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Welcome to E-XFL.COM

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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Operating Temperature -40°C ~ 85°C (TA)
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Figure 1-1  MC68HC11F1 Block Diagram
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2.11.2 Port B

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

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

Refer to SECTION 6 PARALLEL INPUT/OUTPUT. 

2.11.3 Port C

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

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

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

Refer to SECTION 6 PARALLEL INPUT/OUTPUT. 

2.11.4 Port D

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

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

The DWOM control bit in the SPCR register disables port D’s P-channel output drivers.
Because the N-channel driver is not affected by DWOM, setting DWOM causes port
D to become an open-drain-type output port suitable for wired-OR operation. In wired-
PIN DESCRIPTIONS MC68HC11F1
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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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4.4.1.4 EEPROM Byte Erase

The following is an example of how to erase a single byte of EEPROM and assumes
that index register X contains the address of the byte to be erased.

4.4.2 PPROG EEPROM Programming Control Register

Bits in PPROG register control parameters associated with EEPROM programming. 

ODD — Program Odd Rows in Half of EEPROM (TEST)

EVEN — Program Even Rows in Half of EEPROM (TEST)

Bit 5 — Not implemented
Always reads zero

BYTE — Byte/Other EEPROM Erase Mode
0 = Row or bulk erase mode used
1 = Erase only one byte of EEPROM

ROW — Row/All EEPROM Erase Mode (only valid when BYTE = 0)
0 = All 512 bytes of EEPROM erased
1 = Erase only one 16-byte row of EEPROM

ROWE LDAB #$0E ROW=1, ERASE=1, EELAT=1, EEPGM=0

STAB $103B Set to ROW erase mode

STAB 0,X Store any data to any address in ROW

LDAB #$0F ROW=1, ERASE=1, EELAT=1, EEPGM=1

STAB $103B Turn on high voltage

JSR DLY10 Delay 10 ms

CLR $103B Turn off high voltage and set to READ mode

BYTEE LDAB #$16 BYTE=1, ROW=0, ERASE=1, EELAT=1, EEPGM=0

STAB $103B Set to BYTE erase mode

STAB 0,X Store any data to address to be erased

LDAB #$17 BYTE=1, ROW=0, ERASE=1, EELAT=1, EEPGM=1

STAB $103B Turn on high voltage

JSR DLY10 Delay 10 ms

CLR $103B Turn off high voltage and set to READ mode

PPROG — EEPROM Programming Control $103B

Bit 7 6 5 4 3 2 1 Bit 0
ODD EVEN — BYTE ROW ERASE EELAT EEPGM

RESET: 0 0 0 0 0 0 0 0
OPERATING MODES AND ON-CHIP MEMORY MC68HC11F1
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Figure 4-4  Address Map for General-Purpose Chip Select

IO1SA–IO1SB — I/O Chip Select 1 Clock Stretch Select
Refer to Table 4-8.

IO2SA–IO2SB — I/O Chip Select 2 Clock Stretch Select
Refer to Table 4-8.

GSTHA–GSTHB — General-Purpose Chip Select Clock Stretch Select
Refer to Table 4-8.

PSTHA–PSTHB — Program Chip Select Clock Stretch Select
Refer to Table 4-8.

CSSTRH — Chip Select Clock Stretch Select $105C

Bit 7 6 5 4 3 2 1 Bit 0
IO1SA IO1SB IO2SA IO2SB GSTHA GSTHB PSTHA PSTHB

RESET: 0 0 0 0 0 0 0 0

Table 4-8 Chip Select Clock Stretch Control

Bit A Bit B Clock Stretch Selected
0 0 None
0 1 1 cycle
1 0 2 cycles
1 1 3 cycles

$0000

$FFFF

EXP
MODE
ADDR

SPACE

N/A GA15 GA[15:14] GA[15:13] GA[15:12] GA[15:11] GA[15:10]

0 : 1 : 1 1 : 0 : 0 1 : 0 : 1 1 : 1 : 00 : 0 : 0 0 : 0 : 1 0 : 1 : 0

VALID BASE ADDR BITS:

GSIZA : GSIZB : GSIZC:

SIZE: 8K 4K 2K 1K64K 32K 16K

NOTE:  These examples assume a starting address of $0000.

GA[15:10]

1 : 1 : 1
DISABLED
OPERATING MODES AND ON-CHIP MEMORY MC68HC11F1
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5.2.1 Central Processing Unit 

After reset, the CPU fetches the reset vector from the appropriate address during the
first three cycles, and begins executing instructions. The stack pointer and other CPU
registers are indeterminate immediately after reset; however, the X and I interrupt
mask bits in the condition code register (CCR) are set to mask any interrupt requests.
Also, the S bit in the CCR is set to inhibit the STOP mode. 

5.2.2 Memory Map

After reset, the INIT register is initialized to $01, putting the 1024 bytes of RAM at lo-
cations $0000 through $03FF, and the control registers at locations $1000 through
$105F. The EE[3:0] bits in the CONFIG register control the location of the 512-byte
EEPROM array.

5.2.3 Parallel I/O

When a reset occurs in expanded operating modes, port B, C, and F pins used for par-
allel I/O are dedicated to the expansion bus. If a reset occurs during a single-chip op-
erating mode, all ports are configured as general-purpose high-impedance inputs.   

NOTE

Do not confuse pin function with the electrical state of the pin at reset.
All general-purpose I/O pins configured as inputs at reset are in a
high-impedance state. Port data registers reflect the port's functional
state at reset. The pin function is mode dependent. 

5.2.4 Timer

During reset, the timer system is initialized to a count of $0000. The prescaler bits are
cleared, and all output compare registers are initialized to $FFFF. All input capture reg-
isters are indeterminate after reset. The output compare 1 mask (OC1M) register is
cleared so that successful OC1 compares do not affect any I/O pins. The other four
output compares are configured so that they do not affect any I/O pins on successful
compares. All input capture edge-detector circuits are configured for capture disabled
operation. The timer overflow interrupt flag and all eight timer function interrupt flags
are cleared. All nine timer interrupts are disabled because their mask bits have been
cleared. 

The I4/O5 bit in the PACTL register is cleared to configure the I4/O5 function as OC5;
however, the OM5–OL5 control bits in the TCTL1 register are clear so OC5 does not
control the PA3 pin. 

5.2.5 Real-Time Interrupt (RTI)

The real-time interrupt flag (RTIF) is cleared and automatic hardware interrupts are
masked. The rate control bits are cleared after reset and can be initialized by software
before the real-time interrupt (RTI) system is used. 
RESETS AND INTERRUPTS
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5.2.6 Pulse Accumulator

The pulse accumulator system is disabled at reset so that the pulse accumulator input
(PAI) pin defaults to being a general-purpose input pin. 

5.2.7 Computer Operating Properly (COP)

The COP watchdog system is enabled if the NOCOP control bit in the CONFIG regis-
ter is cleared, and disabled if NOCOP is set. The COP rate is set for the shortest du-
ration time-out. 

5.2.8 Serial Communications Interface (SCI) 

The reset condition of the SCI system is independent of the operating mode. All trans-
mit and receive interrupts are masked and both the transmitter and receiver are dis-
abled so the port pins default to being general-purpose I/O lines. The SCI frame format
is initialized to an 8-bit character size. The send break and receiver wakeup functions
are disabled. The TDRE and TC status bits in the SCI status register are both set, in-
dicating that there is no transmit data in either the transmit data register or the transmit
serial shift register. The RDRF, IDLE, OR, NF, FE, PF, and RAF receive-related status
bits are cleared. 

5.2.9 Serial Peripheral Interface (SPI) 

The SPI system is disabled by reset. The port pins associated with this function default
to being general-purpose I/O lines. 

5.2.10 Analog-to-Digital Converter

The A/D converter configuration is indeterminate after reset. The ADPU bit is cleared
by reset, which disables the A/D system. The conversion complete flag is cleared by
reset. 

5.2.11 System

The EEPROM programming controls are disabled, so the memory system is config-
ured for normal read operation. PSEL[3:0] are initialized with the binary value %0101,
causing the external IRQ pin to have the highest I-bit interrupt priority. The IRQ pin is
configured for level-sensitive operation (for wired-OR systems). The RBOOT, SMOD,
and MDA bits in the HPRIO register reflect the status of the MODB and MODA inputs
at the rising edge of reset. The DLY control bit is set to specify that an oscillator start-
up delay is imposed upon recovery from STOP mode. The clock monitor system is dis-
abled because CME and FCME are cleared. 

5.3 Reset and Interrupt Priority

Resets and interrupts have a hardware priority that determines which reset or interrupt
is serviced first when simultaneous requests occur. Any maskable interrupt can be giv-
en priority over other maskable interrupts. 

The first six interrupt sources are not maskable. The priority arrangement for these
sources is as follows:
RESETS AND INTERRUPTS MC68HC11F1
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Figure 5-2  Processing Flow Out of Reset (2 of 2)

ANY I BIT
INTERRUPT

PENDING
?

STACK CPU
REGISTERS

SET X AND I BITS

FETCH VECTOR
$FFE6, FFE7

YES

1A

1B

YES

NO

STACK CPU
REGISTERS

SET X AND I BITS

FETCH VECTOR
$FFE8, FFE9

FETCH OPCODE

STACK CPU
REGISTERS

STACK CPU
REGISTERS

SET I BIT

EXECUTE THIS
INSTRUCTION

RESTORE CPU
REGISTERS

FROM STACK

RESOLVE INTERRUPT
PRIORITY AND FETCH

VECTOR FOR HIGHEST
PENDING SOURCE

(REFER TO FIGURE 5-2)

START NEXT
INSTRUCTION

SEQUENCE

YES

YES

YES

YES

YES

NO

I BIT IN
CCR SET

?

NO

ILLEGAL
OPCODE

?

NO

WAI
?

NO

SWI
?

NO

RTI
?

NO

INTERRUPT
YET

?

RESETS AND INTERRUPTS

TECHNICAL DATA 5-13
  

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



    
F

re
e

sc
a

le
 S

e
m

ic
o

n
d

u
c

to
r,

 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.
n

c
..

.

SECTION 7 SERIAL COMMUNICATIONS INTERFACE
The serial communications interface (SCI) is a universal asynchronous receiver trans-
mitter (UART), one of two independent serial I/O subsystems in the MC68HC11F1
MCU. It has a standard nonreturn to zero (NRZ) format (one start bit, eight or nine data
bits, and one stop bit). Several baud rates are available. The SCI transmitter and re-
ceiver are independent, but use the same data format and bit rate.

7.1 Data Format

The serial data format requires the following conditions:

1. An idle-line in the high state before transmission or reception of a message.
2. A start bit, logic zero, transmitted or received, that indicates the start of each

character.
3. Data that is transmitted and received least significant bit (LSB) first.
4. A stop bit, logic one, 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 (defined as the transmission or reception of a logic zero for some mul-

tiple number of frames).

Selection of the word length is controlled by the M bit of SCI control register SCCR1.

7.2 Transmit Operation

The SCI transmitter includes a parallel transmit data register (SCDR) and a serial shift
register. The contents of the serial shift register can only be written through the SCDR.
This double buffered operation allows a character to be shifted out serially while an-
other character is waiting in the SCDR to be transferred into the serial shift register.
The output of the serial shift register is applied to TxD as long as transmission is in
progress or the transmit enable (TE) bit of serial communication control register 2
(SCCR2) is set. The block diagram, Figure 7-1, shows the transmit serial shift register
and the buffer logic at the top of the figure. 
SERIAL COMMUNICATIONS INTERFACE

TECHNICAL DATA 7-1
  

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



    
F

re
e

sc
a

le
 S

e
m

ic
o

n
d

u
c

to
r,

 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.
n

c
..

.

OR — Overrun Error Flag
OR is set if a new character is received before a previously received character is read
from SCDR. Clear the OR flag by reading SCSR and then reading SCDR.

0 = No overrun
1 = Overrun detected 

NF — Noise Error Flag
NF is set if majority sample logic detects anything other than a unanimous decision.
Clear NF by reading SCSR and then reading SCDR. 

0 = Unanimous decision
1 = Noise detected

FE — Framing Error
FE is set when a zero is detected where a stop bit was expected. Clear the FE flag by
reading SCSR and then reading SCDR.

0 = Stop bit detected
1 = Zero detected

Bit 0 — Not implemented
Always reads zero

7.6.5 Baud Rate Register 

Use this register to select different baud rates for the SCI system. The SCP[1:0] bits
select the prescaler rate for the SCR[2:0] bits. Together, these five bits provide multi-
ple baud rate combinations for a given crystal frequency. Normally, this register is writ-
ten once during initialization. The prescaler is set to its fastest rate by default out of
reset, and can be changed at any time. Refer to Table 7-1 and Table 7-2 for normal
baud rate selections.

TCLR — Clear Baud Rate Counters (Test)

SCP[1:0] — SCI Baud Rate Prescaler Selects
Refer to the SCI baud rate generator block diagram. 

BAUD — Baud Rate $102B

Bit 7 6 5 4 3 2 1 Bit 0
TCLR — SCP1 SCP0 RCKB SCR2 SCR1 SCR0

RESET: 0 0 0 0 0 U U U

Table 7-1 Baud Rate Prescaler Selection

Prescaler Divide Internal Crystal Frequency (MHz)
SCP1 SCP0 Clock By 4.0 4.9152 8.0 12.0 16.0 20.0

0 0 1 62500 76800 125000 187500 25000 312500
0 1 3 20833 25600 41667 62500 83332 104165
1 0 4 15625 19200 31250 46875 62500 78125
1 1 13 4800 5907 9600 14423 19200 24000
SERIAL COMMUNICATIONS INTERFACE MC68HC11F1
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SECTION 8 SERIAL PERIPHERAL INTERFACE
The serial peripheral interface (SPI), an independent serial communications sub-
system, allows the MCU to communicate synchronously with peripheral devices, such
as transistor-transistor logic (TTL) shift registers, liquid crystal display (LCD) drivers,
analog-to-digital converter subsystems, and other microprocessors. The SPI is also
capable of inter-processor communication in a multiple master system. The SPI sys-
tem can be configured as either a master or a slave device. When configured as a
master, data transfer rates can be as high as one-half the E-clock rate (2.5 Mbits per
second for a 5-MHz bus frequency). When configured as a slave, data transfers can
be as fast as the E-clock rate (5 Mbits per second for a 5-MHz bus frequency).

8.1 Functional Description

The central element in the SPI system is the block containing the shift register and the
read data buffer. The system is single buffered in the transmit direction and double
buffered in the receive direction. This means that new data for transmission cannot be
written to the shifter until the previous transfer is complete; however, received data is
transferred into a parallel read data buffer so the shifter is free to accept a second se-
rial character. As long as the first character is read out of the read data buffer before
the next serial character is ready to be transferred, no overrun condition occurs. A sin-
gle MCU register address is used for reading data from the read data buffer and for
writing data to the shifter. 

The SPI status block represents the SPI status flags (transfer complete, write collision,
and mode fault) located in the SPI status register (SPSR). The SPI control block rep-
resents those functions that control the SPI system through the serial peripheral con-
trol register (SPCR). 

Refer to Figure 8-1, which shows the SPI block diagram. 
SERIAL PERIPHERAL INTERFACE
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SPIE — Serial Peripheral Interrupt Enable
Set the SPE bit to one to request a hardware interrupt sequence each time the SPIF
or MODF status flag is set. SPI interrupts are inhibited if this bit is clear or if the I bit in
the condition code register is one.   

0 = SPI system interrupts disabled
1 = SPI system interrupts enabled

SPE — Serial Peripheral System Enable
When the SPE bit is set, the port D bit 2, 3, 4, and 5 pins are dedicated to the SPI func-
tion. If the SPI is in the master mode and DDRD bit 5 is set, then the port D bit 5 pin
becomes a general-purpose output instead of the SS input. 

0 = SPI system disabled
1 = SPI system enabled

DWOM — Port D Wired-OR Mode 
DWOM affects all port D pins.

0 = Normal CMOS outputs
1 = Open-drain outputs

MSTR — Master Mode Select
0 = Slave mode 
1 = Master mode 

CPOL — Clock Polarity 
When the clock polarity bit is cleared and data is not being transferred, the SCK pin of
the master device has a steady state low value. When CPOL is set, SCK idles high.
Refer to Figure 8-2 and 8.2.1 Clock Phase and Polarity Controls. 

CPHA — Clock Phase 
The clock phase bit, in conjunction with the CPOL bit, controls the clock-data relation-
ship between master and slave. The CPHA bit selects one of two different clocking
protocols. Refer to Figure 8-2 and 8.2.1 Clock Phase and Polarity Controls. 

SPR[1:0] — SPI Clock Rate Selects
These two bits select the SPI clock (SCK) rate when the device is configured as mas-
ter. When the device is configured as slave, these bits have no effect. Refer to Table
8-1. 

Table 8-1 SPI Clock Rates

SPR[1:0]
E Clock

Divide By
Frequency at 

E = 2 MHz
Frequency at 

E = 3 MHz
Frequency at 

E = 4 MHz
Frequency at 

E = 5 MHz
0 0 2 1.0 MHz 1.5 MHz 2.0 MHz 2.5 MHz
0 1 4 500 kHz 750 kHz 1.0 MHz 625 kHz
1 0 16 125 kHz 187.5 kHz 250 kHz 156.25 kHz
1 1 32 62.5 kHz 93.7 kHz 125 kHz 78.125 kHz
SERIAL PERIPHERAL INTERFACE MC68HC11F1
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Figure 9-1  Timer Clock Divider Chains
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OC1M[7:3] — Output Compare Masks
0 = OC1 is disabled. 
1 = OC1 is enabled to control the corresponding pin of port A

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

9.3.4 Output Compare Data Register

Use this register with OC1 to specify the data that is to be stored on the affected pin
of port A after a successful OC1 compare. When a successful OC1 compare occurs,
a data bit in OC1D is stored in the corresponding bit of port A for each bit that is set in
OC1M. 

If OC1Mx is set, data in OC1Dx is output to port A bit x on successful OC1 compares.

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

9.3.5 Timer Counter Register

The 16-bit read-only TCNT register contains the prescaled value of the 16-bit timer. A
full counter read addresses the most significant byte (MSB) first. A read of this address
causes the least significant byte (LSB) to be latched into a buffer for the next CPU cy-
cle so that a double-byte read returns the full 16-bit state of the counter at the time of
the MSB read cycle. 

TCNT resets to $0000. In normal modes, TCNT is a read-only register.

9.3.6 Timer Control Register 1

The bits of this register specify the action taken as a result of a successful OCx com-
pare. 

OC1M — Output Compare 1 Mask $100C

Bit 7 6 5 4 3 2 1 Bit 0
OC1M7 OC1M6 OC1M5 OC1M4 OC1M3 — — —

RESET: 0 0 0 0 0 0 0 0

OC1D — Output Compare 1 Data $100D

Bit 7 6 5 4 3 2 1 Bit 0
OC1D7 OC1D6 OC1D5 OC1D4 OC1D3 — — —

RESET: 0 0 0 0 0 0 0 0

TCNT — Timer Counter $100E, $100F

$100E Bit 15 14 13 12 11 10 9 Bit 8 TCNT (High)
$100F Bit 7 6 5 4 3 2 1 Bit 0 TCNT (Low)
TIMING SYSTEM
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SECTION 10 ANALOG-TO-DIGITAL CONVERTER
The analog-to-digital (A/D) system, a successive approximation converter, uses an all-
capacitive charge redistribution technique to convert analog signals to digital values. 

10.1 Overview

The A/D system is an 8-channel, 8-bit, multiplexed-input converter. The AVDD pin is
used to input supply voltage to the A/D converter. This allows the supply voltage to be
bypassed independently. The converter does not require external sample and hold cir-
cuits because of the type of charge redistribution technique used. A/D converter timing
can be synchronized to the system E clock, or to an internal resistor capacitor (RC)
oscillator. The A/D converter system consists of four functional blocks: multiplexer, an-
alog converter, digital control, and result storage. Refer to Figure 10-1. 

10.1.1 Multiplexer

The multiplexer selects one of 16 inputs for conversion. Input selection is controlled by
the value of bits CD–CA in the ADCTL register. The eight port E pins are fixed-direc-
tion analog inputs to the multiplexer, and internal analog signal lines are routed to it. 
ANALOG-TO-DIGITAL CONVERTER
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 NOTES:
1 This is an approximate value, neglecting PI/O.
2. For most applications PI/O « PINT and can be neglected.
3. K is a constant pertaining to the device. Solve for K with a known TA and a measured PD (at equilibrium. Use

this value of K to solve for PD and TJ iteratively for any value of TA

Table A-2 Thermal Characteristics

Characteristic Symbol Value Unit

Average Junction Temperature TJ TA + (PD x QJA) °C
Ambient Temperature TA User-determined °C
Package Thermal Resistance (Junction-to-Ambient)
68-Pin Plastic Leaded Chip Carrier
80-Pin Low Profile Quad Flat Pack (LQFP, 1.4 mm Thick)

QJA
50
80

°C/W
°C/W

Total Power Dissipation (Note 1) PD PINT + PI/O
K / (TJ + 273°C)

W

Device Internal Power Dissipation PINT IDD x VDD W

I/O Pin Power Dissipation (Note 2) PI/O User-determined W

A Constant (Note 3) K PD x (TA + 273°C) + 
QJA x PD

2 
W x °C
ELECTRICAL CHARACTERISTICS MC68HC11F1
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Figure A-6  Interrupt Timing Diagram
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NOTES:
1. For fop < 2 MHz, source impedances should equal approximately 10 kΩ. For fop ≥ 2 MHz, source impedances

should equal approximately 5 kΩ – 10 kΩ. Source impedances greater than 10 kΩ affect accuracy adversely be-
cause of input leakage.

2. Performance verified down to 2.5 V ∆VR, but accuracy is tested and guaranteed at ∆VR = 5 V ± 10%

Table A-6 Analog-To-Digital Converter Characteristics
VDD = 5.0 Vdc ± 5%, VSS = 0 Vdc, TA = TL to TH, 750 kHz ≤ E ≤ 3.0 MHz, unless otherwise noted

haracteristic Parameter Min Absolute 2.0 MHz 3.0 MHz 4.0 MHz Uni

Max Max Max

solution Number of Bits Resolved by A/D Converter — 8 — — — Bits

n-Linearity Maximum Deviation from the Ideal A/D Transfer 
Characteristics

— — ± 1 ± 1 ± 1 LSB

ro Error Difference Between the Output of an Ideal and 
an Actual for Zero Input Voltage

— — ± 1 ± 1 ± 1 LSB

ll Scale Error Difference Between the Output of an Ideal and 
an Actual A/D for Full-Scale Input Voltage

— — ± 1 ± 1 ± 1 LSB

tal Unadjusted 
ror

Maximum Sum of Non-Linearity, Zero Error, and 
Full-Scale Error

— — ± 1/2 ± 1 1/2 ± 1 1/2 LSB

antization 
ror

Uncertainty Because of Converter Resolution — — ± 1/2 ± 1/2 ± 1/2 LSB

solute 
curacy

Difference Between the Actual Input Voltage and 
the Full-Scale Weighted Equivalent of the Binary 
Output Code, All Error Sources Included

— — ± 1 ± 2 ± 2 LSB

nversion 
nge

Analog Input Voltage Range VRL — VRH VRH VRH V

H Maximum Analog Reference Voltage 
(Note 2)

VRL — VDD + 
0.1

VDD + 
0.1

VDD + 
0.1

V

L Minimum Analog Reference Voltage 
(Note 2)

VSS –0.1 — VRH VRH VRH V

R Minimum Difference between VRH and VRL 
(Note 2)

3 — — — — V

nversion
e

Total Time to Perform a Single 
Analog-to-Digital Conversion:

E Clock
Internal RC Oscillator

—
—

32
—

—
tcyc + 32

—
tcyc + 32

—
tcyc + 32

tcyc
µs

notonicity Conversion Result Never Decreases with an 
Increase in Input Voltage and has no Missing 
Codes

Guaranteed

ro Input 
ading

Conversion Result when Vin = VRL 00 — — — — Hex

ll Scale 
ading

Conversion Result when Vin = VRH — — FF FF FF Hex

mple 
quisition Time

Analog Input Acquisition Sampling Time:
E Clock

Internal RC Oscillator
—
—

12
—

—
12

—
12

—
12

tcyc
µs

mple/Hold 
pacitance

Input Capacitance during Sample PE[7:0] — 20 (Typ) — — — pF

ut Leakage Input Leakage on A/D Pins PE[7:0]
VRL, VRH

—
—

—
—

400
1.0

400
1.0

400
1.0

nA
µA
ELECTRICAL CHARACTERISTICS
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APPENDIX CDEVELOPMENT SUPPORT

C.1 MC68HC11F1 Development Tools

The following table and text provide a reference to development tools for the
MC68HC11F1 microcontrollers. For more complete information refer to the appropri-
ate manual for each system.

* For MC68HC11F1 support, the MMDS11 must be used with an MC68HC11F1 emulator module. 

C.2 MC68HC11EVS — Evaluation System

The EVS is an economical tool for designing, debugging, and evaluating target sys-
tems based on the MC68HC11F1 MCU. The two printed circuit boards that comprise
the EVS are the MC68HC11F1EM emulator module (EM) and the M68HC11PFB plat-
form board (PFB).

• Monitor/debugger firmware
• One-line assembler/disassembler
• Host computer download capability
• Dual memory maps:

—  64 Kbyte monitor map that includes 16 Kbytes of monitor EPROM
—  MC68HC11F1 user map that includes 64 Kbytes of emulation RAM

• OTPROM, EPROM, and EEPROM MCU programmer
• MCU extension I/O port for single-chip, expanded, and special-test operation

modes
• RS-232C terminal and host I/O ports
• Logic analyzer connector

C.3 M68MMDS11 — Modular Development System for M68HC11 Devices

The M68MMDS11 Freescale Modular Development System (MMDS11) is a tool for de-
veloping embedded systems based on M68HC11 MCUs. The MMDS11 is an emulator
system that provides an on-screen bus state analyzer and real-time memory monitor-
ing windows. An integrated design environment includes an editor, an assembler, the
user interface, and source-level debug capability. These features significantly reduce
the time necessary to develop and debug an embedded MCU system. The compact
unit requires minimum space.

• Real-time, non-intrusive, in-circuit emulation
• Assembly-language source-level debugging

Table C-1 MC68HC11F1 Development Tools

Device Evaluation Systems Modular Development Systems
MC68HC11F1 M68HC11F1EVS MMDS11*
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