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2.1.8 A/D Converter Reference Voltages (Vg., Vrn)

These two inputs provide the reference voltages for the analog-to-digital converter cir-
cuitry.

2.1.9 Strobe B and Read/Write (STRB/R/W)

This signal acts as a strobe B output or as a data bus direction indicator depending on
the operating mode.

In single-chip operating mode, the STRB output acts as a programmable strobe for
handshake with other parallel I/O devices. Refer to 4 PARALLEL /O for additional in-
formation.

In expanded multiplexed operating mode, R/W is used to control the direction of trans-
fers on the external data bus. A low on the R/W signal indicates data is being written
to the external data bus. A high on this signal indicates that a read cycle is in progress.
R/W will stay low during consecutive data bus write cycles, such as in a double-byte
store. The NAND of inverted R/W with the E clock should be used as the write enable
signal for an external static RAM.

2.1.10 Strobe A and Address Strobe (STRA/AS)

This signal acts as an edge detecting strobe A input or as an address strobe bus con-
trol output depending on the operating mode.

In single-chip operating mode, the STRA input acts as a programmable strobe for
handshake with other parallel I/O devices. Refer to 4 PARALLEL 1/O for additional in-
formation.

In expanded multiplexed operating mode, the AS output is used to demultiplex the ad-
dress and data signals at port C. Refer to 2.2.2 Expanded Multiplexed Operating
Mode for additional information.

2.1.11 Port Signals

2-4

Ports A, D, and E signals are independent of the operating mode. Port B provides eight
general purpose output signals in single-chip operating modes and provides eight
high-order address signals when the microcontroller is in expanded multiplexed oper-
ating modes. Port C provides eight general purpose input/output signals when the mi-
crocontroller is in singlechip operating modes. When the microcontroller is in
expanded multiplexed operating modes, port C is used for a multiplexed address/data
bus. Table 2-2 shows a summary of the 40 port signals as they relate to the operating
modes. Unused inputs and I/O pins configured as inputs should be terminated high or
low.

SIGNAL DESCRIPTIONS AND OPERATING MODES MC68HC11A8

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



Freescale Semiconductor, Inc.

2.1.11.1 Port A

Port A may be configured for: three input capture functions (IC1, IC2, IC3), four output
compare functions (OC2, OC3, OC4, OC5), and either a pulse accumulator input (PAI)
or a fifth output compare function (OC1). Refer to 8.1 Programmable Timer for addi-
tional information.

Any port A pin that is not used for its alternate timer function may be used as a general-
purpose input or output line.

2.1.11.2 Port B

While in single-chip operating modes, all of the port B pins are general-purpose output
pins. During MCU reads of this port, the level sensed at the input side of the port B
output drivers is read. Port B may also be used in a simple strobed output mode where
an output pulse appears at the STRB signal each time data is written to port B.

When in expanded multiplexed operating modes, all of the port B pins act as high order
address output signals. During each MCU cycle, bits 8 through 15 of the address are
output on the PBO-PB7 lines respectively.

2.1.11.3 Port C

While in single-chip operating modes, all port C pins are general-purpose input/output
pins. Port C inputs can be latched by providing an input transition to the STRA signal.
Port C may also be used in full handshake modes of parallel I/O where the STRA input
and STRB output act as handshake control lines.

When in expanded multiplexed operating modes, all port C pins are configured as mul-
tiplexed address/data signals. During the address portion of each MCU cycle, bits O
through 7 of the address are output on the PCO-PC?7 lines. During the data portion of
each MCU cycle (E high), pins 0 through 7 are bidirectional data signals (D0O-D7). The
direction of data at the port C pins is indicated by the R/W signal.

2.1.11.4 Port D

Port D pins 0-5 may be used for general-purpose I/O signals. Port D pins alternately
serve as the serial communications interface (SCI) and serial peripheral interface
(SPI) signals when those subsystems are enabled.

Pin PDO is the receive data input (RxD) signal for the serial communication interface
(SCI).

Pin PDL1 is the transmit data output (TxD) signal for the SCI.

Pins PD2 through PD5 are dedicated to the SPI. PD2 is the master-in-slave-out (Ml-
SO) signal. PD3 is the master-out-slave-in (MOSI) signal. PD4 is the serial clock
(SCK) signal and PD5 is the slave select (SS) input.
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3.1 Memory Maps
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3 ON-CHIP MEMORY

This section describes the on-chip ROM, RAM, and EEPROM memories. The memory
maps for each mode of operation are shown and the RAM and I/O mapping register
(INIT) is described. The INIT register allows the on-chip RAM and the 64 control reg-
isters to be moved to suit the needs of a particular application.

Composite memory maps for each mode of operation are shown in Figure 3-1. Mem-
ory locations are shown in the shaded areas and the contents of these shaded areas
are shown to the right. These modes include single-chip, expanded multiplexed, spe-
cial bootstrap, and special test.

Single-chip operating modes do not generate external addresses. Refer to Table 3-1
for a full list of the registers.

$0000 0000 | 256 BYTES RAM
A A
JEXT JEXT 00FF
$1000 1000 | 64-BYTE REGISTER BLOCK
A A
103F
EXT EXT
B600 | 512 BYTES EEPROM
Y Y
$B600 B7EF
| | [ BOOT BFC0" | speciaL MopEs
EXT _|EXT ROM INTERRUPT
------ - BFFF BrFF | VECTORS
| Y
$E000 E000 |8 KBYTES ROM
FFCO | NORMAL
MODES
INTERRUPT
SFFFF FFFF FFFF | VECTORS
SINGLE EXPANDED  BOOTSTRAP  SPECIAL
CHIP TEST
A8 MEM MAP
Figure 3-1 Memory Maps
ON-CHIP MEMORY MOTOROLA

TECHNICAL DATA

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

3-1



Freescale Semiconductor, Inc.

Note that if the RAM is relocated to either $E000 or $F000, which is in conflict with the
internal ROM, (no conflict if the ROMON bit in the configuration register is zero), RAM
will take priority and the conflicting ROM will become inaccessible. Also, if the 64 con-
trol registers are relocated so that they conflict with the RAM and/or ROM, then the 64
control registers take priority and the RAM and/or ROM at those locations become in-
accessible. No harmful conflicts result, the lower priority resources simply become in-
accessible. Similarly, if an internal resource conflicts with an external device no
harmful conflict results. Data from the external device will not be applied to the internal
data bus and cannot interfere with the internal read.

Note that there are unused register locations in the 64 byte control register block.
Reads of these unused registers will return data from the undriven internal data bus
and not from another resource that happens to be located at the same address.

3.3 ROM

The internal 8K ROM occupies the highest 8K of the memory map ($E000-$FFFF).
This ROM is disabled when the ROMON bit in the CONFIG register is clear. The
ROMON bit is implemented with an EEPROM cell and is programmed using the same
procedures for programming the on-chip EEPROM. For further information refer to
3.5.3 System Configuration Register (CONFIG).

In the single-chip operating mode, internal ROM is enabled regardless of the state of
the ROMON bit.

There is also a 192 byte mask programmed boot ROM in the MC68HC11A8. This
bootstrap program ROM controls the operation of the special bootstrap operating
mode and is only enabled following reset in the special bootstrap operating mode. For
more information refer to 2.2.3 Special Bootstrap Operating Mode.

3.4 RAM

The 256 byte internal RAM may be relocated during initialization by writing to the INIT
register. The reset default position is $0000 through $00FF. This RAM is implemented
with static cells and retains its contents during the WAIT and STOP modes.

The contents of the 256-byte RAM can also be retained by supplying a low current
backup power source to the MODB/Vsrgy pin. When using a standby power source,
Vpp Mmay be removed; however, RESET must go low before Vpp is removed and re-
main low until V5 has been restored.

3.5 EEPROM

The 512 bytes of EEPROM are located at $B600 through $B7FF and have the same
read cycle time as the internal ROM. The write (or programming) mechanism for the
EEPROM is controlled by the PPROG register. The EEPROM is disabled when the
EEON bit in the CONFIG register is zero. The EEON bit is implemented with an EE-
PROM cell.

ON-CHIP MEMORY MOTOROLA
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1. The idle line is brought to a logic one state prior to transmission/reception of a

character.

A start bit (logic zero) is used to indicate the start of a frame.

The data is transmitted and received least-significant-bit first.

A stop bit (logic one) is used to indicate the end of a frame. A frame consists of

a start bit, a character of eight or nine data bits, and a stop bit.

5. A break is defined as the transmission or reception of a low (logic zero) for at
least one complete frame time.

rown

4 5 7
IDLE LINE
LI I TP ] L] Jeee
START START

*CONTROL BIT M IN SCCR1 SELECTS EITHER 8-BIT OR 9-BIT DATA.

SCI DATA FORMAT

Figure 5-1 Data Format

5.3 Wake-Up Feature

The receiver wake-up feature reduces SCI service overhead in multiple receiver sys-
tems. Software in each receiver evaluates the first character(s) of each message. If
the message is intended for a different receiver, the SCI can be placed in a sleep mode
so that the rest of the message will not generate requests for service. Whenever a new
message is started, logic in the sleeping receivers causes them to wake up so they
can evaluate the initial character(s) of the new message.

A sleeping SCI receiver can be configured (using the WAKE control bit in serial com-
munications control register 1 (SCCR1)) to wake up using either of two methods: idle
line wake up or address mark wake up.

In idle line wake up, a sleeping receiver wakes up as soon as the RxD line becomes
idle. Idle is defined as a continuous logic high on the RxD line for ten (or eleven) full
bit times. Systems using this type of wake up must provide at least one character time
of idle between messages to wake up sleeping receivers but must not allow any idle
time between characters within a message.

In address mark wake up, the most significant bit (MSB) in a character is used to indi-
cate that the character is an address (1) or a data (0) character. Sleeping receivers will
wake up whenever an address character is received. Systems using this method for
wake up would set the MSB of the first character in each message and leave it clear
for all other characters in the message. Idle periods may be present within messages
and no idle time is required between messages for this wake up method.

5.4 Receive Data (RxD)

Receive data is the serial data which is applied through the input line and the serial
communications interface to the internal bus. The receiver circuitry clocks the input at
a rate equal to 16 times the baud rate and this time is referred to as the RT clock.

SERIAL COMMUNICATIONS INTERFACE MC68HC11A8
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7 ANALOG-TO-DIGITAL CONVERTER

The MC68HC11A8 includes an 8-channel, multiplexed-input, successive approxima-
tion, analog-to-digital (A/D) converter with sample and hold to minimize conversion er-
rors caused by rapidly changing input signals. Two dedicated lines (Vg., Vgruy) are
provided for the reference voltage inputs. These pins may be connected to a separate
or isolated power supply to ensure full accuracy of the A/D conversion. The 8-bit A/D
converter has a total error of £1 LSB which includes + 1/2 LSB of quantization error
and accepts analog inputs which range from Vg, to Vry. Smaller analog input ranges
can also be obtained by adjusting Vg4 and Vg, to the desired upper and lower limits.
Conversion is specified and tested for Vg, =0V and Vg4 =5V £ 10%; however, lab-
oratory characterization over the full temperature range indicates little or no degrada-
tion with Vgy-Vg, as low as 2.5to 3 V. The A/D system can be operated with Vg, below
Vpp and/or Vg, above Vgg as long as Vgy is above Vg, by enough to support the con-
versions (2.5 to 5.0 V). Each conversion is accomplished in 32 MCU E clock cycles,
provided the E clock rate is greater than 750 kHz. For systems which operate at clock
rates less than 750 kHz, an internal R-C oscillator must be used to clock the A/D sys-
tem. The internal R-C oscillator is selected by setting the CSEL bit in the OPTION reg-
ister.

NOTE
Only four A/D input channels are available in the 48-pin version.

7.1 Conversion Process

The A/D converter is ratiometric. An input voltage equal to Vg, converts to $00 and an
input voltage equal to Vgy converts to $FF (full scale), with no overflow indication. For
ratiometric conversions, the source of each analog input should use Vgy as the supply
voltage and be referenced to Vg, .

Figure 7-1 shows the detailed sequence for a set of four conversions. This sequence
begins one E clock cycle after a write to the A/D control/status register (ADCTL). Fig-
ure 7-2 shows a model of the port E A/D channel inputs. This model is useful for un-
derstanding the effects of external circuitry on the accuracy of A/D conversions.

7.2 Channel Assignments

A multiplexer allows the single A/D converter to select one of sixteen analog signals.
Eight of these channels correspond to port E input lines to the MCU, four of the chan-
nels are for internal reference points or test functions, and four channels are reserved
for future use. Table 7-1 shows the signals selected by the four channel select control
bits.

ANALOG-TO-DIGITAL CONVERTER MOTOROLA
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9.1.4 Clock Monitor Reset

The clock monitor function is enabled by the CME control bit in the OPTION register.
When CME is clear, the monitor function is disabled. When the CME bit is set, the
clock monitor function detects the absence of an E clock for more than a certain period
of time. The timeout period is dependent on processing parameters and will be be-
tween 5 and 100 microseconds. This means that an E-clock rate of 200 kHz or more
will never cause a clock monitor failure and an E-clock rate of 10 kHz or less will def-
initely cause a clock monitor failure. This implies that systems operating near or below
an E-clock rate of 200 kHz should not use the clock monitor function.

Upon detection of a slow or absent clock, the clock monitor circuit will cause a system
reset. This reset is issued to the external system via the bidirectional RESET pin. The
clock monitor system has a separate reset vector.

Special considerations are needed when using a STOP function and clock monitor in
the same system. Since the STOP function causes the clocks to be halted, the clock
monitor function will generate a reset sequence if it is enabled at the time the STOP
mode is entered.

The clock monitor is useful as a backup for the COP watchdog timer. Since the watch-
dog timer requires a clock to function, it will not indicate any failure if the system clocks
fail. The clock monitor would detect such a failure and force the MCU to its reset state.
Note that clocks are not required for the MCU to reach its reset configuration, although
clocks are required to sequence through reset back to the run condition.

9.1.5 Configuration Options Register (OPTION)

This is a special purpose 8-bit register that is used (optionally) during initialization to
configure internal system configuration options. With the exception of bits 7, 6, and 3
(ADPU, CSEL, and CME) which may be read or written at any time, this register may
be written to only once after a reset and thereafter is a read-only register. If no write is
performed to this location within 64 E-clock cycles after reset, then bits 5, 4, 1, and 0
(IRQE, DLY, CR1, and CRO0) will become read-only to minimize the possibility of any
accidental changes to the system configuration (writes will be ignored). While in spe-
cial test modes, the protection mechanism on this register is preempted and all bits in
the OPTION register may be written repeatedly.

7 6 5 4 3 2 1 0
$1039 | ADPU | CSEL | IRQE | bDLY | cME | o [ CR1L | CRO | OPTION
RESET 0 0 0 1 0 0 0 0

ADPU — A/D Power-up
This bit controls operations of the on-chip analog-to-digital converter. When ADPU is
clear, the A/D system is powered down and conversion requests will not return mean-
ingful information. To use the A/D system, this bit should be set. A 100 microsecond
delay is required after ADPU is turned on to allow the A/D system to stabilize.

RESETS, INTERRUPTS, AND LOW POWER MODES MC68HC11A8
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CSEL — A/D/EE Charge Pump Clock Source Select

This bit determines the clocking source for the on-chip A/D and EEPROM charge
pump. When this bit is zero, the MCU E clock drives the A/D system and the EEPROM
charge pump. When CSEL is one, on-chip separate R-C oscillators are enabled and
clock the systems at about 2 MHz. When running with an E clock below 1 MHz, CSEL
must be high to program or erase EEPROM. When operating below 750 kHz E clock
rate, CSEL should be high for A/D conversions. A delay of 10 milliseconds is required
after CSEL is turned on to allow the A/D system to stabilize.

IRQE — IRQ Edge/Level Sensitive
This bit may only be written under special circumstances as described above. When
this bit is clear, the IRQ pin is configured for level sensitive wired-OR operation (low
level) and when it is set, the IRQ pin is configured for edge-only sensitivity (falling edg-
es).

DLY — STOP Exit Turn-On Delay

This bit may only be written under special circumstances as described above. This bit
is set during reset and controls whether or not a relatively long turn-on delay will be
imposed before processing can resume after a STOP period. If an external clock
source is supplied this delay can be inhibited so that processing can resume within a
few cycles of a wake up from STOP mode. When DLY is set, a 4064 E clock cycle de-
lay is imposed to allow oscillator stabilization and when DLY is clear, this delay is by-
passed.

CME — Clock Monitor Enable
This control bit may be read or written at any time and controls whether or not the in-
ternal clock monitor circuit will trigger a reset sequence when a slow or absent system
clock is detected. When it is clear, the clock monitor circuit is disabled and when it is
set, the clock monitor circuit is enabled. Systems operating at or below 200 kHz should
not use the clock monitor function. Reset clears the CME bit.

Bit 2 — Not Implemented
This bit always reads zero.

CR1 and CRO — COP Timer Rate Selects
These bits may only be written under special circumstances as described above. Re-
fer to Table 9-1 for the relationship between CR1:CRO and the COP timeout period.

9.2 Interrupts

When an external or internal (hardware) interrupt occurs, the interrupt is not serviced
until the current instruction being executed is completed. Until the current instruction
is complete, the interrupt is considered pending. After completion of current instruction
execution, unmasked interrupts may be serviced in accordance with an established
fixed hardware priority circuit; however, one I-bit related interrupt source may be dy-
namically elevated to the highest | bit priority position in the hierarchy (see 9.2.5 High-
est Priority | Interrupt Register (HPRIO)).

Seventeen hardware interrupts and one software interrupt (excluding reset type inter-
rupts) can be generated from all of the possible sources. The interrupts can be divided
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Table 9-4 SCI Serial System Interrupts

Interrupt Cause Local Mask
Receive Data Register Full RIE
Receiver Overrun RIE
Idle Line Detect ILIE
Transmit Data Register Empty TIE
Transmit Complete TCIE

9.2.1 Software Interrupt (SWI)

The software interrupt is executed in the same manner as any other instruction and
will take precedence over interrupts only if the other interrupts are masked (I and X bits
in the condition code register set). The SWI instruction is executed in a manner similar
to other maskable interrupts in that it sets the | bit, CPU registers are stacked, etc.

NOTE

The SWI instruction will not be fetched if an interrupt is pending.
However, once an SWI instruction has begun, no interrupt can be
honored until the SWI vector has been fetched.

7 0
sP PCL — SP BEFORE INTERRUPT

SP-1 PCH

SP-2 IYL

SP-3 IYH

P4 IXL

SP-5 IXH

SP-6 ACCA

SP-7 ACCB

SP-8 CCR

SP-9 — SP AFTER INTERRUPT

Figure 9-3 Interrupt Stacking Order

9.2.2 lllegal Opcode Trap

Since not all possible opcodes or opcode sequences are defined, an illegal opcode de-
tection circuit has been included. When an illegal opcode is detected, an interrupt is
requested to the illegal opcode vector. The illegal opcode vector should never be left
uninitialized. It is a good idea to reinitialize the stack pointer as a result of an illegal
opcode interrupt so repeated execution of illegal opcodes does not cause stack over-
runs.

9.2.3 Interrupt Mask Bits in Condition Code Register

Upon reset, both the X bit and the | bit are set to inhibit all maskable interrupts and
XIRQ. After minimum system initialization, software may clear the X bit by a TAP in-
struction, thus enabling XIRQ interrupts. Thereafter software cannot set the X bit so
an XIRQ interrupt is effectively a nonmaskable interrupt. Since the operation of the |
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28]

FETCH VECTOR
$FFE6, $FFE7

FETCH VECTOR
$FFE4, $FFE5

FETCH VECTOR
$FFE2, $FFE3

FETCH VECTOR
$FFEO, $FFE1

FETCH VECTOR
SFFDE, $FFDF

FETCH VECTOR
$FFDC, SFFDD

FETCH VECTOR
$FFDA, $FFDB

FLAGS
SPIF=1? OR
MODF =1?

FETCH VECTOR
$FFD8, $FFD9

Y FETCH VECTOR
$FFD6, $FFD7

INTERRUPT?
SEE FIGURE

FETCH VECTOR
$FFF2, SFFF3

END

Figure 9-5 Interrupt Priority Resolution (Sheet 2 of 2)
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BEGIN

FLAG
RDRF =1?

TDRE =17

TC=1?

IDLE =17

NO
VALID SCI REQUEST VALID SCI REQUEST

Figure 9-6 Interrupt Source Resolution Within SCI
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JSR, JUMP TO SUBROUTINE

PC
DIREC
RTN
PC
INDEXED,
RTN
PC
INDEXED,
RTN

PC

INDEXED,
RTN

MAIN PROGRAM

$9D = JSR

dd

NEXT MAIN INSTR.

MAIN PROGRAM

$AD = JSR

ff

NEXT MAIN INS[TR.

MAIN PROGRAM

$18 = PRE

$AD = JSR

ff

NEXT MAIN IN

MAIN PROGRAM

$BD = PRE

hh

NEXT MAIN IN

JMP, JUMP

-

PC

INDEXED, X

-

PC

MAIN PROGRAM

$6E = JMP

ff

MAIN PROGRAM

$18 = PRE

$6E = JMP

INDEXED, ¥

ff

MAIN PROGRAM

-

PC

$7E = JMP

hh

EXTENDER
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SP+1
SP+2
SP+3
SP+4
SP+5
SP+6
SP+7
SP+8
é SP+9

TR.

[ ]
\X+ {NEXT MAIN INSTR.

[ ]
X+ fi NEXT MAIN INSTR.

[ ]
\hh IINEXT MAIN INSTR.

7 STACK

CCR

ACCB

ACCA

X

X

1Yy

Y,

RTN;

RTN

WAI, WAIT FOR INTERRUPT

INTERRUPT ROUTINE 7 STACK
PC[  $3E = WAI sP
SP+1 CCR
SP+2 ACCB
SP+3 ACCA
SP+4 Xy
SP+5 IX
SP+6 IYH
SP+7 |Y|_
SP+8 RTN,
€ SP+9 RTN
SWI, SOFTWARE INTERRUPT
MAIN PROGRAM 7 STACK
PC $3F = SWI é sPp9
SPD8 CCR
SPD7 ACCB
SPD6 ACCA
WAI, WAIT FOR INTERRUPT SFD3 1%
SPD4 X
MAIN PROGRAM  spp3 Y,
PC $3E = WAI SPD2) Iy,
SPD1 RTN,
’ sP RTN
BSR, BRANCH TO SUBROUTINE
MAIN PROGRAM 7 STACK
PC $8D = BSR é sPp2
SPD1 RTN,
sP RTN
RTS, RETURN FROM
SUBROUTINE
MAIN PROGRAM 7 STACK
PC[  $39=RTS sP
SP+1 RTN,
é sP+2 RTN
LEGEND:

RTN = ADDRESS OF NEXT INSTRUCTION IN MAIN PROGRAM TO
BE EXECUTED UPON RETURN FROM SUBROUTINE
RTN,;= MOST SIGNIFICANT BYTE OF RETURN ADDRESS
RTN = LEAST SIGNIFICANT BYTE OF RETURN ADDRESS
€ = STACK POINTER POSITION AFTER OPERATION IS COMPLETE
dd = 8-BIT DIRECT ADDRESS ($0000D$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= LOW-ORDER BYTE OF 16-BIT EXTENDED ADDRESS
rr= SIGNED RELATIVE OFFSET $80 (D128) TO $7F (+127) (OFFSET
RELATIVE TO THE ADDRESS FOLLOWING THE MACHINE CODE
OFFSET BYTE)

Figure 10-2 Special Operations
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