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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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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

• M68HC11 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)
INTRODUCTION
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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 M68HC11 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. 

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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3.1.6.3 Zero (Z)

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 (I)

The interrupt request (IRQ) mask (I bit) is a global mask that disables all maskable in-
terrupt sources. While the I bit is set, interrupts can become pending, but the operation
of the CPU continues uninterrupted until the I bit is cleared. After any reset, the I bit is
set by default and can only be cleared by a software instruction. When an interrupt is
recognized, the I 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 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 I 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. 
CENTRAL PROCESSING UNIT MC68HC11F1
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A normal mode is selected when MODB is logic one during reset. One of three reset
vectors is fetched from address $FFFA–$FFFF, and program execution begins from
the address indicated by this vector. If MODB is logic zero during reset, the special
mode reset vector is fetched from addresses $BFFA–$BFFF and software has access
to special test features. Refer to SECTION 5 RESETS AND INTERRUPTS for infor-
mation regarding reset vectors. 

4.3.1.1 HPRIO Register

Bits in the HPRIO register select the highest priority interrupt level, select whether
bootstrap ROM is present, and control visibility of internal reads by the CPU. After re-
set, MDA and SMOD select the operating mode. 

*Reset states of RBOOT, SMOD, and MDA bits depend on hardware mode selection. Refer to Table 4-3.

RBOOT — Read Bootstrap ROM
Set to one out of reset in bootstrap mode. Valid while in special modes only. Can be
read anytime. Can only be written in special modes. 

0 = Bootloader ROM disabled and not in map
1 = Bootloader ROM enabled and in map at $BF00–$BFFF

SMOD and MDA — Special Mode Select and Mode Select A
The initial value of SMOD is the inverse of the logic level present on the MODB pin at
the rising edge of reset. The initial value of MDA equals the logic level present on the
MODA pin at the rising edge of reset. These two bits can be read at any time. They can
be written at any time in special modes. Neither bit can be written is normal modes.
SMOD cannot be set once it has been cleared. Refer to Table 4-3.

IRV — Internal Read Visibility
IRV can be written at any time in special modes (SMOD = 1). In normal modes (SMOD
= 0) IRV can be written only once. In expanded and test modes, IRV determines
whether internal read visibility is on or off. In single-chip and bootstrap modes, IRV has
no meaning or effect. 

0 = No internal read visibility on external bus
1 = Data from internal reads is driven out the external data bus. 

PSEL[3:0] — Priority Select Bits [3:0]
Refer to 5.3.1 Highest Priority Interrupt and Miscellaneous Register. 

HPRIO — Highest Priority I-Bit Interrupt and Miscellaneous $103C

Bit 7 6 5 4 3 2 1 Bit 0
RBOOT* SMOD* MDA* IRV PSEL3 PSEL2 PSEL1 PSEL0

RESET: 0 0 0 0 0 1 1 0 Single Chip
0 0 1 0 0 1 1 0 Expanded
1 1 0 1 0 1 1 0 Bootstrap
0 1 1 1 0 1 1 0 Special Test
OPERATING MODES AND ON-CHIP MEMORY MC68HC11F1
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*PCSEN is set out of reset in expanded modes and cleared in single-chip modes. 

IO1EN — I/O Chip Select 1 Enable
0 = CSIO1 is disabled and port G bit 5 is general-purpose I/O.
1 = CSIO1 is enabled and uses port G bit 5.

IO1PL — I/O Chip Select 1 Polarity Select
0 = CSIO1 active low
1 = CSIO1 active high

IO2EN — I/O Chip Select 2 Enable
0 = CSIO2 is disabled and port G bit 4 is general-purpose I/O.
1 = CSIO2 is enabled and uses port G bit 4.

IO2PL — I/O Chip Select 2 Polarity Select
0 = CSIO2 active low
1 = CSIO2 active high

GCSPR — General-Purpose Chip Select Priority
0 = Program chip select has priority over general-purpose chip select
1 = General-purpose chip select has priority over program chip select

PCSEN — Program Chip Select Enable
This bit is set out of reset in expanded modes and cleared in single-chip modes. 

0 = CSPROG disabled and port G bit 7 available as general-purpose I/O
1 = CSPROG enabled out of reset and uses port G bit 7 pin

PSIZA, PSIZB — Program Chip Select Size (A or B) 

GA[15:10] — General-Purpose Chip Select Base Address
GA[15:10] correspond to MCU address bits ADDR[15:10] and select the starting ad-
dress of the general-purpose chip select's address range. Which bits are valid de-
pends upon the size selected by GSIZA–GSIZC in CSGSIZ register. Refer to the
following table and to Figure 4-4. 

CSCTL — Chip Select Control $105D

Bit 7 6 5 4 3 2 1 Bit 0
IO1EN IO1PL IO2EN IO2PL GCSPR PCSEN* PSIZA PSIZB

RESET: 0 0 0 0 0 — 0 0

Table 4-9 Program Chip Select Size Control

PSIZA PSIZB Size (Bytes) Address Range
0 0 64 K $0000–$FFFF
0 1 32 K $8000–$FFFF
1 0 16 K $C000–$FFFF
1 1 8 K $E000–$FFFF

CSGADR — General-Purpose Chip Select Address Register $105E

Bit 7 6 5 4 3 2 1 Bit 0
GA15 GA14 GA13 GA12 GA11 GA10 — —

RESET: 0 0 0 0 0 0 0 0
OPERATING MODES AND ON-CHIP MEMORY
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Figure 5-5  Interrupt Source Resolution Within SCI

5.5 Low Power Operation

Both STOP and WAIT suspend CPU operation until a reset or interrupt occurs. The
WAIT condition suspends processing and reduces power consumption to an interme-
diate level. The STOP condition turns off all on-chip clocks and reduces power con-
sumption to an absolute minimum while retaining the contents of all 1024 bytes of
RAM. 
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YES

NO

YES

NO

OR = 1
?

RIE = 1
?

YES

NO

RE = 1
?

YES

NO

YES

NO

TDRE = 1
?

TIE = 1
?

YES

NO

TE = 1
?

YES

NO

YES

NO

TC = 1
?

TCIE = 1
?

YES

NO

YES

NO

IDLE = 1
?

ILIE = 1
?

YES

NO

RE = 1
?

YES – VALID SCI
REQUEST
RESETS AND INTERRUPTS MC68HC11F1
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5.5.1 WAIT

The WAI opcode places the MCU in the WAIT condition, during which the CPU regis-
ters are stacked and CPU processing is suspended until a qualified interrupt is detect-
ed. The interrupt can be an external IRQ, an XIRQ, or any of the internally generated
interrupts, such as the timer or serial interrupts. The on-chip crystal oscillator remains
active throughout the WAIT standby period. 

The reduction of power in the WAIT condition depends on how many internal clock sig-
nals driving on-chip peripheral functions can be shut down. The CPU is always shut
down during WAIT. While in the wait state, the address/data bus repeatedly runs read
cycles to the address where the CCR contents were stacked. Ensuring that the stack
contents are placed in internal RAM will further reduce power consumption. The MCU
leaves the wait state when it senses any interrupt that has not been masked. 

The free-running timer system is shut down only if the I bit is set to one and the COP
system is disabled by NOCOP being set to one. Several other systems can also be in
a reduced power consumption state depending on the state of software-controlled
configuration control bits. Power consumption by the analog-to-digital (A/D) converter
is not affected significantly by the WAIT condition. However, the A/D converter current
can be eliminated by writing the ADPU bit to zero. The SPI system is enabled or dis-
abled by the SPE control bit. The SCI transmitter is enabled or disabled by the TE bit,
and the SCI receiver is enabled or disabled by the RE bit. Therefore the power con-
sumption in WAIT is dependent on the particular application. 

5.5.2 STOP

Executing the STOP instruction while the S bit in the CCR is equal to zero places the
MCU in the STOP condition. If the S bit is not zero, the STOP opcode is treated as a
no-op (NOP). The STOP condition offers minimum power consumption because all
clocks, including the crystal oscillator, are stopped while in this mode. To exit STOP
and resume normal processing, a logic low level must be applied to one of the external
interrupts (IRQ or XIRQ) or to the RESET pin. A pending edge-triggered IRQ can also
bring the CPU out of STOP. 

Because all clocks are stopped in this mode, all internal peripheral functions also stop.
The data in the internal RAM is retained as long as VDD power is maintained. The CPU
state and I/O pin levels are static and are unchanged by STOP. Therefore, when an
interrupt restarts the system, the MCU resumes processing as if there were no inter-
ruption. If reset is used to restart the system a normal reset sequence results where
all I/O pins and functions are also restored to their initial states. 

To use the IRQ pin as a means of recovering from STOP, the I bit in the CCR must be
clear (IRQ not masked). The XIRQ pin can be used to wake up the MCU from STOP
regardless of the state of the X bit in the CCR, although the recovery sequence de-
pends on the state of the X bit. If X is set to zero (XIRQ not masked), the MCU starts
up, beginning with the stacking sequence leading to normal service of the XIRQ re-
quest. If X is set to one (XIRQ masked or inhibited), then processing continues with
the instruction that immediately follows the STOP instruction, and no XIRQ interrupt
service is requested or pending. 
RESETS AND INTERRUPTS
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DDA[7:0] — Data Direction for Port A 
0 = Input
1 = Output 

NOTE

To enable PA3 as fourth input capture, set the I4/O5 bit in the PACTL
register. Otherwise, PA3 is configured as a fifth output compare out
of reset, with bit I4/O5 being cleared. If the DDA3 bit is set (configur-
ing PA3 as an output), and IC4 is enabled, writes to PA3 cause edges
on the pin to result in input captures. Writing to TI4/O5 has no effect
when the TI4/O5 register is acting as IC4. PA7 drives the pulse ac-
cumulator input but also can be configured for general-purpose I/O,
or output compare. Note that even when PA7 is configured as an out-
put, the pin still drives the pulse accumulator input.

6.2 Port B

Reset state is mode dependent. In single-chip or bootstrap modes, port B pins are
general-purpose outputs. In expanded and test modes, port B pins are high-order ad-
dress outputs and PORTB is not in the memory map. 

6.3 Port C

Reset state is mode dependent. In single-chip and bootstrap modes, port C pins are
high-impedance inputs. It is customary to have an external pull-up resistor on lines that
are driven by open-drain devices. In expanded or test modes, port C pins are data bus
inputs/outputs and PORTC is not in the memory map. The R/W signal is used to con-
trol the direction of data transfers. 

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-

DDRA — Data Direction Register for Port A $1001

Bit 7 6 5 4 3 2 1 Bit 0
DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDA0

RESET: 0 0 0 0 0 0 0 0

PORTB — Port B Data $1004

Bit 7 6 5 4 3 2 1 Bit 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PB0

S. Chip or 
Boot: PB7 PB6 PB5 PB4 PB3 PB2 PB1 PB0
RESET: 0 0 0 0 0 0 0 0

Expan. or 
Test: ADDR15 ADDR14 ADDR13 ADDR12 ADDR11 ADDR10 ADDR9 ADDR8
PARALLEL INPUT/OUTPUT MC68HC11F1
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R8 — Receive Data Bit 8
If M bit is set, R8 stores the ninth bit in the receive data character.

T8 — Transmit Data Bit 8
If M bit is set, T8 stores the ninth bit in the transmit data character.

M — Mode (Select Character Format)
0 = Start bit, 8 data bits, 1 stop bit
1 = Start bit, 9 data bits, 1 stop bit

WAKE — Wakeup by Address Mark/Idle
0 = Wakeup by IDLE line recognition
1 = Wakeup by address mark (most significant data bit set)

7.6.3 Serial Communications Control Register 2 

The SCCR2 register provides the control bits that enable or disable individual SCI
functions.

TIE — Transmit Interrupt Enable
0 = TDRE interrupts disabled
1 = SCI interrupt requested when TDRE status flag is set

TCIE — Transmit Complete Interrupt Enable
0 = TC interrupts disabled
1 = SCI interrupt requested when TC status flag is set

RIE — Receiver Interrupt Enable
0 = RDRF and OR interrupts disabled
1 = SCI interrupt requested when RDRF flag or the OR status flag is set

ILIE — Idle-Line Interrupt Enable
0 = IDLE interrupts disabled 
1 = SCI interrupt requested when IDLE status flag is set

TE — Transmitter Enable
When TE goes from zero to one, one unit of idle character time (logic one) is queued
as a preamble.

0 = Transmitter disabled
1 = Transmitter enabled

RE — Receiver Enable
0 = Receiver disabled
1 = Receiver enabled

SCCR2 — SCI Control Register 2 $102D

Bit 7 6 5 4 3 2 1 Bit 0
TIE TCIE RIE ILIE TE RE RWU SBK

RESET: 0 0 0 0 0 0 0 0
SERIAL COMMUNICATIONS INTERFACE MC68HC11F1
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TDRE and TC flags are normally set when the transmitter is first enabled (TE set to
one). The TDRE flag indicates there is room in the transmit queue to store another
data character in the TDR. The TIE bit is the local interrupt mask for TDRE. When TIE
is zero, TDRE must be polled. When TIE and TDRE are one, an interrupt is requested. 

The TC flag indicates the transmitter has completed the queue. The TCIE bit is the lo-
cal interrupt mask for TC. When TCIE is zero, TC must be polled; when TCIE is one
and TC is one, an interrupt is requested. 

Writing a zero to TE requests that the transmitter stop when it can. The transmitter
completes any transmission in progress before actually shutting down. Only an MCU
reset can cause the transmitter to stop and shut down immediately. If TE is written to
zero when the transmitter is already idle, the pin reverts to its general-purpose I/O
function (synchronized to the bit-rate clock). If anything is being transmitted when TE
is written to zero, that character is completed before the pin reverts to general-purpose
I/O, but any other characters waiting in the transmit queue are lost. The TC and TDRE
flags are set at the completion of this last character, even though TE has been dis-
abled. 

7.7.1 Receiver Flags

The SCI receiver has five status flags, three of which can generate interrupt requests.
The status flags are set by the SCI logic in response to specific conditions in the re-
ceiver. These flags can be read (polled) at any time by software. Refer to Figure 7–4,
which shows SCI interrupt arbitration.

When an overrun takes place, the new character is lost, and the character that was in
its way in the parallel RDR is undisturbed. RDRF is set when a character has been
received and transferred into the parallel RDR. The OR flag is set instead of RDRF if
overrun occurs. A new character is ready to be transferred into RDR before a previous
character is read from RDR. 

The NF and FE flags provide additional information about the character in the RDR,
but do not generate interrupt requests. 

The last receiver status flag and interrupt source come from the IDLE flag. The RxD
line is idle if it has constantly been at logic one for a full character time. The IDLE flag
is set only after the RxD line has been busy and becomes idle, which prevents repeat-
ed interrupts for the whole time RxD remains idle. 
SERIAL COMMUNICATIONS INTERFACE
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All TOCx register pairs reset to ones ($FFFF). 

9.3.2 Timer Compare Force Register

The CFORC register allows forced early compares. FOC[1:5] correspond to the five
output compares. These bits are set for each output compare that is to be forced. The
action taken as a result of a forced compare is the same as if there were a match be-
tween the OCx register and the free-running counter, except that the corresponding
interrupt status flag bits are not set. The forced channels trigger their programmed pin
actions to occur at the next timer count transition after the write to CFORC. 

The CFORC bits should not be used on an output compare function that is pro-
grammed to toggle its output on a successful compare because a normal compare that
occurs immediately before or after the force can result in an undesirable operation. 

FOC[1:5] — Force Output Comparison 
When the FOC bit associated with an output compare circuit is set, the output compare
circuit immediately performs the action it is programmed to do when an output match
occurs.

0 = Not affected
1 = Output x action occurs

Bits [2:0] — Not implemented
Always read zero

9.3.3 Output Compare Mask Registers

Use OC1M with OC1 to specify the bits of port A that are affected by a successful OC1
compare. The bits of the OC1M register correspond to PA[7:3]. 

TOC1–TOC4 — Timer Output Compare $1016–$101D

$1016 Bit 15 14 13 12 11 10 9 Bit 8 TOC1 (High)
$1017 Bit 7 6 5 4 3 2 1 Bit 0 TOC1 (Low)
$1018 Bit 15 14 13 12 11 10 9 Bit 8 TOC2 (High)
$1019 Bit 7 6 5 4 3 2 1 Bit 0 TOC2 (Low)
$101A Bit 15 14 13 12 11 10 9 Bit 8 TOC3 (High)
$101B Bit 7 6 5 4 3 2 1 Bit 0 TOC3 (Low)
$101C Bit 15 14 13 12 11 10 9 Bit 8 TOC4 (High)
$101D Bit 7 6 5 4 3 2 1 Bit 0 TOC4 (Low)

CFORC — Timer Compare Force $100B

Bit 7 6 5 4 3 2 1 Bit 0
FOC1 FOC2 FOC3 FOC4 FOC5 — — —

RESET: 0 0 0 0 0 0 0 0
TIMING SYSTEM MC68HC11F1
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PEDGE — Pulse Accumulator Edge Control
Refer to 9.6 Pulse Accumulator.

Bit 3 — Not implemented
Always reads zero

I4/O5 — Input Capture 4/Output Compare 
Refer to 9.6 Pulse Accumulator. 

RTR[1:0] — RTI Interrupt Rate Select
These two bits determine the rate at which the RTI system requests interrupts. The
RTI system is driven by an E divided by 213 rate clock that is compensated so it is in-
dependent of the timer prescaler. These two control bits select an additional division
factor. Refer to Table 9-5.

9.5 Computer Operating Properly Watchdog Function

The clocking chain for the COP function, tapped off of the main timer divider chain, is
only superficially related to the main timer system. The CR[1:0] bits in the OPTION
register and the NOCOP bit in the CONFIG register determine the status of the COP
function. One additional register, COPRST, is used to arm and clear the COP watch-
dog reset system. Refer to SECTION 5 RESETS AND INTERRUPTS for a more de-
tailed discussion of the COP function. 

9.6 Pulse Accumulator

The MC68HC11F1 MCUs have an 8-bit counter that can be configured to operate ei-
ther as a simple event counter, or for gated time accumulation, depending on the state
of the PAMOD bit in the PACTL register. Refer to the pulse accumulator block dia-
gram, Figure 9-3. 

In the event counting mode, the 8-bit counter is incremented by pulses on an external
pin (PAI). The maximum clocking rate for the external event counting mode is the E
clock divided by two. In gated time accumulation mode, a free-running E-clock ÷ 64
signal drives the 8-bit counter, but only while the external PAI pin is activated. Refer
to Table 9-6. The pulse accumulator counter can be read or written at any time. 
TIMING SYSTEM
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Figure 9-3  Pulse Accumulator 

Pulse accumulator control bits are also located within two timer registers, TMSK2 and
TFLG2, as described in the following paragraphs. 

9.6.1 Pulse Accumulator Control Register

Four of this register's bits control an 8-bit pulse accumulator system. Another bit en-
ables either the OC5 function or the IC4 function, while two other bits select the rate
for the real-time interrupt system. 

Table 9-5 Pulse Accumulator Timing

Crystal Frequency
(4∗ E)

E Clock
(E)

Cycle Time
(1/E)

26/E
(64/E)

PACNT Overflow
(16384/E)

4.0 MHz 1.0 MHz 1000 ns 64 µs 16.384 ms
8.0 MHz 2.0 MHz 500 ns 32 µs 8.192 ms
12.0 MHz 3.0 MHz 333 ns 21.33 µs 5.461 ms
16.0 MHz 4.0 MHz 250 ns 16.0 µs 4.096 ms

PE
D

G
E

PA
M

O
D

PA
EN

PACTL  CONTROL

INTERNAL
DATA BUS

PACNT  8-BIT COUNTERPA7/
PAI/
OC1

INTERRUPT
REQUESTS

PA
IF

PA
O

VF

TFLG2  INTERRUPT STATUS

PA
O

VI

PA
II

PAOVF

PAOVI

PAIF

PAII

TMSK2  INT ENABLES

1

2

OVERFLOW

ENABLE

DISABLE
FLAG SETTING

CLOCK

PAI EDGE

PAEN

PAEN

2:1
MUX

OUTPUT
BUFFER

INPUT BUFFER
AND

EDGE DETECTOR

FROM
MAIN TIMER

OC1

DATA BUS

PIN

E ÷ 64 CLOCK
(FROM MAIN TIMER)

FROM DATA
DIRECTION

BIT FOR
PORT A PIN 7
TIMING SYSTEM MC68HC11F1
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10.4 Channel Assignments

The multiplexer allows the A/D converter to select one of sixteen analog signals. Eight
of these channels correspond to port E input lines, four of the channels are internal
reference points or test functions, and four channels are reserved. Refer to Table 10-
1. 

*Used for factory testing

10.5 Single-Channel Operation

There are two types of single-channel operation. When SCAN = 0, the first type, the
single selected channel is converted four consecutive times. The first result is stored
in A/D result register 1 (ADR1), and the fourth result is stored in ADR4. After the fourth
conversion is complete, all conversion activity is halted until a new conversion com-
mand is written to the ADCTL register. In the second type of single-channel operation,
SCAN = 1, conversions continue to be performed on the selected channel with the fifth
conversion being stored in register ADR1 (overwriting the first conversion result), the
sixth conversion overwriting ADR2, and so on. 

10.6 Multiple-Channel Operation

There are two types of multiple-channel operation. When SCAN = 0, the first type, a
selected group of four channels is converted one time each. The first result is stored
in A/D result register 1 (ADR1), and the fourth result is stored in ADR4. After the fourth
conversion is complete, all conversion activity is halted until a new conversion com-
mand is written to the ADCTL register. In the second type of multiple-channel opera-
tion, SCAN = 1, conversions continue to be performed on the selected group of
channels with the fifth conversion being stored in register ADR1 (replacing the earlier
conversion result for the first channel in the group), the sixth conversion overwriting
ADR2, and so on. 

Table 10-1 A/D Converter Channel Assignments

Channel
Number 

Channel 
Signal

Result in ADRx if 
MULT = 1

1 AN0 ADR1
2 AN1 ADR2
3 AN2 ADR3
4 AN3 ADR4
5 AN4 ADR1
6 AN5 ADR2
7 AN6 ADR3
8 AN7 ADR4
9 Reserved —
10 Reserved —
11 Reserved —
12 Reserved —
13 VRH* ADR1

14 VRL* ADR2

15 (VRH)/2* ADR3

16 Reserved* ADR4
ANALOG-TO-DIGITAL CONVERTER MC68HC11F1
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NOTES:
1. VOH specification for RESET and MODA is not applicable because they are open-drain pins. VOH specification

not applicable to ports C and D in wired-OR mode.
2. Refer to A/D specification for leakage current for port E.
3. EXTAL is driven with a square wave, and 

tcyc = 500 ns for 2 MHz rating;
tcyc = 333 ns for 3 MHz rating;
tcyc = 250 ns for 4 MHz rating;
VIL ≤ 0.2 V; VIH ≥ VDD – 0.2 V; No dc loads.

Table A-3 DC Electrical Characteristics
VDD = 5.0 Vdc ± 5%, VSS = 0 Vdc, TA = TL to TH, unless otherwise noted

Characteristic Symbol Min Max Unit

Output Voltage (Note 1) All Outputs except XTAL
All Outputs Except XTAL, RESET, and MODA

ILoad = ± 10.0 µA

VOL
VOH

— 
VDD – 0.1

0.1
— 

V
V

Output High Voltage (Note 1) 
All Outputs Except XTAL, RESET, and MODA 

 ILoad = – 0.8 mA, VDD = 4.5 V 
VOH VDD – 0.8 — V

Output Low Voltage  All Outputs Except XTAL 
ILoad = 1.6 mA 

VOL — 0.4 V

Input High Voltage  All Inputs Except RESET 
RESET

VIH 0.7 x VDD
0.8 x VDD

VDD + 0.3
VDD + 0.3

V
V

Input Low Voltage  All Inputs VIL VSS – 0.3 0.2 x VDD V

I/O Ports, Three-State Leakage Ports A, B, C, D, F, G
Vin = VIH or VIL MODA/LIR, RESET

IOZ — ±10 µA

Input Leakage Current (Note 2) 
Vin = VDD or VSS IRQ, XIRQ on standard devices
Vin = VDD or VSS MODB/VSTBY,

 XIRQ on EPROM devices

Iin
— 

— 

±1

±10

µA

µA

Input Current with Pull-Up Resistors
Vin = VIL Ports B, F, and G

lipr 100 500 µA

RAM Standby Voltage Power down VSB 4.0 VDD V

RAM Standby Current Power down ISB — 20 µA

Input Capacitance PE[7:0], IRQ, XIRQ, EXTAL
Ports A, B, C, D, F, G, MODA/LIR, RESET

Cin — 
— 

8
12

pF
pF

Output Load Capacitance All Outputs Except PD[4:1],
4XOUT, XTAL, MODA/LIR

PD[4:1]
4XOUT

CL
—
— 
— 

90
200
30

pF
pF
pF

Characteristic Symbol 2 MHz 3 MHz 4 MHz Unit
Maximum Total Supply Current (Note 3)

RUN:
Expanded Mode

WAIT: (All Peripheral Functions Shut Down)
Expanded Mode

STOP:
No Clocks, Expanded Mode

IDD

WIDD

SIDD

27
 
 

15

50

38

20

50

50

25

50

mA

mA

µA
Maximum Power Dissipation

Expanded Mode
PD

149 209 275 mW
ELECTRICAL CHARACTERISTICS
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