0 0 0 0 0 1
Readl o | o occ4 | CBYP | DISR | FCM | FCOP 0

Test 1 Register -~

$003E (TEST) Write:
Reset: 0 0 0 0 0 0 0 0

' , . Read:
System Configuration Register 0 0 0 0 0 NOCOP | ROMON 0

$003F (CONFIG) Write:
See page 30. Reggt: 0 0 0 0 0 U U 0

I:I = Unimplemented IIl = Reserved U = Unaffected

Figure 2-2. Register and Control Bit Assignments (Sheet 5 of 5)

2.3.2 RAM and I/O Mapping Register

The random-access memory (RAM) and input/output (I/O) mapping register (INIT) is a special-purpose
8-bit register that is used during initialization to change the default locations of RAM and control registers
within the MCU memory map. It can be written to only once within the first 64 E-clock cycles after a reset
in normal modes. Thereafter, it becomes a read-only register.

Address:  $003D

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wi RAM3 RAM2 RAM1 RAMO REG3 REG2 REG1 REGO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 2-3. RAM and I/0 Mapping Register (INIT)
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RAM2-RAMO (INIT bits 7—4) specify the starting address for the 192 bytes of static RAM. REG3-REGO0
(INIT bits 3—0) specify the starting address for the control and status register block. In each case, the four
RAM or REG bits become the four upper bits of the 16-bit address of the RAM or register. Since the INIT
register is set to $00 by reset, the internal registers begin at $0000 and RAM begins at $0040.

Throughout this document, control and status register addresses are displayed with the high-order digit
shown as a bold 0. This convention indicates that the register block may be relocated to any 4-K memory
page, but that its default location is $0000.

RAM and the control and status registers can be relocated independently. If the control and status
registers are relocated in such a way as to conflict with PROM, then the register block takes priority, and
the EPROM or OTPROM at those locations becomes inaccessible. No harmful conflicts result. Lower
priority resources simply become inaccessible. Similarly, if an internal resource conflicts with an external
device, no harmful conflict results, since data from the external device is not applied to the internal data
bus. Thus, it cannot interfere with the internal read.

NOTE
There are unused register locations in the 64-byte control and status
register block. Reads of these unused registers return data from the
undriven internal data bus, not from another source that happens to be
located at the same address.

2.3.3 Configuration Control Register

The configuration control register (CONFIG) controls the presence of OTPROM or EPROM in the memory
map and enables the computer operating properly (COP) watchdog system.

This register is writable only once in expanded and single-chip modes (SMOD = 0). In these mode, the
COP watchdog timer is enabled out of reset. In all modes, except normal expanded, EPROM is enabled
and located at $F000—$FFFF. In normal expanded mode, EPROM is enabled and located at
$7000-$7FFF. Should the user wish to be in expanded mode, but with EPROM mapped at
$FO000-$FFFF, he must reset in single-chip mode, and write a 1 to the MDA bit in the HPRIO register.

Address: $003F

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. 0 0 0 0 0 NOCOP ROMON 0
Write:
Reset: 0 0 0 0 0 U U 0
U = Unaffected

Figure 2-4. Configuration Control Register (CONFIG)

Bits 7-3 and 0 — Not implemented
Always read 0.

NOCOP — Computer Operating Properly System Disable Bit
This bit is cleared out of reset in normal modes (single chip and expanded), enabling the COP system.
It is writable only once after reset in these modes (SMOD = 0). In the special modes (test and
bootstrap) (SMOD = 1), this bit comes out of reset set, and is writable any time.
1 = COP system is disabled.
0 = COP system is enabled, reset forced on timeout.

MC68HC711D3 Data Sheet, Rev. 2.1
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ROMON — PROM Enable Bit
This bit is set out of reset, enabling the EPROM or OTPROM in all modes. This bit is writable once in
normal modes (SMOD = 0), but is writable at any time in special modes (SMOD = 1).
1 = PROM is present in the memory map.
0 = PROM is disabled from the memory map.

NOTE
In expanded mode out of reset, the EPROM or OTPROM is located at
$7000-$7FFF. In all other modes, the PROM resides at $FO00-$FFFF.

2.4 Programmable Read-Only Memory (PROM)

The MC68HC711D3 has 4-Kbytes of one-time programmable read-only memory (OTPROM). The PROM
address is $FO00—$FFFF in all modes except expanded multiplexed. In expanded- multiplexed mode, the
PROM is located at $7000—-$7FFF after reset.

The on-chip read-only memory (ROM) of an MC68HC711D3 is programmed in MCU mode. In this mode,
the PROM is programmed through the MCU in the bootstrap or test modes. The erased state of a PROM
byte is $FF.

Using the on-chip OTPROM programming feature requires an external 12-volt nominal power supply
(Vpp). Normal programming is accomplished using the OTPROM programming register (PPROG).

As described in the following subsections, these two methods of programming and verifying EPROM are
possible:

1. Programming an individual EPROM address

2. Programming the EPROM with downloaded data

2.4.1 Programming an Individual EPROM Address

In this method, the MCU programs its own EPROM by controlling the PPROG register. Use these
procedures to program the EPROM through the MCU with:

e  The ROMON bit set in the CONFIG register

e The 12-volt nominal programming voltage present on the XIRQ/Vpp pin

e The IRQ pin must be pulled high.

EPROG LDAB #3520

STAB $003B Set ELAT bit (PGM = 0) to enable
EPROM latches.

STAA $S0,X Store data to EPROM address

LDAB #3521

STAB S003B Set PGM bit with ELAT = 1 to enable
EPROM programming voltage

JSR DLYEP Delay 2-4 ms

CLR $003B Turn off programming voltage and set
to READ mode

MC68HC711D3 Data Sheet, Rev. 2.1
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2.4.2 Programming the EPROM with Downloaded Data

When using this method, the EPROM is programmed by software while in the special test or bootstrap
modes. User-developed software can be uploaded through the SCI or a ROM-resident EPROM
programming utility can be used. The 12-volt nominal programming voltage must be present on the
XIRQ/Vpp pin. To use the resident utility, bootload a 3-byte program consisting of a single jump instruction
to $BF00. $BFOO is the starting address of a resident EPROM programming utility. The utility program
sets the X and Y index registers to default values, then receives programming data from an external host,
and puts it in EPROM. The value in IX determines programming delay time. The value in 1Y is a pointer
to the first address in EPROM to be programmed (default = $F000).

When the utility program is ready to receive programming data, it sends the host the $FF character. Then
it waits. When the host sees the $FF character, the EPROM programming data is sent, starting with the
first location in the EPROM array. After the last byte to be programmed is sent and the corresponding
verification data is returned, the programming operation is terminated by resetting the MCU.

2.4.3 PROM Programming Control Register

The PROM programming control register (PPROG) is used to control the programming of the OTPROM
or EPROM. PPROG is cleared on reset so that the PROM is configured for normal read.

Address: $003B

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. MBE 0 ELAT EXCOL EXROW 0 0 PGM
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 2-5. PROM Programming Control Register (PPROG)

MBE — Multiple Byte Program Enable Bit
This bit is reserved for testing.

Bit 6, 2, and 1 — Not implemented
Always read 0.

ELAT — EPROM (OTPROM) Latch Control Bit
1 = PROM address and data bus are configured for programming. Writes to PROM cause address
and data to be latched. The PROM cannot be read.
0 = PROM address and data bus are configured for normal reads. PROM cannot be programmed.

EXCOL — Select Extra Columns Bit
This bit is reserved for testing.

EXROW — Select Extra Row Bit
This bit is reserved for testing.

PGM — EPROM (OTPROM) Program Command Bit
This bit may be written only when ELAT = 1.
1 = Programming power is switched on to PROM array.
0 = Programming power is switched off.
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Chapter 3

Central Processor Unit (CPU)

3.1 Introduction

This section presents information on M68HC11 central processor unit (CPU):

e Architecture
e Data types

e Addressing modes

¢ Instruction set

* Special operations such as subroutine calls and interrupts

The CPU is designed to treat all peripheral, input/output (I/O), and memory locations identically as
addresses in the 64-Kbyte memory map. This is referred to as memory-mapped I/O. 1/0 has no

instructions separate from those used by memory. This architecture also allows accessing an operand
from an external memory location with no execution time penalty.

3.2 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 paragraphs, are shown in Figure 3-1.

7 ACCUMULATOR A 07 ACCUMULATOR B 0
15 DOUBLE ACCUMULATOR D 0
[15 INDEX REGISTER X 0]
[15 INDEX REGISTER Y 0]
[15 STACK POINTER 0]
[15 PROGRAM COUNTER 0]

CONDITION CODE REGISTER | 73 X H I Nz Vv c |

Freescale Semiconductor

=

Figure 3-1. Programming Model
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Central Processor Unit (CPU)

3.2.1 Accumulators A, B, and D

Accumulators A and B are general-purpose 8-bit registers that hold operands and results of arithmetic
calculations or data manipulations. For some instructions, these two accumulators are treated as a single
double-byte (16-bit) accumulator called accumulator D. Although most instructions can use accumulators
A or B interchangeably, these exceptions apply:
e The ABX and ABY instructions add the contents of 8-bit accumulator B to the contents of 16-bit
register 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 decimal (BCD)
arithmetic operations, but there is no equivalent BCD instruction to adjust accumulator B.
e 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.

3.2.2 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.

3.2.3 Index Register Y (IY)

The 16-bit 1Y register performs an indexed mode function similar to that of the I1X register. 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 implemented. Refer to 3.4 Opcodes and Operands for further
information.

3.2.4 Stack Pointer (SP)

The M68HC11 CPU has an automatic program stack. This stack can be located anywhere 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 application 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.

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.
Execution then continues at this recovered return address.

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 registers are pushed onto the stack,
and execution continues at the address specified by the vector for the interrupt.
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JSR, JUMP TO SUBROUTINE

MAIN PROGRAM
PC $9D = JSR
DIRECT dd
RTN| NEXT MAIN INSTR
MAIN PROGRAM
PC $AD = JSR
INDXD,X ff
RTN | NEXT MAIN INSTR
MAIN PROGRAM
PC $18 = PRE
INDXD,Y < $AD;JSR
RTN | NEXT MAIN INSTR
MAIN PROGRAM
PC $BD = JSR
EXTEND < ﬁr
RTN| NEXT MAIN INSTR

BSR, BRANCH TO SUBROUTINE
MAIN PROGRAM

PC $8D = BSR

m

RTN| NEXT MAIN INSTR

RTS, RETURN FROM SUBROUTINE
SUBROUTINE

PC $39 =RTS

SWI, SOFTWARE INTERRUPT
MAIN PROGRAM

PC $3F = SWI

RTN

WAI, WAIT FOR INTERRUPT
MAIN PROGRAM
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SP-7
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RTI, RETURN FROM INTERRUPT

INTERRUPT PROGRAM STACK
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SP+4 |INDEX REGISTER (Xy)
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[ ]
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PC $7E = IMP
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[ ]
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L hh I | NEXT INSTRUCTION
LEGEND:
RTN Address of next instruction in main program to be
executed upon return from subroutine
RTNy Most significant byte of return address
RTN_ Least significant byte of return address
|:| Shaded cells show stack pointer position after
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.

1
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
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Central Processor Unit (CPU)

At the end of the interrupt service routine, a return-from interrupt (RTI) 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.

Certain instructions push and pull the A and B accumulators and the X and Y index registers and 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.

3.2.5 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.

See Table 3-1.
Table 3-1. Reset Vector Comparison
Mode POR or RESET Pin Clock Monitor COP Watchdog
Normal $FFFE, $FFFF $FFFC, $FFFD $FFFA, $FFFB
Test or boot $BFFE, $BFFF $BFFC, $FFFD $BFFA, $FFFB

3.2.6 Condition Code Register (CCR)

This 8-bit register contains:
¢ Five condition code indicators (C, V, Z, N, and H)
e Two interrupt masking bits (IRQ and XIRQ)
¢ One stop disable bit (S)

Inthe M68HC11 CPU, condition codes are updated automatically 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.

3.2.6.1 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 operations. Shift and rotate instructions operate
with and through the carry bit to facilitate multiple-word shift operations.

3.2.6.2 Overflow (V)

The overflow bit is set if an operation causes an arithmetic overflow. Otherwise, the V bit is cleared.

3.2.6.3 Zero (2)

The Z bit is set if the result of an arithmetic, logic, or data manipulation operation is 0. Otherwise, the Z
bit is cleared. Compare instructions do an internal implied subtraction 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.
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3.2.6.4 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 1. 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.

3.2.6.5 I-Interrupt Mask (1)

The interrupt request (IRQ) mask (I bit) is a global mask that disables all maskable interrupt sources.
While the I 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 be cleared only 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 I bit is O after a return from interrupt is executed. Although the | bit can be cleared within an
interrupt service routine, "nesting" interrupts in this way should be done only when there is a clear
understanding of latency and of the arbitration mechanism. Refer to Chapter 4 Resets, Interrupts, and
Low-Power Modes.

3.2.6.6 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.

3.2.6.7 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 interrupt vector is fetched. After the interrupt has been serviced,
an RTl 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 associated bit of A is 0; 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.

3.2.6.8 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 STOP instruction is encountered by the CPU 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 is disabled by default.

3.3 Data Types

The M68HC11 CPU supports four data types:
1. Bitdata
2. 8-bit and 16-bit signed and unsigned integers
3. 16-bit unsigned fractions
4. 16-bit addresses
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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. Because the M68HC11 is an 8-bit CPU,
there are no special requirements for alignment of instructions or operands.

3.4 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 4-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.

3.5 Addressing Modes

Six addressing modes can be used to access memory:
1. Immediate

2. Direct

3. Extended
4. Indexed
5. Inherent
6. 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
instruction, or it can be calculated.

3.5.1 Immediate

In the immediate addressing mode, an argument is contained in the byte(s) immediately following the
opcode. The number of bytes following the opcode matches the size of the register or memory location
being operated on. There are 2-, 3-, and 4- (if prebyte is required) byte immediate instructions. The
effective address is the address of the byte following the instruction.

3.5.2 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 assumed to be $00. Addresses $00-$FF
are thus accessed directly, using 2-byte instructions. 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 reserved for frequently referenced data. In M68BHC11 MCUSs, the memory map can be
configured for combinations of internal registers, RAM, or external memory to occupy these addresses.
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3.5.3 Extended

In the extended addressing mode, the effective address of the argument is contained in two bytes
following the opcode byte. These are 3-byte instructions (or 4-byte instructions if a prebyte is required).
One or two bytes are needed for the opcode and two for the effective address.

3.5.4 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 IY). The sum is the effective address. This addressing mode allows
referencing any memory location in the 64-Kbyte address space. These are 2- to 5-byte instructions,
depending on whether a prebyte is required.

3.5.5 Inherent

In the inherent addressing mode, all the information necessary to execute the instruction is contained in
the opcode. Operations that use only the index registers or accumulators, as well as control instructions
with no arguments, are included in this addressing mode. These are 1- or 2-byte instructions.

3.5.6 Relative

The relative addressing mode is used only for branch instructions. If the branch condition 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 proceeds to the next instruction. These are usually 2-byte
instructions.

3.6 Instruction Set

Refer to Table 3-2, which shows all the M68HC11 instructions in all possible addressing modes. For each
instruction, the table shows the operand construction, the number of machine code bytes, and execution
time in CPU E-clock cycles.

Table 3-2. Instruction Set (Sheet 1 of 8)

i i L Addressing Instruction Condition Codes
Mnemonic Operation Description
Mode Opcode | Operand | Cycles | S | X | H | 1 N | z | v | [
ABA Add A+B=A INH 1B — 2 - — A -
Accumulators
ABX Add B to X IX+(00:B) = IX INH 3A — 3 _  —_ = == = = -
ABY AddBtoY IY +(00:B) = IY INH 18 3A — 4 e
ADCA (opr) | Add with Carry A+M+C=A A IMM 89 |ii 2 - — A — | A A A A
to A A DIR 99 |ad 3
A EXT B9 |hh 11 4
A IND,X A9 | ff 4
A IND,Y 18 A9 |ff 5
ADCB (opr) | Add with Carry B+M+C=B B IMM C9 |ii 2 - — A — | A A A A
toB B DIR D9 |ad 3
B EXT F9 |hh 11 4
B IND,X E9 |ff 4
B IND,Y 18 E9 |ff 5
ADDA (opr) | Add Memory to A+M=A A IMM 8B |ii 2 — — A — | A A A A
A A DIR 9B |dd 3
A EXT BB |hh 11 4
A IND,X AB |ff 4
A IND,Y 18 AB |ff 5
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Table 3-2. Instruction Set (Sheet 2 of 8)

i i e Addressing Instruction Condition Codes
Mnemonic Operation Description
Mode Opcode | Operand | Cycles | S | X | H I 1 N | z I v I Cc
ADDB (opr) | Add Memory to B+M=B B IMM CB |ii 2 —_ - A — A A A A
B B DIR DB |dd 3
B EXT FB |hh 11 4
B IND,X EB |ff 4
B IND,Y 18 EB |ff 5
ADDD (opr) |Add 16-BittoD| D+(M:M+1)=D IMM C3 |jj kk 4 - - — — | A A A A
DIR D3 |ad 5
EXT F3 |hh 11 6
IND,X E3 |ff 6
IND,Y 18 E3 |ff 7
ANDA (opr) AND A with AeM=A A IMM 84 |ii 2 - — — — | A A 0o —
Memory A DIR 94 |dd 3
A EXT B4 |hh 11 4
A IND,X A4 | ff 4
A IND,Y 18 A4 | ff 5
ANDB (opr) AND B with BeM=B B IMM C4 |ii 2 - - — — | A A 0o —
Memory B DIR D4 |dd 3
B EXT F4 |hh 11 4
B IND,X E4 |ff 4
B IND,Y 18 E4 |ff 5
ASL (opr) Arithmetic Shift EXT 78 |hh 11 6 - = = = A A A A
Left -~ 0 IND,X 68 |ff 6
C b7 b0 IND,Y 18 68 |ff 7
ASLA Arithmetic Shift A INH 48 — 2 - — — — | A A A A
Left A O [IIIT=0
C b7 b0
ASLB Arithmetic Shift B INH 58 — 2 - - — — | A A A A
Left B O=-{IITITTT=0
Cc b7 bo
ASLD Arithmetic Shift INH 05 — 3 - — — — | A A A A
Left D O=CIL [T~ 1= 0
C b7 A b0 b7 B b0
ASR Arithmetic Shift EXT 77 |hh 11 6 - — — — | A A A A
Right [t IND,X 67 |ff 6
b7 b0 C IND,Y 18 67 |ff 7
ASRA Arithmetic Shift A INH 47 — 2 - — — — | A A A A
Right A o
b7 b0 C
ASRB Arithmetic Shift B INH 57 — 2 - — — — | A A A A
Right B oo
b7 b0 C
BCC (rel) Branch if Carry ?C=0 REL 24 |rr 3 _- = = == = = =
Clear
BCLR (opr) Clear Bit(s) Me (mm) =M DIR 15 |dd mm 6 — — — — ]l A A 0 —
(msk) IND,X 1D |ff mm 7
IND,Y 18 1D |ff mm 8
BCS (rel) Branch if Carry ?2C=1 REL 25 |rr 3 _ = = == = = =
Set
BEQ (rel) Branch if = Zero ?2Z=1 REL 27 |rr 3 - = = == = = =
BGE (rel) Branch if A Zero ?NeV=0 REL 2C |rr 3 - = = == = = =
BGT (rel) Branchif>Zero| ?Z+(N@®V)=0 REL 2E |rr 3 - = = == = = =
BHI (rel) Branch if ?2C+Z=0 REL 22 |rr 3 - = = == = = =
Higher
BHS (rel) Branch if ?C=0 REL 24 |rr 3 - = = == = = =
Higher or Same
BITA (opr) Bit(s) Test A AeM A IMM 85 |ii 2 - - — — | A A 0o —
with Memory A DIR 95 |dad 3
A EXT B5 |hh 11 4
A IND,X A5 |ff 4
A IND,Y 18 A5 | ff 5

MC68HC711D3 Data Sheet, Rev. 2.1

40 Freescale Semiconductor



Instruction Set

Table 3-2. Instruction Set (Sheet 3 of 8)

i i . Addressing Instruction Condition Codes
Mnemonic Operation Description
Mode Opcode | Operand | Cycles | S | X | H I 1 N | z I V]cC
BITB (opr) Bit(s) Test B BeM B IMM C5 |ii 2 - — — — | A A 0o —
with Memory B DIR D5 |ad 3
B EXT F5 |hh 11 4
B IND,X E5 |ff 4
B IND,Y 18 E5 |ff 5
BLE (rel) BranchifAZero| ?Z+(N®V)=1 REL 2F |rr 3 - - = = = = = =
BLO (rel) Branch if Lower ?2C=1 REL 25 |rr 3 —_ = = = = = = =
BLS (rel) Branch if Lower ?2C+2Z=1 REL 23 |rr 3 - = = - = = = =
or Same
BLT (rel) Branch if < Zero ?NoV=1 REL 2D |rr 3 - = = == = = =
BMI (rel) Branch if Minus ?N=1 REL 2B |rr 3 - = = == = = =
BNE (rel) Branch if not = ?7Z=0 REL 26 |rr 3 - = = == = - -
Zero
BPL (rel) Branch if Plus ?N=0 REL 2A  |rr 3 - - = = = = = =
BRA (rel) Branch Always ?21=1 REL 20 |rr 3 _- = = = = = = =
BRCLR(opr) Branch if ?Memm=0 DIR 13 |dd mm 6 _- = = == - - -
(msk) Bit(s) Clear IND,X 1F  |rr 7
(rel) IND,Y 18 1F |[ff mm 8
rr
ff mm
rr
BRN (rel) Branch Never ?1=0 REL 21 |rr 3 - = = == = = =
BRSET (opr) Branch if Bit(s) ?2(M)emm=0 DIR 12 |dd mm 6 - = = == = = =
(msk) Set IND,X 1E |rr 7
(rel) IND,Y 18 1E |[ff mm 8
rr
ff mm
rr
BSET (opr) Set Bit(s) M+mm=M DIR 14 |dd mm 6 _- = = = A A 0 —
(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 - = = == = = =
Subroutine
BVC (rel) Branch if ?V=0 REL 28 |rr 3 - = - == = - =
Overflow Clear
BVS (rel) Branch if ?2v=1 REL 29 |rr 3 _- = = = = = = =
Overflow Set
CBA Compare Ato B A-B INH 11 — 2 - — — — | A A A A
CLC Clear Carry Bit 0=C INH oC — 2 - = = == = = 0
CLI Clear Interrupt 0=1 INH OE — 2 - - = 0 _ = = =
Mask
CLR (opr) Clear Memory 0=M EXT 7F |hh 11 6 - = = = 0 1 0 0
Byte IND,X 6F |ff 6
IND,Y 18 6F |ff 7
CLRA Clear 0=A A INH 4F — 2 - — — —1]0 1 0 0
Accumulator A
CLRB Clear 0=>B B INH 5F — 2 - - — —]0 1 0 0
Accumulator B
CLV Clear Overflow 0=V INH 0A — 2 - = = =] = = 0 —
Flag
CMPA (opr) Compare A to A-M A IMM 81 ii 2 _- = = = A A A A
Memory A DIR 91 dd 3
A EXT B1 |hh 11 4
A IND,X A1l | ff 4
A IND,Y 18 Al | ff 5
CMPB (opr) Compare B to B-M B IMM C1 |ii 2 _- = = = A A A A
Memory B DIR D1 |dd 3
B EXT F1 |hh 11 4
B IND,X 