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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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Figure 3-5  MC68HC16Z1/CKZ1/CMZ1/Z2/Z3 Pin Assignments for 144-Pin Package
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Figure 3-6  MC68HC16Z4/CKZ4 Pin Assignments for 132-Pin Package
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Table 5-5 16.78-MHz System Clock Frequencies
(Shaded cells represent values that exceed 16.78 MHz specifications.)

Modulus Prescaler

Y [W:X] = 00
(fVCO = 2 × Value)

[W:X] = 01
(fVCO = Value)

[W:X] = 10
(fVCO = 2 × Value)

[W:X] = 11
(fVCO = Value)

000000 131 kHz 262 kHz 524 kHz 1049 kHz

000001 262 524 1049 2097

000010 393 786 1573 3146

000011 524 1049 2097 4194

000100 655 1311 2621 5243

000101 786 1573 3146 6291

000110 918 1835 3670 7340

000111 1049 2097 4194 8389

001000 1180 2359 4719 9437

001001 1311 2621 5243 10486

001010 1442 2884 5767 11534

001011 1573 3146 6291 12583

001100 1704 3408 6816 13631

001101 1835 3670 7340 14680

001110 1966 3932 7864 15729

001111 2097 4194 8389 16777

010000 2228 4456 8913 17826

010001 2359 4719 9437 18874

010010 2490 4981 9961 19923

010011 2621 5243 10486 20972

010100 2753 5505 11010 22020

010101 2884 5767 11534 23069

010110 3015 6029 12059 24117

010111 3146 6291 12583 25166

011000 3277 6554 13107 26214

011001 3408 6816 13631 27263

011010 3539 7078 14156 28312

011011 3670 7340 14680 29360

011100 3801 7602 15204 30409

011101 3932 7864 15729 31457

011110 4063 8126 16253 32506

011111 4194 8389 16777 33554
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Descriptions are made in terms of individual system clock states, labelled {S0, S1,
S2,..., SN}. The designation “state” refers to the logic level of the clock signal, and
does not correspond to any implemented machine state. A clock cycle consists of two
successive states. Refer to APPENDIX A ELECTRICAL CHARACTERISTICS for
more information on clock control timing.

Bus cycles terminated by DSACK assertion normally require a minimum of three
CLKOUT cycles. To support systems that use CLKOUT to generate DSACK and other
inputs, asynchronous input setup time and asynchronous input hold times are speci-
fied. When these specifications are met, the MCU is guaranteed to recognize the ap-
propriate signal on a specific edge of the CLKOUT signal.

5.6.2 Regular Bus Cycle

The following paragraphs contain a discussion of cycles that use external bus control
logic. Refer to 5.6.3 Fast Termination Cycles for information about fast termination
cycles.

To initiate a transfer, the MCU asserts an address and the SIZ[1:0] signals. The SIZ
signals and ADDR0 are externally decoded to select the active portion of the data bus.
Refer to 5.5.2 Dynamic Bus Sizing . When AS, DS, and R/W are valid, a peripheral
device either places data on the bus (read cycle) or latches data from the bus (write
cycle), then asserts a DSACK[1:0] combination that indicates port size.

The DSACK[1:0] signals can be asserted before the data from a peripheral device is
valid on a read cycle. To ensure valid data is latched into the MCU, a maximum period
between DSACK assertion and DS assertion is specified.

There is no specified maximum for the period between the assertion of AS and
DSACK. Although the MCU can transfer data in a minimum of three clock cycles when
the cycle is terminated with DSACK, the MCU inserts wait cycles in clock period incre-
ments until either DSACK signal goes low.

If bus termination signals remain unasserted, the MCU will continue to insert wait
states, and the bus cycle will never end. If no peripheral responds to an access, or if
an access is invalid, external logic should assert the BERR or HALT signals to abort
the bus cycle (when BERR and HALT are asserted simultaneously, the CPU16 acts
as though only BERR is asserted). When enabled, the SIM bus monitor asserts BERR
when DSACK response time exceeds a predetermined limit. The bus monitor time-out
period is determined by the BMT[1:0] field in SYPCR. The maximum bus monitor time-
out period is 64 system clock cycles.

5.6.2.1 Read Cycle

During a read cycle, the MCU transfers data from an external memory or peripheral
device. If the instruction specifies a long-word or word operation, the MCU attempts to
read two bytes at once. For a byte operation, the MCU reads one byte. The portion of
the data bus from which each byte is read depends on operand size, peripheral ad-
dress, and peripheral port size. Figure 5-12 is a flowchart of a word read cycle. Refer
to 5.5.2 Dynamic Bus Sizing , 5.5.4 Misaligned Operands , and the SIM Reference
Manual (SIMRM/AD) for more information.
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USER’S MANUAL 5-37
  

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
..

.

The chip-select address compare logic uses only the most significant bits to match an
address within a block. The value of the base address must be an integer multiple of
the block size.

Because the logic state of ADDR[23:20] follows that of ADDR19 in the CPU16, maxi-
mum block size is 512 Kbytes, and addresses from $080000 to $F7FFFF are inacces-
sible.

After reset, the MCU fetches the initialization routine from the address contained in the
reset vector, located beginning at address $000000 of program space. To support
bootstrap operation from reset, the base address field in the boot chip-select base ad-
dress register (CSBARBT) has a reset value of $000, which corresponds to a base ad-
dress of $000000 and a block size of 512 Kbytes. A memory device containing the
reset vector and initialization routine can be automatically enabled by CSBOOT after
a reset. Refer to 5.9.4 Chip-Select Reset Operation  for more information.

5.9.1.3 Chip-Select Option Registers

Option register fields determine timing of and conditions for assertion of chip-select
signals. To assert a chip-select signal, and to provide DSACK or autovector support,
other constraints set by fields in the option register and in the base address register
must also be satisfied. The following paragraphs summarize option register functions.
Refer to D.2.21 Chip-Select Option Registers  for register and bit field information.

The MODE bit determines whether chip-select assertion simulates an asynchronous
bus cycle, or is synchronized to the M6800-type bus clock signal ECLK available on
ADDR23. Refer to 5.3 System Clock for more information on ECLK.

BYTE[1:0] controls bus allocation for chip-select transfers. Port size, set when a chip-
select is enabled by a pin assignment register, affects signal assertion. When an 8-bit
port is assigned, any BYTE field value other than %00 enables the chip-select signal.
When a 16-bit port is assigned, however, BYTE field value determines when the chip-
select is enabled. The BYTE fields for CS[10:0] are cleared during reset. However,
both bits in the boot ROM chip-select option register (CSORBT) BYTE field are set
(%11) when the RESET signal is released.

R/W[1:0] causes a chip-select signal to be asserted only for a read, only for a write, or
for both read and write. Use this field in conjunction with the STRB bit to generate
asynchronous control signals for external devices.

The STRB bit controls the timing of a chip-select assertion in asynchronous mode. Se-
lecting address strobe causes a chip-select signal to be asserted synchronized with
the address strobe. Selecting data strobe causes a chip-select signal to be asserted
synchronized with the data strobe. This bit has no effect in synchronous mode.

DSACK[3:0] specifies the source of DSACK in asynchronous mode. It also allows the
user to optimize bus speed in a particular application by controlling the number of wait
states that are inserted.

NOTE

The external DSACK pins are always active.
SYSTEM INTEGRATION MODULE M68HC16 Z SERIES
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Error-detection logic is included to support interprocessor interfacing. A write-collision
detector indicates when an attempt is made to write data to the serial shift register
while a transfer is in progress. A multiple-master mode-fault detector automatically dis-
ables SPI output drivers if more than one MCU simultaneously attempts to become
bus master.

10.3.1 SPI Registers

SPI control registers include the SPI control register (SPCR), the SPI status register
(SPSR), and the SPI data register (SPDR). Refer to D.7.13 SPI Control Register ,
D.7.14 SPI Status Register , and D.7.15 SPI Data Register for register bit and field
definitions.

10.3.1.1 SPI Control Register (SPCR)

The SPCR contains parameters for configuring the SPI. The register can be read or
written at any time.

10.3.1.2 SPI Status Register (SPSR)

The SPSR contains SPI status information. Only the SPI can set the bits in this regis-
ter. The CPU reads the register to obtain status information.

10.3.1.3 SPI Data Register (SPDR)

The SPDR is used to transmit and receive data on the serial bus. A write to this register
in the master device initiates transmission or reception of another byte or word. After
a byte or word of data is transmitted, the SPIF status bit is set in both the master and
slave devices.

A read of the SPDR actually reads a buffer. If the first SPIF is not cleared by the time
a second transfer of data from the shift register to the read buffer is initiated, an over-
run condition occurs. In cases of overrun the byte or word causing the overrun is lost.

A write to the SPDR is not buffered and places data directly into the shift register for
transmission.

10.3.2 SPI Pins

Four bidirectional pins are associated with the SPI. The MPAR configures each pin for
either SPI function or general-purpose I/O. The MDDR assigns each pin as either input
or output. The WOMP bit in the SPI control register (SPCR) determines whether each
SPI pin that is configured for output functions as an open-drain output or a normal
CMOS output. The MDDR and WOMP assignments are valid regardless of whether
the pins are configured for SPI use or general-purpose I/O.

The operation of pins configured for SCI use depends on whether the SCI is operating
as a master or a slave, determined by the MSTR bit in the SPCR.

Table 10-3  shows SPI pins and their functions.
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The state of the serial shifter is checked when the TE bit is set. If TC = 1, an idle frame
is transmitted as a preamble to the following data frame. If TC = 0, the current opera-
tion continues until the final bit in the frame is sent, then the preamble is transmitted.
The TC bit is set at the end of preamble transmission.

The SBK bit in SCCR1 is used to insert break frames in a transmission. A non-zero
integer number of break frames is transmitted while SBK is set. Break transmission
begins when SBK is set, and ends with the transmission in progress at the time either
SBK or TE is cleared. If SBK is set while a transmission is in progress, that transmis-
sion finishes normally before the break begins. To assure the minimum break time,
toggle SBK quickly to one and back to zero. The TC bit is set at the end of break trans-
mission. After break transmission, at least one bit-time of logic level one (mark idle) is
transmitted to ensure that a subsequent start bit can be detected.

If TE remains set, after all pending idle, data and break frames are shifted out, TDRE
and TC are set and TXD is held at logic level one (mark).

When TE is cleared, the transmitter is disabled after all pending idle, data, and break
frames are transmitted. The TC flag is set, and control of the TXD pin reverts to MPAR
and MDDR. Buffered data is not transmitted after TE is cleared. To avoid losing data
in the buffer, do not clear TE until TDRE is set.

Some serial communication systems require a mark on the TXD pin even when the
transmitter is disabled. Configure the TXD pin as an output, then write a one to PQS7.
When the transmitter releases control of the TXD pin, it reverts to driving a logic one
output.

To insert a delimiter between two messages, to place non-listening receivers in wake-
up mode between transmissions, or to signal a retransmission by forcing an idle line,
clear and then set TE before data in the serial shifter has shifted out. The transmitter
finishes the transmission, then sends a preamble. After the preamble is transmitted, if
TDRE is set, the transmitter will mark idle. Otherwise, normal transmission of the next
sequence will begin.

Both TDRE and TC have associated interrupts. The interrupts are enabled by the
transmit interrupt enable (TIE) and transmission complete interrupt enable (TCIE) bits
in SCCR1. Service routines can load the last byte of data in a sequence into SCDR,
then terminate the transmission when a TDRE interrupt occurs.

10.4.5.6 Receiver Operation

The RE bit in SCCR1 enables (RE = 1) and disables (RE = 0) the receiver. The receiv-
er contains a receive serial shifter and a parallel receive data register (RDR) located
in the SCI data register (SCDR). The serial shifter cannot be directly accessed by the
CPU16. The receiver is double-buffered, allowing data to be held in the RDR while oth-
er data is shifted in.

Receiver bit processor logic drives a state machine that determines the logic level for
each bit-time. This state machine controls when the bit processor logic is to sample
the RXD pin and also controls when data is to be passed to the receive serial shifter.
MULTICHANNEL COMMUNICATION INTERFACE M68HC16 Z SERIES
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Figure 11-4  Input Capture Timing Example

An input capture occurs every time a selected edge is detected, even when the input
capture status flag is set. This means that the value read from the input capture regis-
ter corresponds to the most recent edge detected, which may not be the edge that
caused the status flag to be set.

11.8.3 Output Compare Functions

Each GPT output compare pin has an associated 16-bit compare register and a 16-bit
comparator. Each output compare function has an associated status flag, and can
cause the GPT to make an interrupt service request. Output compare logic is designed
to prevent false compares during data transition times.

When the programmed content of an output compare register matches the value in
TCNT, an output compare status flag (OCxF) bit in TFLG1 is set. If the appropriate in-
terrupt enable bit (OCxI) in TMSK1 is set, an interrupt request is made when a match
occurs. Refer to 11.4.2 GPT Interrupts  for more information.

Operation of output compare 1 differs from that of the other output compare functions.
OC1 control logic can be programmed to make state changes on other OC pins when
an OC1 match occurs. Control bits in the timer compare force register (CFORC) allow
for early forced compares.

16/32 IC TIM

CAPTURE/COMPARE
CLOCK

CAPTURE REGISTER $0102

SYNCHRONIZER
OUTPUT

ICxF FLAG

EXTERNAL PIN

TCNT $0102$0101

F         (PHI1)1clock

PHI1 IS THE SAME FREQUENCY AS THE SYSTEM CLOCK; HOWEVER, IT DOES NOT HAVE THE SAME TIMING.
NOTES:
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Figure 11-5  Pulse Accumulator Block Diagram

In event counting mode, the counter increments each time a selected transition of the
pulse accumulator input (PAI) pin is detected. The maximum clocking rate is the sys-
tem clock divided by four.

In gated time accumulation mode a clock increments PACNT while the PAI pin is in
the active state. There are four possible clock sources.

Two bits in the TFLG2 register show pulse accumulator status. The pulse accumulator
flag (PAIF) indicates that a selected edge has been detected at the PAI pin. The pulse
accumulator overflow flag (PAOVF) indicates that the pulse accumulator count has
rolled over from $FF to $00. This can be used to extend the range of the counter be-
yond eight bits.

EDGE
DETECT
LOGIC PACNT

  8-BIT COUNTER
2:1

MUX

PAI

ENABLE

OVERFLOW

10

11

INTERRUPT
REQUESTS

INTERNAL
DATA BUS

SYNCHRONIZER
&

DIGITAL FILTER

PACTL

TFLG2TMSK2

MUX

PCLK
TCNT OVERFLOW

CAPTURE/COMPARE CLK
 PRESCALER  512

PA
O

VI

PA
II

PA
IS

PA
EN

PA
M

O
D

PE
D

G
E

PC
LK

S

PA
C

LK
1

PA
C

LK
0

PA
O

VF

PA
IF

16/32 PULSE ACC BLOCK
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Table A-5 Typical Ratings, 25.17-MHz

Num Rating Symbol Value Unit

1 Supply Voltage VDD 5.0 V

2 Operating Temperature TA 25 °C

3

VDD Supply Current
RUN
LPSTOP, VCO off
LPSTOP, External clock, max fsys

IDD
110
125
3.75

mA
µA
mA

4 Clock Synthesizer Operating Voltage V
DDSYN

5.0 V

5

VDDSYN Supply Current
VCO on, maximum fsys
External Clock, maximum fsys
LPSTOP, VCO off
VDD powered down

I
DDSYN

1.0
5.0
100
50

mA
mA
µA
µA

6 RAM Standby Voltage VSB
5.0 V

7
RAM Standby Current

Normal RAM operation
Standby operation

ISB 1.0
1.0

µA
µA

8 Power Dissipation PD 555 mW
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Figure A-7  Fast Termination Write Cycle Timing Diagram

CLKOUT

S0 S1 S4 S5 S0
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9
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ADDR[23:0]
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DATA[15:0]
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8

BKPT

100 101
IPIPE0

IPIPE1

PHASE 1
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46A
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24 18
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NOTE

When changing a port E pin from an output to an input, the pin will
drive high for approximately four milliseconds. This ensures that the
shared bus control signal will be in a negated state before the pin be-
comes an input.

D.2.8 Port E Pin Assignment Register

This register determines the function of port E pins. Setting a bit assigns the corre-
sponding pin to a bus control signal; clearing a bit assigns the pin to I/O port E. PE3 is
not connected to a pin. PEPA3 can be read and written, but has no function. Bits [15:8]
are unimplemented and will always read zero.

Table D-4  displays port E pin assignments.

D.2.9 Port F Data Register

This register can be accessed in two locations and can be read or written at any time.
A write to this register is stored in an internal data latch, and if any pin in the corre-

PEPAR — Port E Pin Assignment $YFFA16
15 8 7 6 5 4 3 2 1 0

NOT USED PEPA7 PEPA6 PEPA5 PEPA4 PEPA3 PEPA2 PEPA1 PEPA0

RESET:

DATA8 DATA8 DATA8 DATA8 DATA8 DATA8 DATA8 DATA8

Table D-4 Port E Pin Assignments

PEPAR Bit Port E Signal Bus Control Signal

PEPA7 PE7 SIZ1

PEPA6 PE6 SIZ0

PEPA5 PE5 AS

PEPA4 PE4 DS

PEPA3 PE3 —1

NOTES:
1. The CPU16 does not support the RMC function for this pin. This bit is not

connected to a pin for I/O usage.

PEPA2 PE2 AVEC

PEPA1 PE1 DSACK1

PEPA0 PE0 DSACK0

PORTF0 — Port F Data Register 0 $YFFA18
PORTF1 — Port F Data Register 1 $YFFA1A

15 8 7 6 5 4 3 2 1 0

NOT USED PF7 PF6 PF5 PF4 PF3 PF2 PF1 PF0

RESET:

U U U U U U U U
REGISTER SUMMARY M68HC16 Z SERIES
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SPACE[1:0] — Address Space Select
Use this option field to select an address space for chip-select assertion or to configure
a chip-select as an interrupt acknowledge strobe for an external device. The CPU16
normally operates in supervisor mode only, but interrupt acknowledge cycles take
place in CPU space. Table D-17  shows address space bit encodings.

IPL[2:0] — Interrupt Priority Level
When SPACE[1:0] is set for CPU space (%00), chip-select logic can be used as an
interrupt acknowledge strobe for an external device. During an interrupt acknowledge
cycle, the interrupt priority level is driven on address lines ADDR[3:1] and is then com-
pared to the value in IPL[2:0]. If the values match, an interrupt acknowledge strobe will
be generated on the particular chip-select pin, provided other option register condi-
tions are met. Table D-18  shows IPL[2:0] field encoding.

AVEC — Autovector Enable
This field selects one of two methods of acquiring an interrupt vector during an inter-
rupt acknowledge cycle. This field is not applicable when SPACE[1:0] = %00.

0 = External interrupt vector enabled
1 = Autovector enabled

If the chip select is configured to trigger on an interrupt acknowledge cycle
(SPACE[1:0] = %00) and the AVEC field is set to one, the chip-select automatically
generates AVEC and completes the interrupt acknowledge cycle. Otherwise, the vec-
tor must be supplied by the requesting external device to complete the IACK read
cycle.

Table D-17 Address Space Bit Encodings

SPACE[1:0] Address Space

00 CPU Space

01 User Space

10 Supervisor Space

11 Supervisor/User Space

Table D-18 Interrupt Priority Level Field Encoding

IPL[2:0] Interrupt Priority Level

000 Any Level1

NOTES:
1. Any level means that chip-select is assert-

ed regardless of the level of the interrupt
acknowledge cycle.

001 1

010 2

011 3

100 4

101 5

110 6

111 7
M68HC16 Z SERIES REGISTER SUMMARY
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D.7.8 MCCI Port Data Registers

Two registers are associated with port MCCI, the MCCI general-purpose I/O port. Pins
used for general-purpose I/O must be configured for that function. When using port
MCCI as an output port, after configuring the pins as I/O, write the first byte to be out-
put before writing to the MDDR. Afterwards, write to the MDDR to assign each I/O pin
as either input or output. This outputs the value contained in register PORTMC for all
pins defined as outputs. To output different data, write another byte to PORTMC.

Writes to PORTMC are stored in the internal data latch. If any bit of PORTMC is con-
figured as discrete output, the value latched for that bit is driven onto the pin. Reads
of PORTMC return the value of the pin only if the pin is configured as a discrete input.
Otherwise, the value read is the value of the latch.

Reads of PORTMCP always return the state of the pins regardless of whether the pins
are configured for input or output. Writes to PORTMCP have no effect.

D.7.9 SCI Control Register 0

SCCR0 contains the SCI baud rate selection field. Baud rate must be set before the
SCI is enabled. The CPU16 can read and write SCCR0 at any time. Changing the val-
ue of SCCR0 bits during a transfer operation can disrupt the transfer.

Bits [15:13] — Not Implemented

SCBR[12:0] — SCI Baud Rate
SCI baud rate is programmed by writing a 13-bit value to this field. Writing a value of
zero to SCBR disables the baud rate generator. Baud clock rate is calculated as fol-
lows:

PORTMC — MCCI Port Data Register $YFFC0C
PORTMCP — MCCI Port Pin State Register $YFFC0E

15 9 8 7 6 5 4 3 2 1 0

NOT USED PMC7 PMC6 PMC5 PMC5 PMC4 PMC3 PMC2 PMC1 PMC0

RESET:

U U U U U U U U U

SCCR0A — SCIA Control Register 0 $YFFC18
SCCR0B — SCIB Control Register 0 $YFFC28

15 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NOT USED SCBR[12:0]

RESET:

0 0 0 0 0 0 0 0 0 0 1 0 0
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PCLKS — PCLK Pin State (Read Only)

I4/O5 — Input Capture 4/Output Compare 5
0 = Output compare 5 enabled
1 = Input capture 4 enabled

PACLK[1:0] — Pulse Accumulator Clock Select (Gated Mode)
Table D-45  shows the PACLK[1:0] bit field effects.

PACNT — Pulse Accumulator Counter
Eight-bit read/write counter used for external event counting or gated time accumula-
tion.

D.8.8 Input Capture Registers 1–3

TIC[1:3] —  Input Capture Registers 1–3 $YFF90E – $YFF912

The input capture registers are 16-bit read-only registers used to latch the value of
TCNT when a specified transition is detected on the corresponding input capture pin.
They are reset to $FFFF.

D.8.9 Output Compare Registers 1–4

TOC[1:4] —  Output Compare Registers 1–4 $YFF914 – $YFF91A

The output compare registers are 16-bit read/write registers which can be used as out-
put waveform controls or as elapsed time indicators. For output compare functions,
they are written to a desired match value and compared against TCNT to control spec-
ified pin actions. They are reset to $FFFF.

Table D-44 PAMOD and PEDGE Effects

PAMOD PEDGE Effect

0 0 PAI falling edge increments counter

0 1 PAI rising edge increments counter

1 0 Zero on PAI inhibits counting

1 1 One on PAI inhibits counting

Table D-45 PACLK[1:0] Effects

PACLK[1:0] Pulse Accumulator Clock Selected

00 System clock divided by 512

01 Same clock used to increment TCNT

10 TOF flag from TCNT

11 External clock, PCLK
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D.8.13 Timer Interrupt Flag Registers 1 and 2

These registers show condition flags that correspond to GPT events. If the corre-
sponding interrupt enable bit in TMSK1/TMSK2 is set, an interrupt occurs.

I4/O5F — Input Capture 4/Output Compare 5 Flag
When I4/O5 in PACTL is zero, this flag is set each time TCNT matches the TOC5 val-
ue in TI4/O5. When I4/O5 in PACTL is one, the flag is set each time a selected edge
is detected at the I4/O5 pin.

OCF[4:1] — Output Compare Flags
An output compare flag is set each time TCNT matches the corresponding TOC reg-
ister. OCF[4:1] correspond to OC[4:1].

ICF[3:1] — Input Capture Flags
A flag is set each time a selected edge is detected at the corresponding input capture
pin. ICF[3:1] correspond to IC[3:1].

TOF — Timer Overflow Flag
This flag is set each time TCNT advances from a value of $FFFF to $0000.

PAOVF — Pulse Accumulator Overflow Flag
This flag is set each time the pulse accumulator counter advances from a value of $FF
to $00.

PAIF — Pulse Accumulator Flag
In event counting mode, this flag is set when an active edge is detected on the PAI pin.
In gated time accumulation mode, it is set at the end of the timed period.

D.8.14 Compare Force Register/PWM Control Register C

Setting a bit in CFORC causes a specific output on OC or PWM pins. PWMC sets
PWM operating conditions.

TFLG1/TFLG2 —  Timer Interrupt Flag Registers 1–2 $YFF922
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I4/O5F OCF[4:1] ICF[3:1] TOF 0 PAOVF PAIF 0 0 0 0

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CFORC — Compare Force Register/PWM Control Register $YFF924
15 11 10 9 8 7 6 4 3 2 1 0

FOC 0 FPWMA FPWMB PPROUT PPR SFA SFB F1A F1B

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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INITIALIZATION AND PROGRAMMING EXAMPLES M68HC16 Z SERIES
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