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SFR Definition 23.1. SCONO: Serial Port 0 Control

Bit 7 5 4 3 2 1 0
Name | SOMODE MCEO RENO TB80 RB80 TIO RIO
Type RIW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0x98; Bit-Addressable

Bit Name Function

7 | SOMODE |Serial Port 0 Operation Mode.
Selects the UARTO Operation Mode.
0: 8-bit UART with Variable Baud Rate.
1: 9-bit UART with Variable Baud Rate.

6 Unused |Unused.
Read = 1b. Write = Don’t Care.

5 MCEO |Multiprocessor Communication Enable.
For Mode 0 (8-bit UART): Checks for valid stop bit.
0: Logic level of stop bit is ignored.
1: RIO will only be activated if stop bit is logic level 1.
For Mode 1 (9-bit UART): Multiprocessor Communications Enable.
0: Logic level of ninth bit is ignored.
1: RIO is set and an interrupt is generated only when the ninth bit is logic 1.

4 RENO |Receive Enable.

0: UARTO reception disabled.
1: UARTO reception enabled.

3 TB80 Ninth Transmission Bit.

The logic level of this bit will be sent as the ninth transmission bit in 9-bit UART Mode
(Mode 1). Unused in 8-bit mode (Mode 0).

2 RB80 |Ninth Receive Bit.

RB80 is assigned the value of the STOP bit in Mode 0; it is assigned the value of the
9th data bit in Mode 1.

1 TIO Transmit Interrupt Flag.

Set by hardware when a byte of data has been transmitted by UARTO (after the 8th bit
in 8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When
the UARTO interrupt is enabled, setting this bit causes the CPU to vector to the UARTO
interrupt service routine. This bit must be cleared manually by software.

0 RIO Receive Interrupt Flag.

Set to 1 by hardware when a byte of data has been received by UARTO (set at the
STOP bit sampling time). When the UARTO interrupt is enabled, setting this bit to 1
causes the CPU to vector to the UARTO interrupt service routine. This bit must be
cleared manually by software.
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SFR Definition 23.2. SBUFO: Serial (UARTO) Port Data Buffer

Bit 7 6 5 4 3 2 1 0
Name SBUFOQ[7:0]
Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0x99

Bit

Name

Function

7:0

SBUFO

Serial Data Buffer Bits 7:0 (MSB—-LSB).

This SFR accesses two registers; a transmit shift register and a receive latch register.
When data is written to SBUFO, it goes to the transmit shift register and is held for
serial transmission. Writing a byte to SBUFO initiates the transmission. A read of
SBUFO returns the contents of the receive latch.
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Table 23.1. Timer Settings for Standard Baud Rates

Using The Internal 24.5 MHz Oscillator

2.

X = Don't care.

1. SCA1-SCAO0 and T1M bit definitions can be found in Section 25.1.

Erequency: 24.5 MHz
Target | Baud Rate | Oscilla- | Timer Clock | SCA1-SCAO | TimL]| Timer 1
Baud Rate % Error |torDivide Source (pre-scale Reload
(bps) Factor select)! Value (hex)

230400 -0.32% 106 SYSCLK XX2 1 0xCB
115200 -0.32% 212 SYSCLK XX 1 0x96
57600 0.15% 426 SYSCLK XX 1 0x2B
g G 28800 —0.32% 848 SYSCLK/4 01 0 0x96
i 3 14400 0.15% 1704 SYSCLK/12 00 0 0xB9
o T 9600 -0.32% 2544 SYSCLK/12 00 0 0x96
N g 2400 —-0.32% 10176 SYSCLK/48 10 0 0x96
% = 1200 0.15% 20448 SYSCLK/48 10 0 0x2B

Notes:
1. SCA1-SCAO and T1M bit definitions can be found in Section 25.1.
2. X =Don't care.
Table 23.2. Timer Settings for Standard Baud Rates
Using an External 22.1184 MHz Oscillator
Frequency: 22.1184 MHz
[ Target | Baud Rate | Oscilla- | Timer Clock | SCAI-SCAO | TiML| Timer 1
Baud Rate % Error | tor Divide Source (pre-scale Reload
(bps) Factor select)l Value (hex)
230400 0.00% 96 SYSCLK XX2 1 0xDO
115200 0.00% 192 SYSCLK XX 1 0xAO0
57600 0.00% 384 SYSCLK XX 1 0x40
g J 28800 0.00% 768 SYSCLK /12 00 0 OxEO
i O 14400 0.00% 1536 SYSCLK /12 00 0 0xCO0
s 9600 0.00% 2304 |SYSCLK/12 00 0 0xA0
8 o 2400 0.00% 9216 SYSCLK /48 10 0 OxAO0
<>/_) n 1200 0.00% 18432 |SYSCLK /48 10 0 0x40
230400 0.00% 96 EXTCLK/8 11 0 OXFA
g G 115200 0.00% 192 EXTCLK /8 1 0 OxF4
i 8 57600 0.00% 384 EXTCLK /8 1 0 OxE8
oT 28800 0.00% 768 EXTCLK /8 1 0 0xDO
N5 14400 0.00% 1536 EXTCLK /8 11 0 O0xAO0
<>/_) E 9600 0.00% 2304 EXTCLK /8 11 0 0x70
Notes:
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24. Enhanced Serial Peripheral Interface (SPI0 and SPI1)

The enhanced serial peripheral interfaces (SPIO and SPI1) provide access to two identical, flexible, full-
duplex synchronous serial busses. Both SPIO and SPI1 will be referred to collectively as SPIn. SPIn can
operate as a master or slave device in both 3-wire or 4-wire modes, and supports multiple masters and
slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input to select SPIn in
slave mode, or to disable Master Mode operation in a multi-master environment, avoiding contention on
the SPI bus when more than one master attempts simultaneous data transfers. NSS can also be config-
ured as a chip-select output in master mode, or disabled for 3-wire operation. Additional general purpose
port 1/0O pins can be used to select multiple slave devices in master mode.

SFR Bus

SPINCKR SPINCFG SPINCN

cldlo

ZInol0|c
>z ||| = SIE|x 4
~|olv|<|mla|dlo UJLLIEE(OL(})JZFE C6'LL>§§ELIJ
||| o | | @ | o | o2 Qg |SnS|a L Q0 0|nnm|s
0O|0|3|0|0|0|0|0 a|VIX|X|2|0|e|x a|Q0|X|0|0|x|x
D|D|D| 7|7\ D|D|D n|Z00n|1Z|n|xe 0|22 X|Z|Z|F|0
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Figure 24.1. SPI Block Diagram
®
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24.1. Signal Descriptions
The four signals used by each SPIn (MOSI, MISO, SCK, NSS) are described below.
24.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It
is used to serially transfer data from the master to the slave. This signal is an output when SPIn is operat-
ing as a master anSPInd an input when SPIn is operating as a slave. Data is transferred most-significant
bit first. When configured as a master, MOSI is driven by the MSB of the shift register in both 3- and 4-wire
mode.

24.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to the master device.
It is used to serially transfer data from the slave to the master. This signal is an input when SPIn is operat-
ing as a master and an output when SPIn is operating as a slave. Data is transferred most-significant bit
first. The MISO pin is placed in a high-impedance state when the SPI module is disabled and when the SPI
operates in 4-wire mode as a slave that is not selected. When acting as a slave in 3-wire mode, MISO is
always driven by the MSB of the shift register.

24.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an input to slave devices. It is used
to synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPIn gen-
erates this signal when operating as a master. The SCK signal is ignored by a SPI slave when the slave is
not selected (NSS = 1) in 4-wire slave mode.

24.1.4. Slave Select (NSS)

The function of the slave-select (NSS) signal is dependent on the setting of the NSSnMD1 and NSSnMDO
bits in the SPINCN register. There are three possible modes that can be selected with these bits:

1. NSSMDI[1:0] = 00: 3-Wire Master or 3-Wire Slave Mode: SPIn operates in 3-wire mode, and
NSS is disabled. When operating as a slave device, SPIn is always selected in 3-wire mode.
Since no select signal is present, SPIn must be the only slave on the bus in 3-wire mode. This
is intended for point-to-point communication between a master and one slave.

2. NSSMD[1:0] = 01: 4-Wire Slave or Multi-Master Mode: SPIn operates in 4-wire mode, and
NSS is enabled as an input. When operating as a slave, NSS selects the SPIn device. When
operating as a master, a 1-to-0 transition of the NSS signal disables the master function of
SPIn so that multiple master devices can be used on the same SPI bus.

3. NSSMD[1:0] = 1x: 4-Wire Master Mode: SPIn operates in 4-wire mode, and NSS is enabled as
an output. The setting of NSSMDO determines what logic level the NSS pin will output. This
configuration should only be used when operating SPIn as a master device.

See Figure 24.2, Figure 24.3, and Figure 24.4 for typical connection diagrams of the various operational
modes. The setting of NSSMD bits affects the pinout of the device. When in 3-wire master or 3-wire
slave mode, the NSS pin will not be mapped by the crossbar. In all other modes, the NSS signal will be
mapped to a pin on the device. See Section “21. Port Input/Output” on page 210 for general purpose port I/
O and crossbar information.
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24.2. SPIl Master Mode Operation

A SPI master device initiates all data transfers on a SPI bus. SPIn is placed in master mode by setting the
Master Enable flag (MSTENN, SPINCN.6). Writing a byte of data to the SPIn data register (SPINDAT) when
in master mode writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer
is moved to the shift register, and a data transfer begins. The SPIn master immediately shifts out the data
serially on the MOSI line while providing the serial clock on SCK. The SPIFn (SPINCN.7) flag is set to logic
1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag
is set. While the SPIn master transfers data to a slave on the MOSI line, the addressed SPI slave device
simultaneously transfers the contents of its shift register to the SPI master on the MISO line in a full-duplex
operation. Therefore, the SPIF flag serves as both a transmit-complete and receive-data-ready flag. The
data byte received from the slave is transferred MSB-first into the master's shift register. When a byte is
fully shifted into the register, it is moved to the receive buffer where it can be read by the processor by
reading SPINDAT.

When configured as a master, SPIn can operate in one of three different modes: multi-master mode, 3-wire
single-master mode, and 4-wire single-master mode. The default, multi-master mode is active when
NSSnMD1 (SPINCN.3) = 0 and NSSnMDO (SPINnCN.2) = 1. In this mode, NSS is an input to the device,
and is used to disable the master SPIn when another master is accessing the bus. When NSS is pulled low
in this mode, MSTENN (SPINCN.6) and SPIENN (SPINCN.0) are set to 0 to disable the SPI master device,
and a Mode Fault is generated (MODFn, SPINCN.5 = 1). Mode Fault will generate an interrupt if enabled.
SPIn must be manually re-enabled in software under these circumstances. In multi-master systems,
devices will typically default to being slave devices while they are not acting as the system master device.
In multi-master mode, slave devices can be addressed individually (if needed) using general-purpose 1/O
pins. Figure 24.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSnMD1 (SPINCN.3) = 0 and NSSnMDO (SPInCN.2) = 0. In
this mode, NSS is not used, and is not mapped to an external port pin through the crossbar. Any slave
devices that must be addressed in this mode should be selected using general-purpose /O pins.
Figure 24.3 shows a connection diagram between a master device in 3-wire master mode and a slave
device.

4-wire single-master mode is active when NSSnMD1 (SPINnCN.3) = 1. In this mode, NSS is configured as
an output pin, and can be used as a slave-select signal for a single SPI device. In this mode, the output
value of NSS is controlled (in software) with the bit NSSnMDO (SPINCN.2). Additional slave devices can be
addressed using general-purpose I/O pins. Figure 24.4 shows a connection diagram for a master device in
4-wire master mode and two slave devices.
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Figure 24.4. 4-Wire Single Master Mode and 4-Wire Slave Mode Connection Diagram
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24.3. SPI Slave Mode Operation

When SPIn is enabled and not configured as a master, it will operate as a SPI slave. As a slave, bytes are
shifted in through the MOSI pin and out through the MISO pin by a master device controlling the SCK sig-
nal. A bit counter in the SPIn logic counts SCK edges. When 8 bits have been shifted through the shift reg-
ister, the SPIF flag is set to logic 1, and the byte is copied into the receive buffer. Data is read from the
receive buffer by reading SPINDAT. A slave device cannot initiate transfers. Data to be transferred to the
master device is pre-loaded into the shift register by writing to SPINDAT. Writes to SPINDAT are double-
buffered, and are placed in the transmit buffer first. If the shift register is empty, the contents of the transmit
buffer will immediately be transferred into the shift register. When the shift register already contains data,
the SPI will load the shift register with the transmit buffer’s contents after the last SCK edge of the next (or
current) SPI transfer.

When configured as a slave, SPIn can be configured for 4-wire or 3-wire operation. The default, 4-wire
slave mode, is active when NSSnMD1 (SPInCN.3) = 0 and NSSnMDO (SPInCN.2) = 1. In 4-wire mode, the
NSS signal is routed to a port pin and configured as a digital input. SPIn is enabled when NSS is logic 0,
and disabled when NSS is logic 1. The bit counter is reset on a falling edge of NSS. Note that the NSS sig-
nal must be driven low at least 2 system clocks before the first active edge of SCK for each byte transfer.
Figure 24.4 shows a connection diagram between two slave devices in 4-wire slave mode and a master
device.

3-wire slave mode is active when NSSnMD1 (SPInCN.3) = 0 and NSSnMDO (SPINCN.2) = 0. NSS is not
used in this mode, and is not mapped to an external port pin through the crossbar. Since there is no way of
uniquely addressing the device in 3-wire slave mode, SPIn must be the only slave device present on the
bus. It is important to note that in 3-wire slave mode there is no external means of resetting the bit counter
that determines when a full byte has been received. The bit counter can only be reset by disabling and re-
enabling SPIn with the SPIEN bit. Figure 24.3 shows a connection diagram between a slave device in 3-
wire slave mode and a master device.

24.4. SPI Interrupt Sources

When SPIn interrupts are enabled, the following four flags will generate an interrupt when they are set to
logic 1:
All of the following bits must be cleared by software.

1. The SPI Interrupt Flag, SPIFn (SPINCN.7) is set to logic 1 at the end of each byte transfer.
This flag can occur in all SPIn modes.

2. The Write Collision Flag, WCOLn (SPInCN.6) is set to logic 1 if a write to SPINDAT is
attempted when the transmit buffer has not been emptied to the SPI shift register. When this
occurs, the write to SPINDAT will be ignored, and the transmit buffer will not be written.This
flag can occur in all SPIn modes.

3. The Mode Fault Flag MODFn (SPINCN.5) is set to logic 1 when SPIn is configured as a
master, and for multi-master mode and the NSS pin is pulled low. When a Mode Fault occurs,
the MSTENN and SPIENN bits in SPIOCN are set to logic 0 to disable SPIn and allow another
master device to access the bus.

4. The Receive Overrun Flag RXOVRNn (SPINCN.4) is set to logic 1 when configured as a slave,
and a transfer is completed and the receive buffer still holds an unread byte from a previous
transfer. The new byte is not transferred to the receive buffer, allowing the previously received
data byte to be read. The data byte which caused the overrun is lost.
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24.5. Serial Clock Phase and Polarity

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the SPI
Configuration Register (SPINCFG). The CKPHA bit (SPINCFG.5) selects one of two clock phases (edge
used to latch the data). The CKPOL bit (SPINCFG.4) selects between an active-high or active-low clock.
Both master and slave devices must be configured to use the same clock phase and polarity. SPIO should
be disabled (by clearing the SPIENN bit, SPINCN.0) when changing the clock phase or polarity. The clock
and data line relationships for master mode are shown in Figure 24.5. For slave mode, the clock and data
relationships are shown in Figure 24.6 and Figure 24.7. Note that CKPHA must be set to 0 on both the
master and slave SPlI when communicating between two of the following devices: C8051F04x,
C8051F06x, C8051F12x, C8051F31x, C8051F32x, and C8051F33x.

The SPIn Clock Rate Register (SPINCKR) as shown in SFR Definition 24.3 controls the master mode
serial clock frequency. This register is ignored when operating in slave mode. When the SPI is configured
as a master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz,
whichever is slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for
full-duplex operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-
wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec)
must be less than 1/10 the system clock frequency. In the special case where the master only wants to
transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the
SPI slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency.
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s
system clock.

SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=1) | | | | | | | |

MISO/MOSI m mse Y Bit6 Y Bits Y Bit4a Y Bt3 Y Bt2 X Bitl1 Y Bit0 M

NSS (Must Remain High
in Multi-Master Mode)

Figure 24.5. Master Mode Data/Clock Timing
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SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

MOSI YOWX mss X mite X Bits X sita X Bits X Bitz X Btz ) Bito M

MISO —{ wse Y i Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bitoﬂ—

NSS (4-Wire Mode) S

Figure 24.6. Slave Mode Data/Clock Timing (CKPHA = 0)

(Sé:KKPOLzo, CKPHA=1) | | | | | | | |
(Sé:KKPOLzl, CKPHA=1) | | | | | | | |
MOS!I XX wse X mite X Bits X mita X B3 X stz X sitr X Bito  XOOOKK
MISO —{ wsB Bité X Bit5 X Bit4 Bit 3 Bit 2 Bit 1 Bito X —
NSS (4-Wire Mode) _\ /_

Figure 24.7. Slave Mode Data/Clock Timing (CKPHA = 1)
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24.6. SPI Special Function Registers

SPI0 and SPI1 are accessed and controlled through four special function registers (8 registers total) in the
system controller: SPINCN Control Register, SPINDAT Data Register, SPINCFG Configuration Register,
and SPINCKR Clock Rate Register. The special function registers related to the operation of the SPIO and
SPI1 Bus are described in the following figures.
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SFR Definition 24.1. SPINCFG: SPI Configuration

Bit 7 6 5 4 3 2 1 0
Name | SPIBSY | MSTEN | CKPHA | CKPOL | SLVSEL | NSSIN | SRMT | RXBMT
Type R RIW RIW RIW R R R R
Reset 0 0 0 0 0 1 1 1

SFR Addresses: SPIOCFG = 0xAl, SPI1CFG = 0x84
SFR Pages: SPIOCFG = 0x0, SPI1CFG = 0x0

Bit

Name

Function

7

SPIBSY

SPI Busy.
This bit is set to logic 1 when a SPI transfer is in progress (master or slave mode).

MSTEN

Master Mode Enable.

0: Disable master mode. Operate in slave mode.
1: Enable master mode. Operate as a master.

CKPHA

SPI Clock Phase.

0: Data centered on first edge of SCK period.*
1: Data centered on second edge of SCK period.”

CKPOL

SPI Clock Polarity.

0: SCK line low in idle state.
1: SCK line high in idle state.

SLVSEL

Slave Selected Flag.

Set to logic 1 whenever the NSS pin is low indicating SPI0 is the selected slave. It
is cleared to logic 0 when NSS is high (slave not selected). This bit does not indi-
cate the instantaneous value at the NSS pin, but rather a de-glitched version of the
pin input.

NSSIN

NSS Instantaneous Pin Input.

This bit mimics the instantaneous value that is present on the NSS port pin at the
time that the register is read. This input is not de-glitched.

SRMT

Shift Register Empty (valid in slave mode only).
Set to logic 1 when data has been transferred in/out of the shift register, and there
is no data is available to read from the transmit buffer or write to the receive buffer.

Set to logic 0 when a data byte is transferred to the shift register from the transmit
buffer or by a transition on SCK. Note: SRMT = 1 in Master Mode.

RXBMT

Receive Buffer Empty (valid in slave mode only).

Set to logic 1 when the receive buffer has been read and contains no new informa-
tion. If there is new information available in the receive buffer that has not been
read, this bit will return to logic 0. Note: RXBMT =1 in Master Mode.

*Note: In slave mode, data on MOSI is sampled in the center of each data bit. In master mode, data on MISO is

sampled one SYSCLK before the end of each data bit, to provide maximum settling time for the slave device.
See Table 24.1 for timing parameters.

SILICON LABS

Rev. 1.3 268




C8051F91x-C8051F90x

SFR Definition 24.2. SPInNCN: SPI Control

Bit 7 6 5 4 3 2 1 0

Name | SPIFn | WCOLn | MODFn | RXOVRNn |NSSnMD1| NSSnMDO | TXBMTn | SPInEN
Type | RW | RW | RW RIW RIW RIW R RIW

Reset| O 0 0 0 0 1 1 0

SFR Addresses: SPIOCN = 0xF8, Bit-Addressable; SPI1CN = 0xBO0, Bit-Addressable
SFR Pages: SPIOCN = 0x0, SPI1CN = 0x0

Bit Name Function

7 SPIFn SPIn Interrupt Flag.

This bit is set to logic 1 by hardware at the end of a data transfer. If interrupts are
enabled, setting this bit causes the CPU to vector to the SPIn interrupt service
routine. This bit is not automatically cleared by hardware. It must be cleared by
software.

6 WCOLn Write Collision Flag.

This bit is set to logic 1 by hardware (and generates a SPI0 interrupt) to indicate a
write to the SPI0 data register was attempted while a data transfer was in progress.
It must be cleared by software.

5 MODFn Mode Fault Flag.

This bit is set to logic 1 by hardware (and generates a SPIO interrupt) when a mas-
ter mode collision is detected (NSS is low, MSTEN = 1, and NSSMDJ[1:0] = 01).
This bit is not automatically cleared by hardware. It must be cleared by software.

4 RXOVRNn |Receive Overrun Flag (valid in slave mode only).

This bit is set to logic 1 by hardware (and generates a SPIn interrupt) when the
receive buffer still holds unread data from a previous transfer and the last bit of the
current transfer is shifted into the SPI shift register. This bit is not automatically
cleared by hardware. It must be cleared by software.

3:2 | NSSnMD[1:0] | Slave Select Mode.

Selects between the following NSS operation modes:

(See Section 24.2 and Section 24.3).

00: 3-Wire Slave or 3-Wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode (Default). NSS is an input to the device.
1x: 4-Wire Single-Master Mode. NSS signal is mapped as an output from the

device and will assume the value of NSSMDO.
1 TXBMTn Transmit Buffer Empty.

This bit will be set to logic 0 when new data has been written to the transmit buffer.
When data in the transmit buffer is transferred to the SPI shift register, this bit will
be set to logic 1, indicating that it is safe to write a new byte to the transmit buffer.

0 SPINnEN SPIn Enable.

0: SPIn disabled.
1: SPIn enabled.
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SFR Definition 24.3. SPInCKR: SPI Clock Rate

Bit 7 6 5 4 3 2 1 0
Name SCRnN[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: SPIOCKR = 0xA2, SPILCKR = 0x85
SFR Pages: SPIOCKR = 0x0, SPI1CKR = 0x0

Bit Name Function

7:0 SCRn SPI Clock Rate.

These bits determine the frequency of the SCK output when the SPI module is
configured for master mode operation. The SCK clock frequency is a divided
version of the system clock, and is given in the following equation, where SYSCLK
is the system clock frequency and SPINCKR is the 8-bit value held in the SPINCKR
register.

- SYSCLK
SCK ™ 2 (SPINCKR[7:0] + 1)

for 0 <= SPIOCKR <= 255

Example: If SYSCLK = 2 MHz and SPINCKR = 0x04,

¢ — _2000000
SCK 2% (4+1)
foox = 200kHz

SFR Definition 24.4. SPInDAT: SPI Data

Bit 7 6 5 4 3 2 1 0
Name SPInDAT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: SPIODAT = 0xA3, SPI1DAT = 0x86
SFR Pages: SPIODAT = 0x0, SPI1DAT = 0x0

Bit Name Function
7:0 SPINDAT SPIn Transmit and Receive Data.

The SPINDAT register is used to transmit and receive SPIn data. Writing data to
SPInDAT places the data into the transmit buffer and initiates a transfer when in
Master Mode. A read of SPINDAT returns the contents of the receive buffer.
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 24.8. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 24.9. SPI Master Timing (CKPHA = 1)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 24.10. SPI Slave Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 24.11. SPI Slave Timing (CKPHA =1)
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Table 24.1. SPI Slave Timing Parameters

Parameter ‘ Description ‘ Min Max Units

Master Mode Timing* (See Figure 24.8 and Figure 24.9)

TmcekH SCK High Time 1 X TsyscLk — ns
TmekL SCK Low Time 1 X TsyscLk — ns
Twmis MISO Valid to SCK Shift Edge 1Xx Tgyscik + 20 — ns
Tmin SCK Shift Edge to MISO Change 0 — ns
Slave Mode Timing* (See Figure 24.10 and Figure 24.11)

Tse NSS Falling to First SCK Edge 2 X TgyscLk — ns
Tsp Last SCK Edge to NSS Rising 2 X TgyscLk — ns
Tsez NSS Falling to MISO Valid — 4XxTgyscLk | NS
Tspz NSS Rising to MISO High-Z — 4xTsyscLk | NS
TckH SCK High Time 5 X TgyscLk — ns
TekL SCK Low Time 5 X TgyscLk — ns
Tgis MOSI Valid to SCK Sample Edge 2 x TgyscLk — ns
TsiH SCK Sample Edge to MOSI Change 2 X TgyscLk — ns
TsoH SCK Shift Edge to MISO Change — 4XxTgysclk | Ns
Toin I(_g;tpiiK:Ef%eNthl;/llso Change 6 X TgyscLk 8X Tgysclk | NS

*Note: TgyscLk IS equal to one period of the device system clock (SYSCLK).
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25. Timers

Each MCU includes four counter/timers: two are 16-bit counter/timers compatible with those found in the
standard 8051, and two are 16-bit auto-reload timer for use with the ADC, SMBus, or for general purpose
use. These timers can be used to measure time intervals, count external events and generate periodic
interrupt requests. Timer 0 and Timer 1 are nearly identical and have four primary modes of operation.
Timer 2 and Timer 3 offer 16-bit and split 8-bit timer functionality with auto-reload. Additionally, Timer 2 and
Timer 3 have a Capture Mode that can be used to measure the SmaRTClock or a Comparator period with
respect to another oscillator. This is particularly useful when using Capacitive Touch Switches.

Timer 0 and Timer 1 Modes: Timer 2 Modes: Timer 3 Modes:
13-bit counter/timer
16-bit counter/timer
8-bit counter/timer with auto-
reload
Two 8-bit counter/timers (Timer O
only)

16-bit timer with auto-reload 16-bit timer with auto-reload

Two 8-bit timers with auto-reload | Two 8-bit timers with auto-reload

Timers 0 and 1 may be clocked by one of five sources, determined by the Timer Mode Select bits (T1M-
TOM) and the Clock Scale bits (SCA1-SCAOQ). The Clock Scale bits define a pre-scaled clock from which
Timer 0 and/or Timer 1 may be clocked (See SFR Definition 25.1 for pre-scaled clock selection).

Timer 0/1 may then be configured to use this pre-scaled clock signal or the system clock. Timer 2 and
Timer 3 may be clocked by the system clock, the system clock divided by 12. Timer 2 may additionally be
clocked by the SmaRTClock divided by 8 or the ComparatorO output. Timer 3 may additionally be clocked
by the external oscillator clock source divided by 8 or the Comparatorl output.

Timer 0 and Timer 1 may also be operated as counters. When functioning as a counter, a counter/timer
register is incremented on each high-to-low transition at the selected input pin (TO or T1). Events with a
frequency of up to one-fourth the system clock frequency can be counted. The input signal need not be
periodic, but it should be held at a given level for at least two full system clock cycles to ensure the level is
properly sampled.
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SFR Definition 25.1. CKCON: Clock Control

Bit 7 6 5 4 3 2
Name | T3MH T3ML T2MH T2ML T1iM TOM SCA[1:0]
Type R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = Ox8E
Bit | Name Function
7 T3MH |Timer 3 High Byte Clock Select.
Selects the clock supplied to the Timer 3 high byte (split 8-bit timer mode only).
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.
6 T3ML |Timer 3 Low Byte Clock Select.
Selects the clock supplied to Timer 3. Selects the clock supplied to the lower 8-bit timer
in split 8-bit timer mode.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.
5 T2MH |Timer 2 High Byte Clock Select.
Selects the clock supplied to the Timer 2 high byte (split 8-bit timer mode only).
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.
4 T2ML |Timer 2 Low Byte Clock Select.
Selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer mode,
this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 low byte uses the system clock.
3 TiM Timer 1 Clock Select.
Selects the clock source supplied to Timer 1. Ignored when C/T1 is set to 1.
0: Timer 1 uses the clock defined by the prescale bits SCA[1:0].
1: Timer 1 uses the system clock.
2 TOM |Timer O Clock Select.
Selects the clock source supplied to Timer 0. Ignored when C/TO is set to 1.
0: Counter/Timer O uses the clock defined by the prescale bits SCA[1:0].
1: Counter/Timer 0 uses the system clock.
1:0 | SCA[1:0] | Timer O/1 Prescale Bits.
These bits control the Timer 0/1 Clock Prescaler:
00: System clock divided by 12
01: System clock divided by 4
10: System clock divided by 48
11: External clock divided by 8 (synchronized with the system clock)
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25.1. Timer O and Timer 1

Each timer is implemented as a 16-bit register accessed as two separate bytes: a low byte (TLO or TL1)
and a high byte (THO or TH1). The Counter/Timer Control register (TCON) is used to enable Timer 0 and
Timer 1 as well as indicate status. Timer O interrupts can be enabled by setting the ETO bit in the IE regis-
ter (Section “12.5. Interrupt Register Descriptions” on page 130); Timer 1 interrupts can be enabled by set-
ting the ET1 bit in the IE register (Section “12.5. Interrupt Register Descriptions” on page 130). Both
counter/timers operate in one of four primary modes selected by setting the Mode Select bits TAM1-TOMO
in the Counter/Timer Mode register (TMOD). Each timer can be configured independently. Each operating
mode is described below.

25.1.1. Mode 0: 13-bit Counter/Timer

Timer 0 and Timer 1 operate as 13-bit counter/timers in Mode 0. The following describes the configuration
and operation of Timer 0. However, both timers operate identically, and Timer 1 is configured in the same
manner as described for Timer 0.

The THO register holds the eight MSBs of the 13-bit counter/timer. TLO holds the five LSBs in bit positions
TLO.4-TLO.0. The three upper bits of TLO (TLO.7-TLO0.5) are indeterminate and should be masked out or
ignored when reading. As the 13-bit timer register increments and overflows from Ox1FFF (all ones) to
0x0000, the timer overflow flag TFO (TCON.5) is set and an interrupt will occur if Timer O interrupts are
enabled.

The C/TO bit (TMOD.2) selects the counter/timer's clock source. When C/TO is set to logic 1, high-to-low
transitions at the selected Timer O input pin (TO) increment the timer register (Refer to Section
“21.3. Priority Crossbar Decoder” on page 214 for information on selecting and configuring external 1/10
pins). Clearing C/T selects the clock defined by the TOM bit (CKCON.3). When TOM is set, Timer 0 is
clocked by the system clock. When TOM is cleared, Timer 0 is clocked by the source selected by the Clock
Scale bits in CKCON (see SFR Definition 25.1).

Setting the TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or the input signal
INTO is active as defined by bit INOPL in register ITOLCF (see SFR Definition 12.7). Setting GATEO to 1
allows the timer to be controlled by the external input signal INTO (see Section “12.5. Interrupt Register
Descriptions” on page 130), facilitating pulse width measurements

Table 25.1. Timer 0 Running Modes

TRO GATEO INTO Counter/Timer
0 X X Disabled
1 0 X Enabled
1 1 0 Disabled
1 1 1 Enabled
Note: X = Don't Care

Setting TRO does not force the timer to reset. The timer registers should be loaded with the desired initial
value before the timer is enabled.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TLO and THO.
Timer 1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The
input signal INT1 is used with Timer 1; the INT1 polarity is defined by bit IN1PL in register ITOLCF (see
SFR Definition 12.7).
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CKCON TMOD ITOLCF
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0
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I TLO THO 0__—» Interrupt
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: (5 bits) (8 bits) = T
o T1
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| T0
|
I
o
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Figure 25.1. TO Mode 0 Block Diagram

25.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The
counter/timers are enabled and configured in Mode 1 in the same manner as for Mode 0.
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SFR Definition 25.8. TMR2CN: Timer 2 Control

Bit 7 6 5 4 3 2 1 0
Name | TF2H TF2L | TF2LEN | TF2CEN | T2SPLIT | TR2 T2XCLK[1:0]
Type | R/W RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xC8; Bit-Addressable
Bit Name Function

7 TF2H Timer 2 High Byte Overflow Flag.

Set by hardware when the Timer 2 high byte overflows from OxFF to 0x00. In 16 bit
mode, this will occur when Timer 2 overflows from OxFFFF to 0x0000. When the
Timer 2 interrupt is enabled, setting this bit causes the CPU to vector to the

Timer 2 interrupt service routine. This bit is not automatically cleared by hardware.

6 TF2L Timer 2 Low Byte Overflow Flag.

Set by hardware when the Timer 2 low byte overflows from OxFF to 0x00. TF2L will
be set when the low byte overflows regardless of the Timer 2 mode. This bit is not
automatically cleared by hardware.

5 TF2LEN Timer 2 Low Byte Interrupt Enable.

When set to 1, this bit enables Timer 2 Low Byte interrupts. If Timer 2 interrupts
are also enabled, an interrupt will be generated when the low byte of Timer 2 over-
flows.

4 TF2CEN Timer 2 Capture Enable.
When set to 1, this bit enables Timer 2 Capture Mode.

3 T2SPLIT Timer 2 Split Mode Enable.

When set to 1, Timer 2 operates as two 8-bit timers with auto-reload. Otherwise,
Timer 2 operates in 16-bit auto-reload mode.

2 TR2 Timer 2 Run Control.

Timer 2 is enabled by setting this bit to 1. In 8-bit mode, this bit enables/disables
TMR2H only; TMR2L is always enabled in split mode.

1:0 | T2XCLK][1:0] |Timer 2 External Clock Select.

This bit selects the “external” and “capture trigger” clock sources for Timer 2. If
Timer 2 is in 8-bit mode, this bit selects the “external” clock source for both timer
bytes. Timer 2 Clock Select bits (T2MH and T2ML in register CKCON) may still be
used to select between the “external” clock and the system clock for either timer.
Note: External clock sources are synchronized with the system clock.

00: External Clock is SYSCLK/12. Capture trigger is SmaRTClock/8.

01: External Clock is Comparator 0. Capture trigger is SmaRTClock/8.

10: External Clock is SYSCLK/12. Capture trigger is Comparator 0.

11: External Clock is SmaRTClock/8. Capture trigger is Comparator 0.
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SFR Definition 25.9. TMR2RLL: Timer 2 Reload Register Low Byte

Bit 7 6 5 4 3 2 1 0
Name TMR2RLL[7:0]

Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OXxCA
Bit Name Function

7:0 | TMR2RLL[7:0] | Timer 2 Reload Register Low Byte.
TMR2RLL holds the low byte of the reload value for Timer 2.

SFR Definition 25.10. TMR2RLH: Timer 2 Reload Register High Byte

Bit 7 6 5 4 3
Name TMR2RLH[7:0]
Type R/W
Reset 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxCB
Bit Name Function

7:0 | TMR2RLH[7:0]

Timer 2 Reload Register High Byte.

TMR2RLH holds the high byte of the reload value for Timer 2.
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SFR Definition 25.11. TMR2L: Timer 2 Low Byte

Bit 7 6 5 4 3 0
Name TMR2L[7:0]
Type R/W
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxCC
Bit Name Function
7:0 | TMR2L[7:0] | Timer 2 Low Byte.

In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-
bit mode, TMR2L contains the 8-bit low byte timer value.

SFR Definition 25.12. TMR2H Timer 2 High Byte

Bit 7 6 5 4 3 0
Name TMR2H[7:0]
Type R/W
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxCD
Bit Name Function
7:0 | TMR2H[7:0] | Timer 2 High Byte.
In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-
bit mode, TMR2H contains the 8-bit high byte timer value.
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25.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may
operate in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T3SPLIT bit (TMR2CN.3) defines
the Timer 3 operation mode. Timer 3 can also be used in Capture Mode to measure the external oscillator
source or the Comparator 1 period with respect to another oscillator. The ability to measure the
Comparator 1 period with respect to the system clock is makes using Touch Sense Switches very easy.

Timer 3 may be clocked by the system clock, the system clock divided by 12, external oscillator source
divided by 8, or Comparator 1 output. The external oscillator source divided by 8 and Comparator 1 output
is synchronized with the system clock.

25.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is zero, Timer 3 operates as a 16-bit timer with auto-reload. Timer 3 can be
clocked by SYSCLK, SYSCLK divided by 12, external oscillator clock source divided by 8, or Comparator 1
output. As the 16-bit timer register increments and overflows from OxFFFF to 0x0000, the 16-bit value in
the Timer 3 reload registers (TMR3RLH and TMR3RLL) is loaded into the Timer 3 register as shown in
Figure 25.7, and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled
(if EIE1.7 is set), an interrupt will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts
are enabled and the TF3LEN bit is set (TMR3CN.5), an interrupt will be generated each time the lower 8
bits (TMR3L) overflow from OxFF to 0x00.

T3XCLK[1:0] — CKCON
T|T|T|T|T|T|S|S
3(3|2|2[1|o|c|c
MIMMM|MIM[A[A
SYSCLK /12 —| 00 HL|H|L] | [2]o
External Clock / 8 — 01 To ADC
0
TCLK
SYSCLK/12 — 10 RS < TMR3L | TMR3H > TE3H —
TF3L
3 [[TE3LEN
Comparator 1 — 11 1 £ [TESCEN
ZLIRe —>
T3XCLK1
T3XCLKO

TMRS3RLL [ TMR3RLH [«
Reload

SYSCLK

Figure 25.7. Timer 3 16-Bit Mode Block Diagram
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25.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 25.8. TMR3RLL holds the reload value for TMR3L; TMR3RLH
holds the reload value for TMR3H. The TR3 bit in TMR3CN handles the run control for TMR3H. TMR3L is
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, the external oscillator clock
source divided by 8, or Comparator 1. The Timer 3 Clock Select bits (T3MH and T3ML in CKCON) select
either SYSCLK or the clock defined by the Timer 3 External Clock Select bits (T3XCLK[1:0] in TMR3CN),
as follows:

T3MH | T3XCLK[1:0]| TMR3H Clock T3ML | T3XCLK[1:0]| TMR3L Clock
Source Source
0 00 SYSCLK /12 0 00 SYSCLK /12
0 01 External Clock / 8 0 01 External Clock / 8
0 10 SYSCLK /12 0 10 SYSCLK /12
0 11 Comparator 1 0 11 Comparator 1
1 X SYSCLK 1 X SYSCLK

The TF3H bit is set when TMR3H overflows from OxFF to Ox00; the TF3L bit is set when TMR3L overflows
from OxFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each
time either TMR3L or TMR3H overflows. When TF3LEN is enabled, software must check the TF3H and
TF3L flags to determine the source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not
cleared by hardware and must be manually cleared by software.

T3XCLK[1:0] CKCON
T[T]T[T[T[T[S[S!
3|3(2|2|1|0|C|C|
MMMIMIM[M[A A Reload
SYSCLK /12 —| 00 nlclnlel | fzlo TMR3RLH
External Clock /8 — 01 O: ll
TCLK
SYSCLK /12 — 10 TR3 TMR3H > TF% Interrupt
»[ TF3L
1 - TFALEN |
Comparator 1 — 11 TF3CEN
p Celond § TISPUIT
TMR3RLL €52 = [T3XCLKT

SYSCLK T3XCLKO

To ADC

TCLK | TMR3L

\ 4

0

Figure 25.8. Timer 3 8-Bit Mode Block Diagram
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25.3.3. Comparator 1/External Oscillator Capture Mode

The Capture Mode in Timer 3 allows either Comparator 1 or the external oscillator period to be measured
against the system clock or the system clock divided by 12. Comparator 1 and the external oscillator
period can also be compared against each other.

Setting TF3CEN to 1 enables the Comparator 1/External Oscillator Capture Mode for Timer 3. In this
mode, T3SPLIT should be set to 0, as the full 16-bit timer is used.

When Capture Mode is enabled, a capture event will be generated either every Comparator 1 rising edge
or every 8 external clock cycles, depending on the T3XCLK1 setting. When the capture event occurs, the
contents of Timer 3 (TMR3H:TMR3L) are loaded into the Timer 3 reload registers (TMR3RLH: TMR3RLL)
and the TF3H flag is set (triggering an interrupt if Timer 3 interrupts are enabled). By recording the differ-
ence between two successive timer capture values, the Comparator 1 or external clock period can be
determined with respect to the Timer 3 clock. The Timer 3 clock should be much faster than the capture
clock to achieve an accurate reading.

For example, if T3ML = 1b, T3XCLK1 = 0b, and TF3CEN = 1b, Timer 3 will clock every SYSCLK and cap-
ture every Comparator 1 rising edge. If SYSCLK is 24.5 MHz and the difference between two successive
captures is 350 counts, then the Comparator 1 period is:

350 x (1/24.5 MHz) = 14.2 pus.

This mode allows software to determine the exact frequency of the external oscillator in C and RC mode or
the time between consecutive Comparator O rising edges, which is useful for detecting changes in the
capacitance of a Touch Sense Switch.

T3XCLK][1:0]
SYSCLK /12 — 00 CKCON
T[T[T[T[T]T[S[S
3|3|2|2|1|oc|c
External Clock /8 — 01 MIMM[M|M[M[A|A
H|L[H[L 1|0
SYSCLK /12 — 10
Comparator 1 — 11 0 oLk
TR3 TMR3L | TMR3H
SYSCLK —— 11 Capture
T3XCLK1
TMR3RLL | TMR3RLH TF3H _|— Interrupt
l TE3L
& [TF3LEN
& [ TF3CEN |—>
Comparator 1 X [ T3SPLIT
EL RS 1—>

T3XCLKL
—+_ T3XCLKO ] >

External Clock / 8

Figure 25.9. Timer 3 Capture Mode Block Diagram
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SFR Definition 25.13. TMR3CN: Timer 3 Control

Bit 7 6 5 4 3 2 1 0
Name | TF3H TF3L TF3LEN | TF3CEN | T3SPLIT TR3 T3XCLKJ[1:0]
Type R/IW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0x91
Bit Name Function
7 TF3H Timer 3 High Byte Overflow Flag.

Set by hardware when the Timer 3 high byte overflows from OxFF to 0x00. In 16 bit
mode, this will occur when Timer 3 overflows from OxFFFF to 0x0000. When the
Timer 3 interrupt is enabled, setting this bit causes the CPU to vector to the Timer 3
interrupt service routine. This bit is not automatically cleared by hardware.

6 TF3L Timer 3 Low Byte Overflow Flag.

Set by hardware when the Timer 3 low byte overflows from OxFF to 0x00. TF3L will
be set when the low byte overflows regardless of the Timer 3 mode. This bit is not
automatically cleared by hardware.

5 TF3LEN | Timer 3 Low Byte Interrupt Enable.

When set to 1, this bit enables Timer 3 Low Byte interrupts. If Timer 3 interrupts are
also enabled, an interrupt will be generated when the low byte of Timer 3 overflows.

4 TF3CEN |Timer 3 Comparator 1/External Oscillator Capture Enable.
When set to 1, this bit enables Timer 3 Capture Mode.

3 T3SPLIT |Timer 3 Split Mode Enable.

When this bit is set, Timer 3 operates as two 8-bit timers with auto-reload.
0: Timer 3 operates in 16-bit auto-reload mode.
1: Timer 3 operates as two 8-bit auto-reload timers.

2 TR3 Timer 3 Run Control.

Timer 3 is enabled by setting this bit to 1. In 8-bit mode, this bit enables/disables
TMR3H only; TMR3L is always enabled in split mode.

1.0 | T3XCLK][1:0] | Timer 3 External Clock Select.

This bit selects the “external” and “capture trigger” clock sources for Timer 3. If
Timer 3 is in 8-bit mode, this bit selects the “external” clock source for both timer
bytes. Timer 3 Clock Select bits (T3MH and T3ML in register CKCON) may still be
used to select between the “external” clock and the system clock for either timer.
Note: External clock sources are synchronized with the system clock.

00: External Clock is SYSCLK /12. Capture trigger is Comparator 1.

01: External Clock is External Oscillator/8. Capture trigger is Comparator 1.

10: External Clock is SYSCLK/12. Capture trigger is External Oscillator/8.

11: External Clock is Comparator 1. Capture trigger is External Oscillator/8.
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SFR Definition 25.14. TMR3RLL: Timer 3 Reload Register Low Byte

Bit 7 6 5 4 3 2 1 0
Name TMR3RLL[7:0]

Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0x92
Bit Name Function

7:0 | TMR3RLL[7:0] | Timer 3 Reload Register Low Byte.
TMR3RLL holds the low byte of the reload value for Timer 3.

SFR Definition 25.15. TMR3RLH: Timer 3 Reload Register High Byte

Bit 7 6 5 4 3
Name TMR3RLH[7:0]
Type R/W
Reset 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0x93
Bit Name Function

7:0 | TMR3RLH[7:0]

Timer 3 Reload Register High Byte.

TMR3RLH holds the high byte of the reload value for Timer 3.
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SFR Definition 25.16. TMR3L: Timer 3 Low Byte

Bit 7 6 5 4 3 0
Name TMR3L[7:0]
Type R/W
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0x94
Bit Name Function
7:0 | TMR3L[7:0] |Timer 3 Low Byte.

In 16-bit mode, the TMRS3L register contains the low byte of the 16-bit Timer 3. In
8-bit mode, TMR3L contains the 8-bit low byte timer value.

SFR Definition 25.17. TMR3H Timer 3 High Byte

Bit 7 6 5 4 3 0
Name TMR3H[7:0]
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0x95
Bit Name Function
7:0 | TMR3H[7:0] |Timer 3 High Byte.
In 16-bit mode, the TMR3H register contains the high byte of the 16-bit Timer 3. In
8-bit mode, TMR3H contains the 8-bit high byte timer value.
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26. Programmable Counter Array

The Programmable Counter Array (PCAO) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer
and six 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line
(CEXn) which is routed through the Crossbar to Port I/O when enabled. The counter/timer is driven by a
programmable timebase that can select between seven sources: system clock, system clock divided by
four, system clock divided by twelve, the external oscillator clock source divided by 8, SmaRTClock divided
by 8 ('(F912 and 'F902 devices only), Timer 0 overflows, or an external clock signal on the ECI input pin.
Each capture/compare module may be configured to operate independently in one of six modes: Edge-
Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8 to 11-Bit PWM, or 16-Bit
PWM (each mode is described in Section “26.3. Capture/Compare Modules” on page 300). The external
oscillator clock option is ideal for real-time clock (RTC) functionality, allowing the PCA to be clocked by a
precision external oscillator while the internal oscillator drives the system clock. The PCA is configured and
controlled through the system controller's Special Function Registers. The PCA block diagram is shown in
Figure 26.1.

Important Note: The PCA Module 5 may be used as a watchdog timer (WDT), and is enabled in this mode
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled.
See Section 26.4 for details.

SYSCLK/12
SYSCLK/4
Timer 0 Overflow
PCA . )
el CLOCK 16-Bit Counter/Timer
> MUX
SYSCLK

External Clock/8
—>

SmaRTClock/8*

*Only available on ‘F912 and ‘F902 devices.

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Module 0 Module 1 Module 2 Module 3 Module 4 Module 5/ WDT
A A A A A A
m (@] O (@] (@] O (@]
9] m m m m m m
= x x X x = x
o [ N w B (&2}
Y Y Y Y A Y
Crossbar
:’""“‘ TTTTTTTA
: Port 1/10 |
]

Figure 26.1. PCA Block Diagram
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26.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCAOL and PCAOH. PCAOQH is the high byte
(MSB) of the 16-bit counter/timer and PCAOL is the low byte (LSB). Reading PCAOL automatically latches
the value of PCAQH into a “snapshot” register; the following PCAOH read accesses this “snapshot” register.
Reading the PCAOL Register first guarantees an accurate reading of the entire 16-bit PCAOQ counter.
Reading PCAOH or PCAOL does not disturb the counter operation. The CPS2—CPSO0 bits in the PCAOMD
register select the timebase for the counter/timer as shown in Table 26.1.

When the counter/timer overflows from OxFFFF to 0x0000, the Counter Overflow Flag (CF) in PCAOMD is
set to logic 1 and an interrupt request is generated if CF interrupts are enabled. Setting the ECF bit in
PCAOMD to logic 1 enables the CF flag to generate an interrupt request. The CF bit is not automatically
cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared by
software. Clearing the CIDL bit in the PCAOMD register allows the PCA to continue normal operation while
the CPU is in Idle mode.

Table 26.1. PCA Timebase Input Options

CPS2 CPS1 CPSO Timebase
0 0 0 System clock divided by 12
0 0 1 System clock divided by 4
0 1 0 Timer 0 overflow
0 1 1 High-to-low transitions on ECI (max rate = system clock divided
by 4)
1 0 0 System clock
1 0 1 External oscillator source divided by 8%
1 1 0 SmaRTClock oscillator source divided by 82
1 1 1 Reserved
Notes:
1. External oscillator source divided by 8 is synchronized with the system clock.
2. SmaRTClock oscillator source divided by 8 is synchronized with the system clock and is only
available on 'F912 and 'F902 devices. This setting is reserved on all other devices.
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PCAOMD PCAOCN
C(w|w| |C|C|C|E C|C|C|C|C|C|C|C
1|D|D[ [P|P|P|C F[R|C|C|C|C|C|C
D|T|L| [S|S|S|F F|F|F|F|F|F
LIE|c| [2]|z[o 5(4|3[2|1|0 ™ To SFR Bus
K PCAOL
N Y read
Snapshot
v Register
SYSCLK/12 000
SYSCLK/4 001
Timer 0 Overflow Yo
—————— % 010 0/ Ol—b PCAOH PCAOL TOverﬂow To PCA Interrupt System
ECI—) 011
CF
SYSCLK 100
External Clock/8 101 ,> To PCA Modules
SmaRTClock/8* 110

*Only available on ‘F912 and ‘F902 devices.

Figure 26.2. PCA Counter/Timer Block Diagram

26.2. PCAO Interrupt Sources

Figure 26.3 shows a diagram of the PCA interrupt tree. There are eight independent event flags that can
be used to generate a PCAO interrupt. They are: the main PCA counter overflow flag (CF), which is set
upon a 16-bit overflow of the PCAO counter, an intermediate overflow flag (COVF), which can be set on an
overflow from the 8th, 9th, 10th, or 11th bit of the PCAO counter, and the individual flags for each PCA
channel (CCFO0, CCF1, CCF2, CCF3, CCF4, and CCF5), which are set according to the operation mode of
that module. These event flags are always set when the trigger condition occurs. Each of these flags can
be individually selected to generate a PCAOQ interrupt, using the corresponding interrupt enable flag (ECF
for CF, ECOV for COVF, and ECCFn for each CCFn). PCAO interrupts must be globally enabled before any
individual interrupt sources are recognized by the processor. PCAOQ interrupts are globally enabled by
setting the EA bit and the EPCAO bit to logic 1.
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(forn=0to 5)

PCAOCPMn PCAOCN PCAOMD PCAOPWM
P[E[C|C[MT|P|E| |C|C|C|C|C|C|C|C| |CIWW |C|C|C[E A|CIE C|C
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M|O|P|P|T|G|M|C| F|F|F|F|F|F D|T[L| |S|S|S|F S|V[O S|S|
1|IMPIN[n|n|n|F! 5|4|3(2|1(0 L|E|C| |2|1|0 E[F|V] E|E|
6|n|n[n n K] L L|L
n 1|0
' |
PCA Counter/Timer 8, 9, _ . .
10 or 11-bit Overflow LF,—» Set 8, 9, 10, or 11 bit Operation
v
PCA Counter/Timer 16- o 0 0
bit Overflow 1 0
ECCFO EPCAO _l EA _l
_¢ 0 \ 0 0 Interrupt
PCA Module 0 e l o o Priority
ECCF1
PCA Module 1 }c"
(CCF1) 1
ECCF2
PCA Module 2 }CO
(CCF2)
ECCF3
PCA Module 3 }CO
(CCF3) 1
ECCF4
PCA Module 4 }CO
(CCF4) 1
ECCF5
PCA Module 5 }CO
(CCF5) 1

Figure 26.3. PCA Interrupt Block Diagram
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26.3. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: edge-triggered
capture, software timer, high speed output, frequency output, 8 to 11-bit pulse width modulator, or 16-bit
pulse width modulator. Each module has special function registers (SFRs) associated with it in the CIP-51
system controller. These registers are used to exchange data with a module and configure the module's
mode of operation. Table 26.2 summarizes the bit settings in the PCAOCPMn and PCAOPWM registers
used to select the PCA capture/compare module’s operating mode. Note that all modules set to use 8, 9,
10, or 11-bit PWM mode must use the same cycle length (8-11 bits). Setting the ECCFn bit in a
PCAOCPMn register enables the module's CCFn interrupt.

Table 26.2. PCAOCPM and PCAOPWM Bit Settings for PCA Capture/Compare Modules

Operational Mode PCAOCPMn PCAOPWM

Bit Number] 7|6 |5(4|3(2|1|0]7|6|5| 4-2 |1-0
Capture triggered by positive edge on CEXn XIX[{1[O0[O[O|O[A]JO|X|B| XXX | XX
Capture triggered by negative edge on CEXn X|X[O0[1|O0O|O|[O|AJO|X|B| XXX | XX
Capture triggered by any transition on CEXn X{X|1[1]|0|0|0[AJO|X|B| XXX | XX
Software Timer X[{C|O0|0O|1]|0|0|AJO|X|B| XXX | XX
High-Speed Output X|C|O[O[2|2|0|A]JO|X|B| XXX | XX
Frequency Output X[{C|O|O|O0O|1]|1|A]JO|X|B| XXX | XX
8-Bit Pulse Width Modulator (Note 7) O|C|[O|O|E|[O|1|A]JO|X|B|XXX | 00
9-Bit Pulse Width Modulator (Note 7) O(C|O|O|E|O|1|A]|D|X|B| XXX | 01
10-Bit Pulse Width Modulator (Note 7) O[C|O|O|E|O|1|A]D|X|B| XXX | 10
11-Bit Pulse Width Modulator (Note 7) O|C|[O|O0|E|O|1|A|D|X|B|XXX| 11
16-Bit Pulse Width Modulator 1{C|O|O|E|O|1|A]JO|X|B| XXX ]| XX

Notes:
1. X =Don't Care (no functional difference for individual module if 1 or 0).
2. A = Enable interrupts for this module (PCA interrupt triggered on CCFn set to 1).
3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL[1:0]).
4. C =When set to 0, the digital comparator is off. For high speed and frequency output modes, the
associated pin will not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).
5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated
channel is accessed via addresses PCAOCPHN and PCAOCPLnN.
E = When set, a match event will cause the CCFn flag for the associated channel to be set.
7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting.

o
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26.3.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA
counter/timer and load it into the corresponding module's 16-bit capture/compare register (PCAOCPLn and
PCAOCPHnN). The CAPPn and CAPNn bits in the PCAOCPMn register are used to select the type of
transition that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative
edge), or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag
(CCFn) in PCAOCN is set to logic 1. An interrupt request is generated if the CCFn interrupt for that module
is enabled. The CCFn bit is not automatically cleared by hardware when the CPU vectors to the interrupt
service routine, and must be cleared by software. If both CAPPn and CAPNN bits are set to logic 1, then
the state of the Port pin associated with CEXn can be read directly to determine whether a rising-edge or

falling-edge caused the capture.

PCA Interrupt
PCAOCPMn
PIE[CICIMTIP[E G
W|C|A|A[A[O[W|C C|C C|C|C
M|O|P|P|T|G|M|C FIR C|C|C
1|M[P[N|n|n|n|F F(F|F
6(n[n|n n 2|110
n
X X 000 x
bCL PCAOCPLN PCAOCPHnN
5 o
o ¢ =
e x
I
Port 1/0 |X’———i Crossbar ICExn }0 Capt”":b| | >| |
______ - C
At ;
PCA PCAOL PCAOH

Timebase

Figure 26.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized by the

hardware.
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26.3.2. Software Timer (Compare) Mode

In Software Timer mode, the PCA counter/timer value is compared to the module's 16-bit capture/compare
register (PCAOCPHn and PCAOCPLn). When a match occurs, the Capture/Compare Flag (CCFn) in
PCAOCN is set to logic 1. An interrupt request is generated if the CCFn interrupt for that module is
enabled. The CCFn bit is not automatically cleared by hardware when the CPU vectors to the interrupt
service routine, and must be cleared by software. Setting the ECOMn and MATn bits in the PCAOCPMn
register enables Software Timer mode.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO
Capture/Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

Write to
PCAOCPLNn 0
Reset
Write to ]
PCAOCPHN ﬁ PCA Interrupt
1

vPCAOCPMn n—|:|
P[E[C[CIMT]P[E PCAOCN
wic|a|AlAlojw|c clc clclc
M[O|PIP| TIGIMIC PCAOCPLn | PCAOCPHn FIR cc|c
1IMP[N[n|n|n(F FlEIF
6|n|nfn n 2l1lo
n
x| 00 ] 00X

v 0
Enable > 16-bit Comparator Match o/cl
PCA
Tebase PCAOL PCAOH
Figure 26.5. PCA Software Timer Mode Diagram
®
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26.3.3. High-Speed Output Mode

In High-speed output mode, a module’s associated CEXn pin is toggled each time a match occurs
between the PCA Counter and the module's 16-bit capture/compare register (PCAOCPHNn and
PCAOCPLnN). When a match occurs, the Capture/Compare Flag (CCFn) in PCAOCN is set to logic 1. An
interrupt request is generated if the CCFn interrupt for that module is enabled. The CCFn bit is not
automatically cleared by hardware when the CPU vectors to the interrupt service routine, and must be
cleared by software. Setting the TOGn, MATn, and ECOMn bits in the PCAOCPMn register enables the
High-Speed Output mode. If ECOMn is cleared, the associated pin will retain its state, and not toggle on
the next match event.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO
Capture/Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

Write to
PCAOCPLN

Reset

_ LPCAOCPMn
Write to
PCAOCPHN PIE|C|ICIMIT|P|E
w{c|A|A|A[ojw|C
M|O|P|P|T|G|M|C
1[M[P|N|n|n|n|F
6|n[n|n n
n
x [ 00 0 x
L PCA Interrupt
PCAOCN
C|C C|C|C
PCAOCPLN PCAOCPHN FIR c|c|c
F|F|F
2|1|0
7y
0
Enable,, 16-hit Comparator Match o/ol
TOGn
Toggle ¢ —————= 1
X: —o/0 CEXQ! Crossbar :—|X| Port 1/O
PCA 1 | I
PCAOL PCAOH | ——  em——— a

Timebase

Figure 26.6. PCA High-Speed Output Mode Diagram
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26.3.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated
CEXn pin. The capture/compare module high byte holds the number of PCA clocks to count before the
output is toggled. The frequency of the square wave is then defined by Equation 26.1.

E — I:PCA
CEXn ™ 2 % PCAOCPHnN

Note: A value of 0x00 in the PCAOCPHN register is equal to 256 for this equation.

Equation 26.1. Square Wave Frequency Output

Where Fpcp is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register,

PCAOMD. The lower byte of the capture/compare module is compared to the PCA counter low byte; on a
match, CEXn is toggled and the offset held in the high byte is added to the matched value in PCAOCPLnN.
Frequency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCAOCPMn
register. Note that the MATn bit should normally be set to 0 in this mode. If the MATn bit is set to 1, the
CCFn flag for the channel will be set when the 16-bit PCAO counter and the 16-bit capture/compare
register for the channel are equal.

Write to
PCAOCPLN

Reset
3 PCAOCPMN { ] |
Write to HEEENUEE
PCAOCPHN w|C|A[A|A[O[w|C N o [ a—
ulolplplTlcivle PCAOCPLNn Y 8-bit Adder [ PCAOCPHN
1IM[P[N[n|n{n|F
AdderT
) ) n Enable
n TOGn
X000 X Toggle -——-—- 1
Enable 8-Dit matehl) ¥ +——o ® CExg Crossbar ||—|g Port I/O
Comparator g 1 |

PCA Timebase

—> PCAOL

Figure 26.7. PCA Frequency Output Mode
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26.3.5. 8-Bit, 9-Bit, 10-Bit and 11-Bit Pulse Width Modulator Modes

Each module can be used independently to generate a pulse width modulated (PWM) output on its
associated CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer,
and the setting of the PWM cycle length (8, 9, 10 or 11-bits). For backwards-compatibility with the 8-bit
PWM mode available on other devices, the 8-bit PWM mode operates slightly different than 9, 10 and 11-
bit PWM modes. It is important to note that all channels configured for 8/9/10/11-bit PWM mode will
use the same cycle length. It is not possible to configure one channel for 8-bit PWM mode and another
for 11-bit mode (for example). However, other PCA channels can be configured to Pin Capture, High-
Speed Output, Software Timer, Frequency Output, or 16-bit PWM mode independently.

26.3.5.1. 8-Bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 8-bit PWM mode is varied using the module's PCAOCPLn
capture/compare register. When the value in the low byte of the PCA counter/timer (PCAOL) is equal to the
value in PCAOCPLn, the output on the CEXn pin will be set. When the count value in PCAOL overflows, the
CEXn output will be reset (see Figure 26.8). Also, when the counter/timer low byte (PCAOL) overflows from
OxFF to 0x00, PCAOCPLn is reloaded automatically with the value stored in the module’s capture/compare
high byte (PCAOCPHnN) without software intervention. Setting the ECOMn and PWMn bits in the
PCAOCPMn register, and setting the CLSEL bits in register PCAOPWM to 00b enables 8-Bit Pulse Width
Modulator mode. If the MATnN bit is set to 1, the CCFn flag for the module will be set each time an 8-bit
comparator match (rising edge) occurs. The COVF flag in PCAOPWM can be used to detect the overflow
(falling edge), which will occur every 256 PCA clock cycles. The duty cycle for 8-Bit PWM Mode is given in
Equation 26.2.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO
Capture/Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

CAOCPHNnN)
256
Equation 26.2. 8-Bit PWM Duty Cycle

Using Equation 26.2, the largest duty cycle is 100% (PCAOCPHn = 0), and the smallest duty cycle is
0.39% (PCAOCPHN = OxFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Duty Cycle = (256-P

Write to
PCAOCPLN 0
Reset PCAOCPHnN
Write to ]
PCAOCPHN
:|1 $— COVF
——>
PCAOPWM yPCAOCPMn
A|E|C C|C P[E[C|CIM|T|P|E
R|C|O| L(L \W|C|A|A|A|O|W|C
S|O|V S|S M|O|P|P[T|G|M|C PCAOCPLn
E|V|F E|E 1[M|PIN|n|n|n|F
L L|L 6|n|{n|n n
1|0 n
00 0

0 XT 00x0[x -————- .
i |
|—| \ _ Enable 8-bit 3 match s ¥ Q CEXn | |—g Port 110

Comparator 1 Crossbar

PCAOL

PCA Timebase
—>

Overflow

Figure 26.8. PCA 8-Bit PWM Mode Diagram
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26.3.5.2. 9/10/11-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 9/10/11-bit PWM mode should be varied by writing to an “Auto-
Reload” Register, which is dual-mapped into the PCAOCPHN and PCAOCPLn register locations. The data
written to define the duty cycle should be right-justified in the registers. The auto-reload registers are
accessed (read or written) when the bit ARSEL in PCAOPWM is set to 1. The capture/compare registers
are accessed when ARSEL is set to 0.

When the least-significant N bits of the PCAO counter match the value in the associated module’s
capture/compare register (PCAOCPn), the output on CEXn is asserted high. When the counter overflows
from the Nth bit, CEXn is asserted low (see Figure 26.9). Upon an overflow from the Nth bit, the COVF flag
is set, and the value stored in the module’s auto-reload register is loaded into the capture/compare
register. The value of N is determined by the CLSEL bits in register PCAOPWM.

The 9, 10 or 11-bit PWM mode is selected by setting the ECOMn and PWMn bits in the PCAOCPMn
register, and setting the CLSEL bits in register PCAOPWM to the desired cycle length (other than 8-bits). If
the MATnN bit is set to 1, the CCFn flag for the module will be set each time a comparator match (rising
edge) occurs. The COVF flag in PCAOPWM can be used to detect the overflow (falling edge), which will
occur every 512 (9-bit), 1024 (10-bit) or 2048 (11-bit) PCA clock cycles. The duty cycle for 9/10/11-Bit
PWM Mode is given in Equation 26.2, where N is the number of bits in the PWM cycle.

Important Note About PCAOCPHNn and PCAOCPLn Registers: When writing a 16-bit value to the

PCAOCPN registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn
bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

_ (2N—PCAOCPnN)
e =
2N

Equation 26.3. 9, 10, and 11-Bit PWM Duty Cycle
A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Duty Cycl

Write to
PCAOCPLNn 0 R/W when
_ (Auto-Reload)
ARSEL =1 PCAOPWM
Reset <——3% PCAOCPH:Ln el o
Write to — (right-justified) rlclo Ll
PCAOCPHN } S|OfV S|S
1 (————— E[V|F E|E
L L[L
yPCAOCPMn 110
P[E[c]cIM[T]P]E R/W when v:A
_ Capture/Compare) N hite-
wiclalalalolwlc ARSEL=0 | Set "N bits:
ulolplplTlcivlc <« PQAOCRH:Ln 01 =9 bits
1|MP|N|n|n|n|F (UBhtSted) 10 = 10 bits
6Inlnln n 11 = 11 bits
n
0[00x0 | x

Enable

mateh g s o |- SEXNY crossbar —X] Port1/0

TT R car Q
PCA Timebase ’_>

— > PCAOH:L

N-bit Comparator

Overflow of N" Bit

Figure 26.9. PCA 9, 10 and 11-Bit PWM Mode Diagram
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26.3.6. 16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. 16-bit PWM mode is independent of the other
(8/9/10/11-bit) PWM modes. In this mode, the 16-bit capture/compare module defines the number of PCA
clocks for the low time of the PWM signal. When the PCA counter matches the module contents, the
output on CEXn is asserted high; when the 16-bit counter overflows, CEXn is asserted low. To output a
varying duty cycle, new value writes should be synchronized with PCA CCFn match interrupts. 16-Bit
PWM Mode is enabled by setting the ECOMn, PWMn, and PWM16n bits in the PCAOCPMn register. For a
varying duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATn = 1) to help synchronize
the capture/compare register writes. If the MATn bit is set to 1, the CCFn flag for the module will be set
each time a 16-bit comparator match (rising edge) occurs. The CF flag in PCAOCN can be used to detect
the overflow (falling edge). The duty cycle for 16-Bit PWM Mode is given by Equation 26.4.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO
Capture/Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

(65536 — PCAOCPnN)
65536
Equation 26.4. 16-Bit PWM Duty Cycle

Using Equation 26.4, the largest duty cycle is 100% (PCAOCPn = 0), and the smallest duty cycle is
0.0015% (PCAOCPnN = OxFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Duty Cycle =

Write to
PCAOCPLN 0

Reset

Write to

PCAOCPHnN }
1

yPCAOCPMn
P|E[C|CIM[T|P|E
\W|C|A|A|AlO|W|C
wvlolplp|TlcIvlc PCAOCPHnN PCAOCPLn
1|M[P[N|n[n|n|F
6|n|n|n n
n
1 00x0 x N/ 000000\ e
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|
16-bit Comparator matefy s ™ Q CEXn Crossbar |—|Z Port I/O
|

T T T [ |—» R
PCA Timebase > PCAOH PCAOL

Overflow

Figure 26.10. PCA 16-Bit PWM Mode
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26.4. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCA Module 5. The WDT is used
to generate a reset if the time between writes to the WDT update register (PCAOCPHS5) exceed a specified
limit. The WDT can be configured and enabled/disabled as needed by software.

With the WDTE bit set in the PCAOMD register, Module 5 operates as a watchdog timer (WDT). The
Module 5 high byte is compared to the PCA counter high byte; the Module 5 low byte holds the offset to be
used when WDT updates are performed. The Watchdog Timer is enabled on reset. Writes to some
PCA registers are restricted while the Watchdog Timer is enabled. The WDT will generate a reset
shortly after code begins execution. To avoid this reset, the WDT should be explicitly disabled (and
optionally re-configured and re-enabled if it is used in the system).

26.4.1. Watchdog Timer Operation

While the WDT is enabled:

e PCA counter is forced on.

*  Writes to PCAOL and PCAOQOH are not allowed.

e PCA clock source hits (CPS2—-CPS0) are frozen.

e PCA Idle control bit (CIDL) is frozen.

e Module 5 is forced into software timer mode.

»  Writes to the Module 5 mode register (PCAOCPM5) are disabled.

While the WDT is enabled, writes to the CR bit will not change the PCA counter state; the counter will run
until the WDT is disabled. The PCA counter run control bit (CR) will read zero if the WDT is enabled but
user software has not enabled the PCA counter. If a match occurs between PCAOCPH5 and PCAOH while
the WDT is enabled, a reset will be generated. To prevent a WDT reset, the WDT may be updated with a
write of any value to PCAOCPHS5. Upon a PCAOCPHS5 write, PCAOH plus the offset held in PCAOCPLS is
loaded into PCAOCPHS5 (See Figure 26.11).

PCAOMD
C|w[w| |C|C|C|E
olol 1elelele "> PCAOCPHS
D|T|L| [S|S|S|F
L|E|C 211(0
K

i: > 8-bit Match Rese
Enable | Comparator

il

PCAOCPLS [ s8-bitAdder K| PCAOH PCAOL Overflow

A

kAdder
Enable

Write to
PCAOCPH5

Figure 26.11. PCA Module 5 with Watchdog Timer Enabled
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The 8-bit offset held in PCAOCPHS5 is compared to the upper byte of the 16-bit PCA counter. This offset
value is the number of PCAOL overflows before a reset. Up to 256 PCA clocks may pass before the first
PCAOL overflow occurs, depending on the value of the PCAOL when the update is performed. The total
offset is then given (in PCA clocks) by Equation 26.5, where PCAOL is the value of the PCAOL register at
the time of the update.

Offset = (256 x PCAOCPLS5) + (256 — PCAOL)

Equation 26.5. Watchdog Timer Offset in PCA Clocks

The WDT reset is generated when PCAOL overflows while there is a match between PCAOCPH5 and
PCAOQH. Software may force a WDT reset by writing a 1 to the CCF5 flag (PCAOCN.5) while the WDT is
enabled.

26.4.2. Watchdog Timer Usage

To configure the WDT, perform the following tasks:

» Disable the WDT by writing a 0 to the WDTE bit.

» Select the desired PCA clock source (with the CPS2—CPSO0 bits).

* Load PCAOCPLS5 with the desired WDT update offset value.

» Configure the PCA Idle mode (set CIDL if the WDT should be suspended while the CPU is in Idle
mode).

» Enable the WDT by setting the WDTE bit to 1.

* Reset the WDT timer by writing to PCAOCPHS5.

The PCA clock source and Idle mode select cannot be changed while the WDT is enabled. The watchdog
timer is enabled by setting the WDTE or WDLCK bits in the PCAOMD register. When WDLCK is set, the
WDT cannot be disabled until the next system reset. If WDLCK is not set, the WDT is disabled by clearing
the WDTE bit.

The WDT is enabled following any reset. The PCAO counter clock defaults to the system clock divided by
12, PCAOL defaults to 0x00, and PCAOCPL5 defaults to 0x00. Using Equation 26.5, this results in a WDT
timeout interval of 256 PCA clock cycles, or 3072 system clock cycles. Table 26.3 lists some example
timeout intervals for typical system clocks.

Table 26.3. Watchdog Timer Timeout Intervals

System Clock (Hz) PCAOCPL5 Timeout Interval (ms)
24,500,000 255 32.1
24,500,000 128 16.2
24,500,000 32 4.1
3,062,500 255 257
3,062,500 128 129.5
3,062,500 32 33.1

32,000 255 24576
32,000 128 12384
32,000 32 3168

*Note: Internal SYSCLK reset frequency = Internal Oscillator divided by 8.

309 Rev. 1.3

SILICON LABS



C8051F91x-C8051F90x

26.5. Register Descriptions for PCAO

Following are detailed descriptions of the special function registers related to the operation of the PCA.

SFR Definition 26.1. PCAOCN: PCA Control

Bit 7 6 5 4 3 2 1 0
Name CF CR CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xD8; Bit-Addressable
Bit Name Function

7 CF PCA Counter/Timer Overflow Flag.

Set by hardware when the PCA Counter/Timer overflows from OxFFFF to 0x0000.
When the Counter/Timer Overflow (CF) interrupt is enabled, setting this bit causes the
CPU to vector to the PCA interrupt service routine. This bit is not automatically cleared
by hardware and must be cleared by software.

6 CR PCA Counter/Timer Run Control.

This bit enables/disables the PCA Counter/Timer.
0: PCA Counter/Timer disabled.
1: PCA Counter/Timer enabled.

5:0 | CCF[5:0] |PCA Module n Capture/Compare Flag.
These bits are set by hardware when a match or capture occurs in the associated PCA
Module n. When the CCFn interrupt is enabled, setting this bit causes the CPU to
vector to the PCA interrupt service routine. This bit is not automatically cleared by
hardware and must be cleared by software.
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SFR Definition 26.2. PCAOMD: PCA Mode

Bit 7 6 5 4 3 2 1 0
Name CIDL WDTE WDLCK CPS2 CPS1 CPSO ECF
Type R/W R/W R/W R R/W R/W R/W R/W
Reset 0 1 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xD9

Bit Name Function

7 CIDL PCA Counter/Timer Idle Control.
Specifies PCA behavior when CPU is in Idle Mode.
0: PCA continues to function normally while the system controller is in Idle Mode.
1: PCA operation is suspended while the system controller is in Idle Mode.

6 WDTE |Watchdog Timer Enable.
If this bit is set, PCA Module 2 is used as the watchdog timer.
0: Watchdog Timer disabled.
1: PCA Module 2 enabled as Watchdog Timer.
5 WDLCK |Watchdog Timer Lock.
This bit locks/unlocks the Watchdog Timer Enable. When WDLCK is set, the Watchdog
Timer may not be disabled until the next system reset.
0: Watchdog Timer Enable unlocked.
1: Watchdog Timer Enable locked.

4 Unused |Read = 0b, Write = don't care.

3:1 | CPSJ2:0] |PCA Counter/Timer Pulse Select.
These bits select the timebase source for the PCA counter
000: System clock divided by 12
001: System clock divided by 4
010: Timer O overflow
011: High-to-low transitions on ECI (max rate = system clock divided by 4)
100: System clock
101: External clock divided by 8 (synchronized with the system clock)
110: SmaRTClock divided by 8 (synchronized with the system clock and only avail-
able on ‘F912 and ‘F902 devices -- this setting is reserved on all other devices)
111: Reserved

0 ECF PCA Counter/Timer Overflow Interrupt Enable.
This bit sets the masking of the PCA Counter/Timer Overflow (CF) interrupt.
0: Disable the CF interrupt.
1: Enable a PCA Counter/Timer Overflow interrupt request when CF (PCAOCN.7) is
set.

Note: When the WDTE bit is set to 1, the other bits in the PCAOMD register cannot be modified. To change the
contents of the PCAOMD register, the Watchdog Timer must first be disabled.
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SFR Definition 26.3. PCAOPWM: PCA PWM Configuration

Bit 7 6 5 4 3 2 1 0
Name | ARSEL | ECOV COVF CLSEL[1:0]
Type | RIW RIW RIW R R R RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxDF

Bit

Name

Function

7

ARSEL

Auto-Reload Register Select.

This bit selects whether to read and write the normal PCA capture/compare registers
(PCAOCPN), or the Auto-Reload registers at the same SFR addresses. This function
is used to define the reload value for 9, 10, and 11-bit PWM modes. In all other
modes, the Auto-Reload registers have no function.

0: Read/Write Capture/Compare Registers at PCAOCPHN and PCAOCPLn.

1: Read/Write Auto-Reload Registers at PCAOCPHN and PCAOCPLn.

ECOV

Cycle Overflow Interrupt Enable.

This bit sets the masking of the Cycle Overflow Flag (COVF) interrupt.
0: COVF will not generate PCA interrupts.

1. A PCA interrupt will be generated when COVF is set.

COVF

Cycle Overflow Flag.

This bit indicates an overflow of the 8th, 9th, 10th, or 11th bit of the main PCA counter
(PCAO). The specific bit used for this flag depends on the setting of the Cycle Length
Select bits. The bit can be set by hardware or software, but must be cleared by soft-
ware.

0: No overflow has occurred since the last time this bit was cleared.

1: An overflow has occurred since the last time this bit was cleared.

4:2

Unused

Unused.
Read = 000b; Write = don’t care.

1:0

CLSEL[1:0]

Cycle Length Select.

When 16-bit PWM mode is not selected, these bits select the length of the PWM
cycle, between 8, 9, 10, or 11 bits. This affects all channels configured for PWM which
are not using 16-bit PWM mode. These bits are ignored for individual channels config-
ured to16-bit PWM mode.

00: 8 bits.

01: 9 bits.

10: 10 bits.

11: 11 bits.
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SFR Definition 26.4. PCAOCPMn: PCA Capture/Compare Mode

Bit 7 6 5 4 3 2 1 0
Name | PWM16n | ECOMn CAPPN CAPNnN MATNn TOGn PWMn ECCFn
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Address, Page: PCAOCPMO = 0xDA, 0x0; PCAOCPML1 = 0xDB, 0x0; PCAOCPM2 = 0xDC, 0x0

PCAOCPM3 = 0xDD, 0x0; PCAOCPM4 = 0xDE, 0x0; PCAOCPMS5 = 0xCE, 0x0

Bit Name Function

7 | PWM16n |16-bit Pulse Width Modulation Enable.
This bit enables 16-bit mode when Pulse Width Modulation mode is enabled.
0: 8 to 11-bit PWM selected.
1: 16-bit PWM selected.

6 ECOMn |Comparator Function Enable.
This bit enables the comparator function for PCA module n when set to 1.

5 CAPPn |Capture Positive Function Enable.
This bit enables the positive edge capture for PCA module n when set to 1.

4 CAPNn | Capture Negative Function Enable.
This bit enables the negative edge capture for PCA module n when set to 1.

3 MATn |Match Function Enable.
This bit enables the match function for PCA module n when set to 1. When enabled,
matches of the PCA counter with a module's capture/compare register cause the CCFn
bit in PCAOMD register to be set to logic 1.

2 TOGn |Toggle Function Enable.
This bit enables the toggle function for PCA module n when set to 1. When enabled,
matches of the PCA counter with a module's capture/compare register cause the logic
level on the CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module oper-
ates in Frequency Output Mode.

1 PWMn | Pulse Width Modulation Mode Enable.
This bit enables the PWM function for PCA module n when set to 1. When enabled, a
pulse width modulated signal is output on the CEXn pin. 8 to 11-bit PWM is used if
PWML16n is cleared; 16-bit mode is used if PWM16n is set to logic 1. If the TOGn bit is
also set, the module operates in Frequency Output Mode.

0 ECCFn |Capture/Compare Flag Interrupt Enable.
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt.
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.

Note: When the WDTE bit is set to 1, the PCAOCPMS5 register cannot be modified, and module 5 acts as the
watchdog timer. To change the contents of the PCAOCPMS5 register or the function of module 5, the Watchdog
Timer must be disabled.
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SFR Definition 26.5. PCAOL: PCA Counter/Timer Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOQ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxF9
Bit Name Function

7:0 | PCAQ[7:0] |PCA Counter/Timer Low Byte.
The PCAOL register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

Note: When the WDTE bit is set to 1, the PCAOL register cannot be modified by software. To change the contents of
the PCAOL register, the Watchdog Timer must first be disabled.

SFR Definition 26.6. PCAOH: PCA Counter/Timer High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAO[15:8]
Type | RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxFA
Bit Name Function

7:0 | PCAO[15:8] | PCA Counter/Timer High Byte.

The PCAOH register holds the high byte (MSB) of the 16-bit PCA Counter/Timer.
Reads of this register will read the contents of a “snapshot” register, whose contents
are updated only when the contents of PCAOL are read (see Section 26.1).

Note: When the WDTE bit is set to 1, the PCAOH register cannot be modified by software. To change the contents of
the PCAOH register, the Watchdog Timer must first be disabled.
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SFR Definition 26.7. PCAOCPLn: PCA Capture Module Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCAOCPLO = OxFB, PCAOCPL1 = OXE9, PCAOCPL2 = OXEB,
PCAOCPL3 = OXED, PCAOCPL4 = OxFD, PCAOCPLS5 = 0xD2

SFR Pages: PCAOCPLO = 0x0, PCAOCPL1 = 0x0, PCAOCPL2 = 0x0,
PCAOCPL3 = 0x0, PCAOCPL4 = 0x0, PCAOCPL5 = 0x0
Bit Name Function

7:0 | PCAOCPN[7:0] | PCA Capture Module Low Byte.

The PCAOCPLnN register holds the low byte (LSB) of the 16-bit capture module n.
This register address also allows access to the low byte of the corresponding
PCA channel’s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL bit
in register PCAOPWM controls which register is accessed.

Note: A write to this register will clear the module’s ECOMn bit to a 0.

SFR Definition 26.8. PCAOCPHN: PCA Capture Module High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPN[15:8]
Type R/W R/IW R/IW R/IW R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCAOCPHO = OxFC, PCAOCPH1 = OXEA, PCAOCPH2 = OxEC,
PCAOCPHS3 = OxEE, PCAOCPH4 = OxFE, PCAOCPH5 = 0xD3

SFR Pages: PCAOCPHO = 0x0, PCAOCPH1 = 0x0, PCAOCPH2 = 0x0,
PCAOCPH3 = 0x0, PCAOCPH4 = 0x0, PCAOCPH5 = 0x0
Bit Name Function

7:0 | PCAOCPN[15:8] | PCA Capture Module High Byte.

The PCAOCPHDN register holds the high byte (MSB) of the 16-bit capture module n.
This register address also allows access to the high byte of the corresponding
PCA channel’'s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL bit in
register PCAOPWM controls which register is accessed.

Note: A write to this register will set the module’s ECOMn bitto a 1.
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27. C2 Interface

C8051F91x-C8051F90x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow
Flash programming and in-system debugging with the production part installed in the end application. The
C2 interface uses a clock signal (C2CK) and a bi-directional C2 data signal (C2D) to transfer information
between the device and a host system. See the C2 Interface Specification for details on the C2 protocol.

27.1. C2 Interface Registers

The following describes the C2 registers necessary to perform Flash programming through the C2 inter-
face. All C2 registers are accessed through the C2 interface as described in the C2 Interface Specification.

C2 Register Definition 27.1. C2ADD: C2 Address

Bit 7 6 4 3 2 1 0
Reset 0 0 0 0 0 0 0
Bit Name Function
7:0 | C2ADD[7:0]| C2 Address.

The C2ADD register is accessed via the C2 interface to select the target Data register
for C2 Data Read and Data Write commands.

Address Description

0x00 Selects the Device ID register for Data Read instructions

0x01 Selects the Revision ID register for Data Read instructions

0x02 Selects the C2 Flash Programming Control register for Data
Read/Write instructions

0xB4 Selects the C2 Flash Programming Data register for Data

Read/Write instructions
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C2 Register Definition 27.2. DEVICEID: C2 Device ID

Bit 7 6 5 4 3 2 1 0
Name DEVICEID[7:0]
Reset 0 0 0 1 1 1 1 1
C2 Address: 0x00
Bit Name Function
7:0 | DEVICEID[7:0] | Device ID.
This read-only register returns the 8-bit device ID:
Ox1F.
C2 Register Definition 27.3. REVID: C2 Revision ID
Bit 7 6 5 4 3 2 1 0
Reset | Varies Varies Varies Varies Varies Varies Varies Varies
C2 Address: 0x01
Bit Name Function
7:0 | REVID[7:0] |Revision ID.
This read-only register returns the 8-bit revision ID. For example: 0x03 = Revision
D
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C2 Register Definition 27.4. FPCTL: C2 Flash Programming Control

Bit 7 6 4 3
Name FPCTL[7:0]
Type R/W
Reset 0 0 0 0

C2 Address: 0x02
Bit Name Function
7:0 | FPCTL[7:0] | Flash Programming Control Register.

This register is used to enable Flash programming via the C2 interface. To enable C2
Flash programming, the following codes must be written in order: 0x02, 0x01. Note

that once C2 Flash programming is enabled, a system reset must be issued to

resume normal operation.

C2 Register Definition 27.5. FPDAT: C2 Flash Programming Data

Bit 7 6 4 3
Name FPDAT[7:0]
Type R/W
Reset 0 0 0

C2 Address: 0xB4
Bit Name Function
7:0 | FPDAT[7:0] | C2 Flash Programming Data Regjister.

This register is used to pass Flash commands, addresses, and data during C2 Flash
accesses. Valid commands are listed below.

Code Command

0x06 Flash Block Read
0x07 Flash Block Write
0x08 Flash Page Erase
0x03 Device Erase
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27.2. C2 Pin Sharing

The C2 protocol allows the C2 pins to be shared with user functions so that in-system debugging and
Flash programming may be performed. This is possible because C2 communication is typically performed
when the device is in the halt state, where all on-chip peripherals and user software are stalled. In this
halted state, the C2 interface can safely “borrow” the C2CK (RST) and C2D pins. In most applications,
external resistors are required to isolate C2 interface traffic from the user application. A typical isolation
configuration is shown in Figure 27.1.

C8051Fxxx

RST (a) —{>—w\ *—X C2CK
Input (b) —X C2D

Output (c)

\ 4

C2 Interface Master

Figure 27.1. Typical C2 Pin Sharing

The configuration in Figure 27.1 assumes the following:

1. The user input (b) cannot change state while the target device is halted.
2. The RST pin on the target device is used as an input only.

Additional resistors may be necessary depending on the specific application.
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DOCUMENT CHANGE LIST

Revision 0.2 to Revision 1.0

Updated specification tables to remove TBDs.

Updated power management section to indicate that the low power or precision oscillator must be
selected when entering sleep or suspend mode.

Updated Port I/O chapter with additional clarification on 5V and 3.3 V tolerance.
Updated QFN-42 landing diagram and stencil recommendations.
Updated description of ADCO 12-bit mode.

Revision 1.0 to Revision 1.1

Removed references to AN338.

Revision 1.1 to Revision 1.2

Updated all part numbers in Table 2.1, “Product Selection Guide,” on page 30.
Added package marking diagrams as Figure 3.3 and Figure 3.4 to help identify the silicon revision.

Clarified conditions that apply to ‘VBAT Ramp Time for Power On’ for one-cell mode vs two-cell mode in
Table 4.4, “Reset Electrical Characteristics,” on page 59.

Updated Section “5.2.3. Burst Mode” on page 72 and Figure 5.3 to show difference in behavior
between internal convert start signals and external CNVSTR signal.

Added note about the need to ground the ADC mux before switching to the temperature sensor in
Section “5.8. Temperature Sensor” on page 88 and in SFR Definition 5.12 “ADCOMX”.

Updated titles of SFR Definition 5.13, “TOFFH”, and SFR Definition 5.14, “TOFFL".

Updated Figure 7.4, “CPn Multiplexer Block Diagram,” to correct the locations of VDD/DC+, VBAT,
Digital Supply, and GND multiplexer inputs.

Updated Table 8.1 to correct number of clock cycles for ‘CINE A, direct, rel’.

Corrected VDD ramp time reference in item 2 of Section “13.5.1. VDD Maintenance and the VDD
Monitor” on page 143.

Updated CPTOWK bit description in SFR Definition 14.1, “PMUOCF".
Added Section “15.2. 32-bit CRC Algorithm” on page 160 to illustrate the 32-bit CRC algorithm.
Updated the second paragraph of Section “20.3. SmaRTClock Timer and Alarm Function” on page 204.

Corrected clock sources associated with T3XCLK settings in Section “25.3.2. 8-bit Timers with Auto-
Reload” on page 291, Figure 25.7, Figure 25.8, and Figure 25.9 to match the description in SFR
Definition 25.13.

Replaced incorrect PCA channel references from PCAOCPH2 to PCAOCPHS5 in Section

“26.4. Watchdog Timer Mode” on page 308 and Figure 26.11.

Updated revision listed in C2 Register Definition 27.3 to Revision C.

Revision 1.2 to Revision 1.3

Updated part numbers to Revision D in “Ordering Information” on page 30.
Updated Figure 7.4, “CPn Multiplexer Block Diagram,” to remove the bar over the CPnOUT signals.

Updated the “Reset Sources” on page 177 chapter to reflect the correct state of the RST pin during a
power-on reset.
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NOTES:
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