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The XTAL pin is normally left unterminated when an external CMOS compatible clock
is connected to the EXTAL pin. However, a 10 kQ to 100 kQ load resistor connected
from the XTAL output to ground can be used to reduce RFI noise emission.

The XTAL output is normally used to drive a crystal. The XTAL output can be buffered
with a high-impedance buffer, or it can be used to drive the EXTAL input of another
M68HC11 device. Refer to Figure 2-6.

In all cases, use caution when designing circuitry associated with the oscillator pins.
Load capacitances shown in the oscillator circuits include all stray layout capacitanc-
es. Refer to Figure 2-4, Figure 2-5, and Figure 2-6.

25 pF*

EXTAL

4xE

MCU CRYSTAL

XTAL

i

25 pF*

*Values include all stray capacitances.

Figure 2-4 Common Crystal Connections

CMOS-COMPATIBLE

EXTAL % EXTERNAL

OSCILLATOR
MCU
NC OR

XTAL — 10k-100k
LOAD %

Figure 2-5 External Oscillator Connections

25 pF* 920
EXTAL | EXTAL
FIRST 4XE SECOND
MCU 1M < crvstaL = NC OR MCU
XTAL ° H—«. 10k-100 k — XTAL
. LOAD
25 pF —

*Values include all stray capacitances.

Figure 2-6 One Crystal Driving Two MCUs

PIN DESCRIPTIONS MC68HC11F1
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7 0
| ACCUMULATOR A | A
7 0
| ACCUMULATOR B | s
15 0
| DOUBLE ACCUMULATOR D | o
15 0
| INDEX REGISTER X |
15 0
| INDEX REGISTER Y | v
15 0
| STACK POINTER | P
15 0
| PROGRAM COUNTER | rc
7 6 5 4 3 2 1 0
CONDITION CODEREGISTER | s | X | H | 1 [N |z | v ] c| ccn
L CARRY
OVERFLOW
ZERO
NEGATIVE
| INTERRUPT MASK

HALF-CARRY (FROM BIT 3)
X INTERRUPT MASK
STOP DISABLE

Figure 3-1 Programming Model

3.1.1 Accumulators A, B, and D

Accumulators A and B are general-purpose 8-bit registers that hold operands and re-
sults of arithmetic calculations or data manipulations. For some instructions, these two
accumulators are treated as a single double-byte (16-bit) accumulator called accumu-
lator D. Although most instructions can use accumulators A or B interchangeably, the
following exceptions apply:

The ABX and ABY instructions add the contents of 8-bit accumulator B to the contents
of 16-bitregister X or Y, but there are no equivalent instructions that use A instead of B.

The TAP and TPA instructions transfer data from accumulator A to the condition code
register, or from the condition code register to accumulator A, however, there are no
equivalent instructions that use B rather than A.

The decimal adjust accumulator A (DAA) instruction is used after binary-coded deci-
mal (BCD) arithmetic operations, but there is no equivalent BCD instruction to adjust
accumulator B.

CENTRAL PROCESSING UNIT MC68HC11F1
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Table 3-2 Instruction Set (Sheet 2 of 6)

Mnemonic Operation Description Addressing Instruction Condition Codes
Mode Opcode | Operand [ Cycles| S | X | H | | N | Z
BGT (rel) Branch if > ?Z+(NOV)=0 REL 2E |rr 3 - = = = = =
Zero
BHI (rel) Branch if ?2C+Z2=0 REL 22 |rr 3 LU [ —
Higher
BHS (rel) Branch if ?2C=0 REL 24 |rr 3 —_ = = = = =
Higher or
Same
BITA (opr) | Bit(s) TestA A*M A IMM 85 |ii 2 — — — —|n =&
with Memory A DIR 95 |dd 3
A EXT B5 |hh |l 4
A IND,X A5 |ff 4
A IND,Y 18 A5 | ff 5
BITB (opr) | Bit(s) Test B BeM B IMM C5 |ii 2 — — — —|n »a
with Memory B DIR D5 |dd 3
B EXT F5 |hh 1l 4
B IND,X E5 |ff 4
B IND,Y 18 E5 |ff 5
BLE (rel) Branch if A ?Z+(NOV)=1 REL 2F | 3 B
Zero
BLO (rel) Branch if ?C=1 REL 25 |rr 3 e
Lower
BLS (rel) Branch if ?2C+z2=1 REL 23 |rr 3 e
Lower or
Same
BLT (rel) Branch if < ?NOV=1 REL 2D |rr 3 —_ = = = = =
Zero
BMI (rel) Branch if ?N=1 REL 2B |rr 3 —_ = = = = ==
Minus
BNE (rel) Branch if not = ?22=0 REL 26 |rr 3 —_  —_ —_= = = =
Zero
BPL (rel) Branch if Plus ?N=0 REL 2A |rr 3 e
BRA (rel) Branch Always ?21=1 REL 20 |rr 3 U [ —
BRCLR(opr) Branch if ?2Memm=0 DIR 13 |dd mm rr 6 —_ = = = = =
(msk) | Bit(s) Clear IND,X 1F |[ff mm rr 7
(rel) IND,Y |18 1F |[ff mm rr 8
BRN (rel) Branch Never ?1=0 REL 21 |rr 3 - - - | = =
BRSET(opr) Branch if Bit(s) 2M)yemm=0 DIR 12 |dd mm rr 6 _ = = - = =
(msk) Set IND,X 1E |ff mm rr 7
(rel) IND,Y |18 1E |ff mm rr 8
BSET (opr) Set Bit(s) M+mmO M DIR 14 |dd mm 6 - = — — | A A
(msk) IND,X 1C |ff mm 7
IND,Y |18 1C |ff mm 8
BSR (rel) Branch to See Figure 3-2 REL 8D |rr 6 JERE UL U U —
Subroutine
BVC (rel) Branch if ?V=0 REL 28 |rr 3 —_ = = = = ==
Overflow Clear
BVS (rel) Branch if ?2v=1 REL 29 |rr 3 —_ = = = = -
Overflow Set
CBA Compare A to A-B INH 11 — 2 — — — — | A A
B
CLC Clear Carry Bit odcC INH ocC — 2 e e —
CLI Clear Interrupt o0 | INH OE — 2 - = - 0 —_- —
Mask
CLR (opr) Clear Memory o0 M EXT 7F |hh 1l 6 - — — — |0 1
Byte IND,X 6F |ff 6
IND,Y 18 6F |ff 7
CLRA Clear oo A A INH 4F — 2 - — — — 10 1
Accumulator A
CLRB Clear oo B B INH 5F — 2 - — — —1]0 1
Accumulator B
CLV Clear Overflow oo v INH 0A — 2 —_ — — = =
Flag
CMPA (opr) | Compare A to A-M A IMM 81 |ii 2 - — — — ] A A
Memory A DIR 91 |dd 3
A EXT B1 |hh 1l 4
A IND,X Al |ff 4
A IND,Y 18 Al |ff 5
CMPB (opr) | Compare B to B-M B IMM C1 |ii 2 - — — — ] A A
Memory B DIR D1 |dd 3
B EXT F1 |hh 1l 4
B IND,X E1 |ff 4
B IND,Y 18 E1l |ff 5
CENTRAL PROCESSING UNIT MC68HC11F1
3-10 TECHNICAL DATA

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




Freescale Semiconductor, Inc.

SECTION 40PERATING MODES AND ON-CHIP MEMORY

This section contains information about the modes that define MC68HC11F1 operat-
ing conditions, and about the on-chip memory that allows the MCU to be configured
for various applications.

4.1 Operating Modes

The values of the mode select inputs MODB and MODA during reset determine the
operating mode. Single chip and expanded modes are the normal modes. In single-
chip mode only on-board resources are available. Expanded mode, however, allows
access to external memory or peripheral devices. Each of these two normal modes is
paired with a special mode. Bootstrap mode, a variation of the single-chip mode, exe-
cutes a bootloader program from an internal bootstrap ROM. Test mode allows privi-
leged access to internal resources.

4.1.1 Single-Chip Operating Mode

In single-chip operating mode, the MC68HC11F1 has no external address or data bus.
Ports B, C, and F are available for general-purpose I/0O.

4.1.2 Expanded Operating Mode

In expanded operating mode, the MCU can access a 64-Kbyte physical address
space. The address space includes the same on-chip memory addresses used for sin-
gle-chip mode, in addition to external memory and peripheral devices.

The expansion bus is made up of ports B, C, F and the R/W signal. In expanded mode,
high order address bits are output on the port B pins, low order address bits on the port
F pins, and the data bus on port C. The R/W pin indicates the direction of data transfer
on the port C bus.

4.1.3 Special Test Mode

Special test mode, a variation of the expanded mode, is primarily used during Motor-
ola's internal production testing; however, it is accessible for programming the CON-
FIG register, programming calibration data into EEPROM, and supporting emulation
and debugging during development.

4.1.4 Special Bootstrap Mode

Bootstrap mode is a special variation of the single-chip mode. Bootstrap mode allows
special-purpose programs to be entered into internal RAM. When boot mode is select-
ed at reset, a small bootstrap ROM becomes present in the memory map. Reset and
interrupt vectors are located in bootstrap ROM at $BFCO0-$BFFF. The MCU fetches
the reset vector, then executes the bootloader.

OPERATING MODES AND ON-CHIP MEMORY
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4.2.2 Memory Map

$0000 X000
1024 BYTES RAM 1
EXT EXT
$1000 \ X3FF
y000
96-BYTE REGISTER BLOCK 2
EXT EXT yo5F
/ BF00 | 256 BYTES BOOTSTRAP ROM
______ / BFCO | SPECIAL MODE 3
_____ INTERRUPT
BFFF | VECTORS
D00 | 256 BYTES RESERVED 4
JDFF (SPECIAL TEST MODE ONLY)
ZE00
512 BYTES EEPROM ©
$FE00 Y A / FFCO | NORMAL MODE
ExT |00 - __ INTERRUPT
$FFFF Y zFFF FFFF | VECTORS
SINGLE EXPANDED BOOTSTRAP SPECIAL
CHIP TEST
NOTES:
1. RAM can be remapped to any 4-Kbyte boundary ($x000). "X" represents the value contained in
RAM([3:0] in the init register.
2. The register block can be remapped to any 4-Kbyte boundary ($y000). "y" represents the value contained in
reg[3:0] in the init register.
3. Special test mode vectors are externally addressed.
4. In special test mode the address locations $zD00-$zDFF are not externally addressable.
"z" represents the value of bits EE[3:0] in the config register.
5. EEPROM can be remapped to any 4-Kbyte boundary ($z000). "z" represents the value contained in
EE[3:0] in the config register.
Figure 4-1 MC68HC11F1 Memory Map
4.2.2.1 RAM

The MC68HC11F1 microcontroller has 1024 bytes of fully static RAM that can be used
for storing instructions, variables, and temporary data during program execution. RAM
can be placed at any 4-Kbyte boundary in the 64 Kbyte address space by writing an

appropriate value to the INIT register.

RAM is initially located at $0000 in the memory map upon reset. Direct addressing
mode can access the first 256 locations of RAM using a one-byte address operand.

Direct mode accesses save program memory space and execution time.

The on-chip RAM is a fully static memory. RAM contents can be preserved during pe-
riods of processor inactivity by either of two methods, both of which reduce power con-

sumption.

OPERATING MODES AND ON-CHIP MEMORY
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Table 4-2 Write Access Limited Registers

Register Register Must be Written in Write One Time
Address Name First 64 Cycles Only
$x024 Timer Interrupt Mask 2 (TMSK2) Note 1 —
$x035 Block Protect Register (BPROT) Note 2 —
$x038 System Configuration Options 2 (OPT2) No Note 4
$x039 System Configuration Options (OPTION) Note 3 —
$x03C Highest Priority I-bit and Miscellaneous (HPRIO) No Note 5
$x03D RAM and I/0 Map Register (INIT) Yes Note 6
Notes:

1. Bits 1 and O can be written once only in first 64 cycles. When SMOD = 1, these bits can be written any time. All
other bhits can be written at any time.

2. Bits can be written to zero (protection disabled) once only in first 64 cycles or at any time in special modes. Bits
can be set to one at any time.

3. Bits 5, 4, 2, 1, and 0 can be written once only in first 64 cycles. When SMOD = 1, hits 5, 4, 2, 1, and 0 can be
written at any time. All other bits can be written at any time

4. Bit 5 (CLK4X) can be written only one time.

5. Bit 4 (IRV) can be written only one time.

6. Can be written once in first 64 cycles after reset in normal modes or at any time in special modes.

4.3.1 Mode Selection

The four mode variations are selected by the logic levels present on the MODA and
MODB pins at the rising edge of RESET. The MODA and MODB logic levels determine
the logic state of SMOD and MDA control bits in the HPRIO register.

After reset is released, the mode select pins no longer influence the MCU operating
mode. In single-chip operating mode, the MODA pin is connected to a logic level zero.
In expanded mode, MODA should be connected to Vpp through a pull-up resistor of
4.7 kQ. The MODA pin also functions as the load instruction register (LIR) pin when
the MCU is not in reset. The open-drain active low LIR output pin drives low during the
first E cycle of each instruction (opcode fetch). The MODB pin also functions as stand-
by power input (VsTRY), Which allows RAM contents to be maintained in absence of
Vpp. Refer to APPENDIX A ELECTRICAL CHARACTERISTICS for VgTgy Vvoltage
requirements.

Refer to Table 4-3, which is a summary of mode pin operation, the mode control bits,
and the four operating modes.

Table 4-3 Hardware Mode Select Summary

Input Levels Mode Control Bits in HPRIO
at Reset (Latched at Reset)
MODB MODA RBOOT SMOD MDA
1 0 Single Chip 0 0 0
1 1 Expanded 0 0 1
0 0 Special Bootstrap 1 1 0
0 1 Special Test 0 1 1

OPERATING MODES AND ON-CHIP MEMORY
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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

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.

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

4.4.2 PPROG EEPROM Programming Control Register
Bits in PPROG register control parameters associated with EEPROM programming.

PPROG — EEPROM Programming Control $103B
Bit 7 6 5 4 3 2 1 Bit O
[ ODD | EVEN | — [ BYTE | ROW [ ERASE | EELAT [ EEPGM |
RESET: 0 0 0 0 0 0 0 0

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

OPERATING MODES AND ON-CHIP MEMORY MC68HC11F1

4-16 TECHNICAL DATA

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



Freescale Semiconductor, Inc.

For a description of the bits contained in the CONFIG register refer to 4.3.2.1 CONFIG
Register.

4.5 Chip Selects

The function of the chip selects is to minimize the amount of external glue logic needed
to interface the MCU to external devices. The MC68HC11F1 has four software config-
ured chip selects that can be enabled in expanded modes. The chip selects for /O
(CSIO1 and CSIO2) are used for I/0 expansion. The program chip select (CSPROG)
is used with an external memory that contains the program code and reset vectors.
The general-purpose chip select (CSGEN) is the most flexible and is used to enable
external devices.

Such factors as polarity, block size, base address and clock stretching can be con-
trolled using the four chip-select control registers. When a port G pin is not used for
chip select functions it can be used for general-purpose /0.

When enabled, a chip select signal is asserted whenever the CPU makes an access
to a designated range of addresses. Bus control signals and chip select signals are
synchronous with the external E clock signal. For more information refer to Table A—
7. Expansion Bus Timing in APPENDIX A ELECTRICAL CHARACTERISTICS. The
length of the external E clock cycle to which the external device is synchronized can
be stretched to accommodate devices that are slower than the MCU.

4.5.1 Program Chip Select

The program chip select (CSPROG) is active in the range of memory where the main
program exists. Refer to Figure 4-3.

When enabled, the CSPROG is active during address valid time and is an active-low
signal. Although the general-purpose chip select has priority over the program chip se-
lect, CSPROG can be raised to a higher priority level by setting the GCSPR bit in
CSCTL register. Bits in CSCTL enable the program chip select and determine its ad-
dress range and priority level. Bits in CSSTRH select from zero to three clock cycles
of delay.

4.5.2 1/0 Chip Selects

The I/0O chip selects (CSIO1 and CSIO2) are fixed in size and fill the remainder of the
4-Kbyte block occupied by the register block. CSIO1 is mapped at $x060-$x7FF and
CSIO2 is mapped at $x800-$xFFF, where “x” corresponds to the high-order nibble of
the register block base address, represented by the value contained in REG[3:0] in the
INIT register.

Bits in the CSCTL register determine the polarity of the active state and enable both I/
O chip selects. Bits in CSGSIZ select whether each chip select is active for address-
valid or E-valid time. Bits in CSSTRH select from zero to three clock cycles of delay.
Refer to Figure 4-3.

OPERATING MODES AND ON-CHIP MEMORY MC68HC11F1
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CR[1:0] — COP Timer Rate Select
The internal E clock is first divided by 215 before it enters the COP watchdog system.

These control bits determine a scaling factor for the watchdog timer. Refer to Table 5-
1.

5.1.6 CONFIG Register

CONFIG — System Configuration Register $103F
Bit 7 6 5 4 3 2 1 Bit O
[ EE3 | EE2 | EEL | EE0 | — [NOCOP| — EEON
RESET: 1 1 1 1 1 P 1 1 Single Chip
1 1 1 1 1 P(L) 1 1 Bootstrap
P P P P 1 P 1 P Expanded

P P P P 1 P(L) 1 0 Special Test

P indicates a previously programmed bit. P(L) indicates that the bit resets to the logic
level held in the latch prior to reset, but the function of COP is controlled by DISR in
TEST1 register.

EE[3:0] — EEPROM Mapping Control
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY.

Bit 3 — Not implemented
Always reads one

NOCOP — COP System Disable
0 = COP system enabled (forces reset on time-out)
1 = COP system disabled

Bit 1 — Not implemented
Always reads one

EEON — EEPROM Enable
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY.

5.2 Effects of Reset

When a reset condition is recognized, the internal registers and control bits are forced
to an initial state. Depending on the cause of the reset and the operating mode, the
reset vector can be fetched from any of six possible locations. Refer to Table 5-2.

Table 5-2 Reset Cause, Operating Mode, and Reset Vector

Cause of Reset Normal Mode Vector Special Test or Bootstrap
POR or RESET Pin $FFFE, FFFF $BFFE, $BFFF
Clock Monitor Failure $FFFC, FFFD $BFFC, $BFFD
COP Watchdog Time-out $FFFA, FFFB $BFFA, $BFFB

These initial states then control on-chip peripheral systems to force them to known
start-up states, as follows:
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The illegal opcode trap mechanism works for all unimplemented opcodes on all four
opcode map pages. The address stacked as the return address for the illegal opcode
interrupt is the address of the first byte of the illegal opcode. Otherwise, it would be
almost impossible to determine whether the illegal opcode had been one or two bytes.
The stacked return address can be used as a pointer to the illegal opcode so the illegal
opcode service routine can evaluate the offending opcode.

5.4.4 Software Interrupt

SWI is an instruction, and thus cannot be interrupted until complete. SWI is not inhib-
ited by the global mask bits in the CCR. Because execution of SWI sets the | mask bit,
once an SWI interrupt begins, other interrupts are inhibited until SWI is complete, or
until user software clears the | bit in the CCR.

5.4.5 Maskable Interrupts

The maskable interrupt structure of the MCU can be extended to include additional ex-
ternal interrupt sources through the IRQ pin. The default configuration of this pin is a
low-level sensitive wired-OR network. When an event triggers an interrupt, a software
accessible interrupt flag is set. When enabled, this flag causes a constant request for
interrupt service. After the flag is cleared, the service request is released.

5.4.6 Reset and Interrupt Processing

Figure 5-1 and Figure 5-3 illustrate the reset and interrupt process. Figure 5-1 illus-
trates how the CPU begins from a reset and how interrupt detection relates to normal
opcode fetches. Figure 5-3 is an expansion of a block in Figure 5-1 and illustrates in-
terrupt priorities. Figure 5-5 shows the resolution of interrupt sources within the SCI
subsystem.
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BEGIN
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@

Figure 5-3 Interrupt Priority Resolution (1 of 2)
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SECTION 7 SERIAL COMMUNICATIONS INTERFACE

The serial communications interface (SCI) is a universal asynchronous receiver trans-
mitter (UART), one of two independent serial 1/0 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. Anidle-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
(SCCR?2) is set. The block diagram, Figure 7-1, shows the transmit serial shift register
and the buffer logic at the top of the figure.
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When the SPI system is configured as a master and the SS input line goes to active
low, a mode fault error has occurred — usually because two devices have attempted
to act as master at the same time. In cases where more than one device is concurrent-
ly configured as a master, there is a chance of contention between two pin drivers. For
push-pull CMOS drivers, this contention can cause permanent damage. The mode
fault mechanism attempts to protect the device by disabling the drivers. The MSTR
control bit in the SPCR and all four DDRD control bits associated with the SPI are
cleared and an interrupt is generated subject to masking by the SPIE control bit and
the | bit in the CCR.

Other precautions may need to be taken to prevent driver damage. If two devices are
made masters at the same time, mode fault does not help protect either one unless
one of them selects the other as slave. The amount of damage possible depends on
the length of time both devices attempt to act as master.

A write collision error occurs if the SPDR is written while a transfer is in progress. Be-
cause the SPDR is not double buffered in the transmit direction, writes to SPDR cause
data to be written directly into the SPI shift register. Because this write corrupts any
transfer in progress, a write collision error is generated. The transfer continues undis-
turbed, and the write data that caused the error is not written to the shifter.

A write collision is normally a slave error because a slave has no control over when a
master initiates a transfer. A master knows when a transfer is in progress, so there is
no reason for a master to generate a write-collision error, although the SPI logic can
detect write collisions in both master and slave devices.

The SPI configuration determines the characteristics of a transfer in progress. For a
master, a transfer begins when data is written to SPDR and ends when SPIF is set.
For a slave with CPHA equal to zero, a transfer starts when SS goes low and ends
when SS returns high. In this case, SPIF is set at the middle of the eighth SCK cycle
when data is transferred from the shifter to the parallel data register, but the transfer
is still in progress until SS goes high. For a slave with CPHA equal to one, transfer be-
gins when the SCK line goes to its active level, which is the edge at the beginning of
the first SCK cycle. The transfer ends in a slave in which CPHA equals one when SPIF
is set.

8.5 SPI Registers

The three SPI registers, SPCR, SPSR, and SPDR, provide control, status, and data
storage functions. Refer to the following information for a description of how these reg-
isters are organized.

8.5.1 Serial Peripheral Control

SPCR — Serial Peripheral Control Register $1028
Bit 7 6 5 4 3 2 1 Bit 0
SPIE | SPE | DWOM [ MSTR | CPOL | CPHA | SPRI1 SPRO |

RESET: 0 0 0 0 0 1 U U
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To produce a pulse of a specific duration, write a value to the output compare register
that represents the time the leading edge of the pulse is to occur. The output compare
circuit is configured to set the appropriate output either high or low, depending on the
polarity of the pulse being produced. After a match occurs, the output compare register
is reprogrammed to change the output pin back to its inactive level at the next match.
A value representing the width of the pulse is added to the original value, and then writ-
ten to the output compare register. Because the pin state changes occur at specific
values of the free-running counter, the pulse width can be controlled accurately at the
resolution of the free-running counter, independent of software latencies. To generate
an output signal of a specific frequency and duty cycle, repeat this pulse-generating
procedure.

There are four 16-bit read/write output compare registers: TOC1, TOC2, TOCS3, and
TOC4, and the T14/05 register, which functions under software control as either IC4
or OC5. Each of the OC registers is set to $FFFF on reset. A value written to an OC
register is compared to the free-running counter value during each E-clock cycle. If a
match is found, the particular output compare flag is set in timer interrupt flag register
1 (TFLG1). If that particular interrupt is enabled in the timer interrupt mask register 1
(TMSK1), an interrupt is generated. In addition to an interrupt, a specified action can
be initiated at one or more timer output pins. For OC[5:2], the pin action is controlled
by pairs of bits (OMx and OLXx) in the TCTL1 register. The output action is taken on
each successful compare, regardless of whether or not the OCxF flag in the TFLG1
register was previously cleared.

OCl1 is different from the other output compares in that a successful OC1 compare can
affect any or all five of the OC pins. The OC1 output action taken when a match is
found is controlled by two 8-bit registers with three bits unimplemented: the output
compare 1 mask register, OC1M, and the output compare 1 data register, OC1D.
OC1M specifies which port A outputs are to be used, and OC1D specifies what data
is placed on these port pins.

9.3.1 Timer Output Compare Registers

All output compare registers are 16-bit read-write. Each is initialized to $FFFF at reset.
If an output compare register is not used for an output compare function, it can be used
as a storage location. A write to the high-order byte of an output compare register pair
inhibits the output compare function for one bus cycle. This inhibition prevents inap-
propriate subsequent comparisons. Coherency requires a complete 16-bit read or
write. However, if coherency is not needed, byte accesses can be used.

For output compare functions, write a comparison value to output compare registers
TOC1-TOC4 and T14/05. When TCNT value matches the comparison value, speci-
fied pin actions occur.
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OC1M — Output Compare 1 Mask $100C
Bit 7 6 5 4 3 2 1 Bit 0
[[OCIM7 [ OCIM6 | OCIM5 | OCIM4 | OCIM3 = = — ]
RESET: 0 0 0 0 0 0 0 0

OC1M[7:3] — Output Compare Masks
0 = OCl1 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.

OC1D — Output Compare 1 Data $100D
Bit 7 6 5 4 3 2 1 Bit 0
[[OCID7 [ OCID6 | OCID5 | OCID4 [ OCID3 | — | — [ — |
RESET: 0 0 0 0 0 0 0 0

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 — Timer Counter $100E, $100F
$100E[ Bit 15 14 13 12 11 10 9 Bit8 |TCNT (High)
$100F| Bit7 6 5 4 3 2 1 BitO |TCNT (Low)

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.
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Table 9-3 Timer Prescaler Selection

PR[1:0] Prescaler
00 1
01 4
10 8
11 16
NOTE

Bits in TMSK2 correspond bit for bit with flag bits in TFLG2. Ones in
TMSK2 enable the corresponding interrupt sources.

9.3.10 Timer Interrupt Flag Register 2

Bits in this register indicate when certain timer system events have occurred. Coupled
with the four high-order bits of TMSKZ2, the bits of TFLG2 allow the timer subsystem to
operate in either a polled or interrupt driven system. Each bit of TFLG2 corresponds
to a bit in TMSK2 in the same position.

TFLG2 — Timer Interrupt Flag 2 $1025
Bit 7 6 5 4 3 2 1 Bit 0
TOF | RIF [PAOVF | PAF | — | — | — | — |
RESET: 0 0 0 0 0 0 0 0

Clear flags by writing a one to the corresponding bit position(s).

TOF — Timer Overflow Interrupt Flag
Set when TCNT changes from $FFFF to $0000

RTIF — Real-Time (Periodic) Interrupt Flag
Refer to 9.4 Real-Time Interrupt.

PAOVF — Pulse Accumulator Overflow Interrupt Flag
Refer to 9.6 Pulse Accumulator.

PAIF — Pulse Accumulator Input Edge Interrupt Flag
Refer to 9.6 Pulse Accumulator.

Bits [3:0] — Not implemented
Always read zero

9.4 Real-Time Interrupt

The real-time interrupt (RTI) feature, used to generate hardware interrupts at a fixed
periodic rate, is controlled and configured by two bits (RTR1 and RTRO) in the pulse
accumulator control (PACTL) register. The RTII bit in the TMSK2 register enables the
interrupt capability. The four different rates available are a product of the MCU oscil-
lator frequency and the value of bits RTR[1:0]. Refer to Table 9-4, which shows the
periodic real-time interrupt rates.
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9.4.2 Timer Interrupt Flag Register 2

Bits of this register indicate the occurrence of timer system events. Coupled with the
four high-order bits of TMSK2, the bits of TFLG2 allow the timer subsystem to operate
in either a polled or interrupt driven system. Each bit of TFLG2 corresponds to a bit in
TMSK2 in the same position.

TFLG2 — Timer Interrupt Flag 2 $1025
Bit 7 6 5 4 3 2 1 Bit 0
TOF | RIF [PAOVF | PAF | — | — | — | — |
RESET: 0 0 0 0 0 0 0 0

Clear flags by writing a one to the corresponding bit position(s).

TOF — Timer Overflow Interrupt Flag
Set when TCNT changes from $FFFF to $0000

RTIF — Real-Time Interrupt Flag
The RTIF status bit is automatically set to one at the end of every RTI period. To clear
RTIF, write a byte to TFLG2 with bit 6 set.

PAOVF — Pulse Accumulator Overflow Interrupt Flag
Refer to 9.6 Pulse Accumulator.

PAIF — Pulse Accumulator Input Edge Interrupt Flag
Refer to 9.6 Pulse Accumulator.

Bits [3:0] — Not implemented
Always read zero

9.4.3 Pulse Accumulator Control Register

Bits RTR[1:0] of this register select the rate for the RTI system. The remaining bits con-
trol the pulse accumulator and IC4/OCS5 functions.

PACTL — Pulse Accumulator Control $1026
Bit 7 6 5 4 3 2 1 Bit 0
— | PAEN | PAMOD | PEDGE | — 14/05 RTR1 RTRO |
RESET: 0 0 0 0 0 0 0 0

Bit 7 — Not implemented
Always reads zero

PAEN — Pulse Accumulator System Enable
Refer to 9.6 Pulse Accumulator.

PAMOD — Pulse Accumulator Mode
Refer to 9.6 Pulse Accumulator.
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