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built-in motor control peripherals and automotive-grade

Details

Product Status Active

Core Processor 8051

Core Size 8-Bit

Speed 50MHz

Connectivity SMBus (2-Wire/I²C), CANbus, SPI, UART/USART

Peripherals POR, PWM, Temp Sensor, WDT

Number of I/O 25

Program Memory Size 32KB (32K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 2.25K x 8

Voltage - Supply (Vcc/Vdd) 1.8V ~ 5.25V

Data Converters A/D 25x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 125°C (TA)

Mounting Type Surface Mount

Package / Case 32-VFQFN Exposed Pad

Supplier Device Package 32-QFN (5x5)

Purchase URL https://www.e-xfl.com/product-detail/silicon-labs/c8051f561-imr

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/c8051f561-imr-4409562
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


C8051F55x/56x/57x
25.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)................................ 263
25.2. Timer 2 .......................................................................................................... 269

25.2.1. 16-bit Timer with Auto-Reload............................................................... 269
25.2.2. 8-bit Timers with Auto-Reload............................................................... 269
25.2.3. External Oscillator Capture Mode ......................................................... 270

25.3. Timer 3 .......................................................................................................... 275
25.3.1. 16-Bit Timer with Auto-Reload .............................................................. 275
25.3.2. 8-Bit Timers with Auto-Reload .............................................................. 275
25.3.3. External Oscillator Capture Mode ......................................................... 276

26. Programmable Counter Array............................................................................. 281
26.1. PCA Counter/Timer ....................................................................................... 282
26.2. PCA0 Interrupt Sources................................................................................. 283
26.3. Capture/Compare Modules ........................................................................... 283

26.3.1. Edge-triggered Capture Mode............................................................... 284
26.3.2. Software Timer (Compare) Mode.......................................................... 285
26.3.3. High-Speed Output Mode ..................................................................... 286
26.3.4. Frequency Output Mode ....................................................................... 287
26.3.5. 8-bit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes ................. 288
26.3.6. 16-Bit Pulse Width Modulator Mode...................................................... 290

26.4. Watchdog Timer Mode .................................................................................. 291
26.4.1. Watchdog Timer Operation ................................................................... 291
26.4.2. Watchdog Timer Usage ........................................................................ 292

26.5. Register Descriptions for PCA0..................................................................... 294
27. C2 Interface .......................................................................................................... 300

27.1. C2 Interface Registers................................................................................... 300
27.2. C2 Pin Sharing .............................................................................................. 303
Rev. 1.2 7



C8051F55x/56x/57x
Figure 16.1. Reset Sources ................................................................................... 138
Figure 16.2. Power-On and VDD Monitor Reset Timing ....................................... 139
Figure 17.1. Multiplexed Configuration Example ................................................... 149
Figure 17.2. EMIF Operating Modes ..................................................................... 150
Figure 17.3. Multiplexed 16-bit MOVX Timing ....................................................... 153
Figure 17.4. Multiplexed 8-bit MOVX without Bank Select Timing ........................ 154
Figure 17.5. Multiplexed 8-bit MOVX with Bank Select Timing ............................. 155
Figure 18.1. Oscillator Options .............................................................................. 157
Figure 18.2. Example Clock Multiplier Output ....................................................... 162
Figure 18.3. External 32.768 kHz Quartz Crystal Oscillator Connection Diagram 167
Figure 19.1. Port I/O Functional Block Diagram .................................................... 169
Figure 19.2. Port I/O Cell Block Diagram .............................................................. 170
Figure 19.3. Peripheral Availability on Port I/O Pins .............................................. 173
Figure 19.4. Crossbar Priority Decoder in Example Configuration ........................ 174
Figure 20.1. LIN Block Diagram ............................................................................ 193
Figure 21.1. Typical CAN Bus Configuration ......................................................... 210
Figure 21.2. CAN Controller Diagram .................................................................... 211
Figure 21.3. Four segments of a CAN Bit .............................................................. 213
Figure 22.1. SMBus Block Diagram ...................................................................... 218
Figure 22.2. Typical SMBus Configuration ............................................................ 219
Figure 22.3. SMBus Transaction ........................................................................... 220
Figure 22.4. Typical SMBus SCL Generation ........................................................ 222
Figure 22.5. Typical Master Write Sequence ........................................................ 229
Figure 22.6. Typical Master Read Sequence ........................................................ 230
Figure 22.7. Typical Slave Write Sequence .......................................................... 231
Figure 22.8. Typical Slave Read Sequence .......................................................... 232
Figure 23.1. UART0 Block Diagram ...................................................................... 235
Figure 23.2. UART0 Timing Without Parity or Extra Bit ......................................... 237
Figure 23.3. UART0 Timing With Parity ................................................................ 237
Figure 23.4. UART0 Timing With Extra Bit ............................................................ 237
Figure 23.5. Typical UART Interconnect Diagram ................................................. 238
Figure 23.6. UART Multi-Processor Mode Interconnect Diagram ......................... 240
Figure 24.1. SPI Block Diagram ............................................................................ 246
Figure 24.2. Multiple-Master Mode Connection Diagram ...................................... 249
Figure 24.3. 3-Wire Single Master and 3-Wire Single Slave Mode Connection Diagram 

............................................................................................................. 249
Figure 24.4. 4-Wire Single Master Mode and 4-Wire Slave Mode Connection Diagram 

............................................................................................................. 249
Figure 24.5. Master Mode Data/Clock Timing ....................................................... 251
Figure 24.6. Slave Mode Data/Clock Timing (CKPHA = 0) ................................... 252
Figure 24.7. Slave Mode Data/Clock Timing (CKPHA = 1) ................................... 252
Figure 24.8. SPI Master Timing (CKPHA = 0) ....................................................... 256
Figure 24.9. SPI Master Timing (CKPHA = 1) ....................................................... 256
Figure 24.10. SPI Slave Timing (CKPHA = 0) ....................................................... 257
Figure 24.11. SPI Slave Timing (CKPHA = 1) ....................................................... 257
9 Rev. 1.2



C8051F55x/56x/57x
Figure 25.1. T0 Mode 0 Block Diagram ................................................................. 262
Figure 25.2. T0 Mode 2 Block Diagram ................................................................. 263
Figure 25.3. T0 Mode 3 Block Diagram ................................................................. 264
Figure 25.4. Timer 2 16-Bit Mode Block Diagram ................................................. 269
Figure 25.5. Timer 2 8-Bit Mode Block Diagram ................................................... 270
Figure 25.6. Timer 2 External Oscillator Capture Mode Block Diagram ................ 271
Figure 25.7. Timer 3 16-Bit Mode Block Diagram ................................................. 275
Figure 25.8. Timer 3 8-Bit Mode Block Diagram ................................................... 276
Figure 25.9. Timer 3 External Oscillator Capture Mode Block Diagram ................ 277
Figure 26.1. PCA Block Diagram ........................................................................... 281
Figure 26.2. PCA Counter/Timer Block Diagram ................................................... 282
Figure 26.3. PCA Interrupt Block Diagram ............................................................ 283
Figure 26.4. PCA Capture Mode Diagram ............................................................. 285
Figure 26.5. PCA Software Timer Mode Diagram ................................................. 286
Figure 26.6. PCA High-Speed Output Mode Diagram ........................................... 287
Figure 26.7. PCA Frequency Output Mode ........................................................... 288
Figure 26.8. PCA 8-Bit PWM Mode Diagram ........................................................ 289
Figure 26.9. PCA 9, 10 and 11-Bit PWM Mode Diagram ...................................... 290
Figure 26.10. PCA 16-Bit PWM Mode ................................................................... 291
Figure 26.11. PCA Module 2 with Watchdog Timer Enabled ................................ 292
Figure 27.1. Typical C2 Pin Sharing ...................................................................... 303
Rev. 1.2 10



C8051F55x/56x/57x
Figure 6.3. 12-Bit ADC Tracking Mode Example

6.1.4. Burst Mode

Burst Mode is a power saving feature that allows ADC0 to remain in a very low power state between con-
versions. When Burst Mode is enabled, ADC0 wakes from a very low power state, accumulates 1, 4, 8, or 
16 samples using an internal Burst Mode clock (approximately 25 MHz), then re-enters a very low power 
state. Since the Burst Mode clock is independent of the system clock, ADC0 can perform multiple conver-
sions then enter a very low power state within a single system clock cycle, even if the system clock is slow 
(e.g., 32.768 kHz), or suspended.

Burst Mode is enabled by setting BURSTEN to logic 1. When in Burst Mode, AD0EN controls the ADC0 
idle power state (i.e. the state ADC0 enters when not tracking or performing conversions). If AD0EN is set 
to logic 0, ADC0 is powered down after each burst. If AD0EN is set to logic 1, ADC0 remains enabled after 
each burst. On each convert start signal, ADC0 is awakened from its Idle Power State. If ADC0 is powered 
down, it will automatically power up and wait the programmable Power-up Time controlled by the AD0PWR 
bits. Otherwise, ADC0 will start tracking and converting immediately. Figure 6.4 shows an example of Burst 
Mode Operation with a slow system clock and a repeat count of 4. 

Important Note: When Burst Mode is enabled, only Post-Tracking and Dual-Tracking modes can be used.

When Burst Mode is enabled, a single convert start will initiate a number of conversions equal to the repeat 
count. When Burst Mode is disabled, a convert start is required to initiate each conversion. In both modes, 
the ADC0 End of Conversion Interrupt Flag (AD0INT) will be set after “repeat count” conversions have 

Convert Start

ADC0 State Track

ADC0 State Convert

Time F S1 S2 S12 S13... F

Time F S1 S2 S12 S13... F

Convert

F S1 S2 F

Post-Tracking or Dual-Tracking Modes (AD0TK = ‘00')

Pre-Tracking Mode

AD0INT Flag

AD0INT Flag

Key

F

Sn

Equal to one period of FCLK.

Each Sn is equal to one period of the SAR clock. 
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SFR Address = 0x9B; SFR Page = 0x00

SFR Definition 8.2. CPT0MD: Comparator0 Mode Selection

Bit 7 6 5 4 3 2 1 0

Name CP0RIE CP0FIE CP0MD[1:0]

Type R R R/W R/W R R R/W

Reset 0 0 0 0 0 0 1 0

Bit Name Function

7:6 Unused Read = 00b, Write = Don’t Care.

5 CP0RIE Comparator0 Rising-Edge Interrupt Enable.

0: Comparator0 Rising-edge interrupt disabled.
1: Comparator0 Rising-edge interrupt enabled.

4 CP0FIE Comparator0 Falling-Edge Interrupt Enable.

0: Comparator0 Falling-edge interrupt disabled.
1: Comparator0 Falling-edge interrupt enabled.

3:2 Unused Read = 00b, Write = don’t care.

1:0 CP0MD[1:0] Comparator0 Mode Select.

These bits affect the response time and power consumption for Comparator0.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)
01: Mode 1
10: Mode 2
11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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Figure 10.1. CIP-51 Block Diagram

With the CIP-51's maximum system clock at 50 MHz, it has a peak throughput of 50 MIPS. The CIP-51 has 
a total of 109 instructions. The table below shows the total number of instructions that require each execu-
tion time.

Programming and Debugging Support
In-system programming of the Flash program memory and communication with on-chip debug support 
logic is accomplished via the Silicon Labs 2-Wire Development Interface (C2).

The on-chip debug support logic facilitates full speed in-circuit debugging, allowing the setting of hardware 
breakpoints, starting, stopping and single stepping through program execution (including interrupt service 
routines), examination of the program's call stack, and reading/writing the contents of registers and mem-
ory. This method of on-chip debugging is completely non-intrusive, requiring no RAM, Stack, timers, or 
other on-chip resources. C2 details can be found in Section “27. C2 Interface” on page 300.

The CIP-51 is supported by development tools from Silicon Labs and third party vendors. Silicon Labs pro-
vides an integrated development environment (IDE) including editor, debugger and programmer. The IDE's 
debugger and programmer interface to the CIP-51 via the C2 interface to provide fast and efficient in-sys-
tem device programming and debugging. Third party macro assemblers and C compilers are also avail-
able.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1
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Table 10.1. CIP-51 Instruction Set Summary 

Mnemonic Description Bytes Clock 
Cycles

Arithmetic Operations

ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @Ri Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @Ri Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @Ri Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1

Logical Operations

ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @Ri AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @Ri OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @Ri Exclusive-OR indirect RAM to A 1 2

Note: Certain instructions take a variable number of clock cycles to execute depending on instruction alignment and 
the FLRT setting (SFR Definition 14.3).
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On the execution of the RETI instruction in the CAN0 ISR, the value in SFRPAGE register is overwritten 
with the contents of SFRNEXT. The CIP-51 may now access the SPI0DAT register as it did prior to the 
interrupts occurring. See Figure 12.6.

Figure 12.6. SFR Page Stack Upon Return From CAN0 Interrupt

In the example above, all three bytes in the SFR Page Stack are accessible via the SFRPAGE, SFRNEXT, 
and SFRLAST special function registers. If the stack is altered while servicing an interrupt, it is possible to 
return to a different SFR Page upon interrupt exit than selected prior to the interrupt call. Direct access to 
the SFR Page stack can be useful to enable real-time operating systems to control and manage context 
switching between multiple tasks. 

Push operations on the SFR Page Stack only occur on interrupt service, and pop operations only occur on 
interrupt exit (execution on the RETI instruction). The automatic switching of the SFRPAGE and operation 
of the SFR Page Stack as described above can be disabled in software by clearing the SFR Automatic 
Page Enable Bit (SFRPGEN) in the SFR Page Control Register (SFR0CN). See SFR Definition 12.1.

0x0

(SPI0DAT)
SFRPAGE

SFRLAST

SFRNEXT

SFR Page 0xC 
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stack on return from 

interrupt

SFRNEXT 
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SFR Address = 0xE4; SFR Page = 0x0F

SFR Definition 13.7. IT01CF: INT0/INT1 Configuration

Bit 7 6 5 4 3 2 1 0

Name IN1PL IN1SL[2:0] IN0PL IN0SL[2:0]

Type R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 IN1PL INT1 Polarity.

0: INT1 input is active low.
1: INT1 input is active high.

6:4 IN1SL[2:0] INT1 Port Pin Selection Bits.

These bits select which Port pin is assigned to INT1. Note that this pin assignment is 
independent of the Crossbar; INT1 will monitor the assigned Port pin without disturb-
ing the peripheral that has been assigned the Port pin via the Crossbar. The Crossbar 
will not assign the Port pin to a peripheral if it is configured to skip the selected pin.
000: Select P1.0
001: Select P1.1
010: Select P1.2
011: Select P1.3
100: Select P1.4
101: Select P1.5
110: Select P1.6
111: Select P1.7

3 IN0PL INT0 Polarity.

0: INT0 input is active low.
1: INT0 input is active high.

2:0 IN0SL[2:0] INT0 Port Pin Selection Bits.

These bits select which Port pin is assigned to INT0. Note that this pin assignment is 
independent of the Crossbar; INT0 will monitor the assigned Port pin without disturb-
ing the peripheral that has been assigned the Port pin via the Crossbar. The Crossbar 
will not assign the Port pin to a peripheral if it is configured to skip the selected pin.
000: Select P1.0
001: Select P1.1
010: Select P1.2
011: Select P1.3
100: Select P1.4
101: Select P1.5
110: Select P1.6
111: Select P1.7
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17.6.1.2.  8-bit MOVX without Bank Select: EMI0CF[4:2] = 001 or 011

Figure 17.4. Multiplexed 8-bit MOVX without Bank Select Timing
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SFR Address = 0xE1; SFR Page = 0x0F

SFR Definition 19.1. XBR0: Port I/O Crossbar Register 0

Bit 7 6 5 4 3 2 1 0

Name CP1AE CP1E CP0AE CP0E SMB0E SPI0E CAN0E URT0E

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

Bit Name Function

7 CP1AE Comparator1 Asynchronous Output Enable.

0: Asynchronous CP1 unavailable at Port pin.
1: Asynchronous CP1 routed to Port pin.

6 CP1E Comparator1 Output Enable.

0: CP1 unavailable at Port pin.
1: CP1 routed to Port pin.

5 CP0AE Comparator0 Asynchronous Output Enable.

0: Asynchronous CP0 unavailable at Port pin.
1: Asynchronous CP0 routed to Port pin.

4 CP0E Comparator0 Output Enable.

0: CP0 unavailable at Port pin.
1: CP0 routed to Port pin.

3 SMB0E SMBus I/O Enable.

0: SMBus I/O unavailable at Port pins.
1: SMBus I/O routed to Port pins.

2 SPI0E SPI I/O Enable.

0: SPI I/O unavailable at Port pins.
1: SPI I/O routed to Port pins. Note that the SPI can be assigned either 3 or 4 GPIO 
pins.

1 CAN0E CAN I/O Output Enable.

0: CAN I/O unavailable at Port pins.
1: CAN_TX, CAN_RX routed to Port pins P0.6 and P0.7.

0 URT0E UART I/O Output Enable.

0: UART I/O unavailable at Port pin.
1: UART TX0, RX0 routed to Port pins P0.4 and P0.5.
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SFR Address = 0xC7; SFR Page = 0x0F

SFR Definition 19.3. XBR2: Port I/O Crossbar Register 1

Bit 7 6 5 4 3 2 1 0

Name WEAKPUD XBARE Reserved LIN0E

Type R/W R/W R/W R/W R/W R R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 WEAKPUD Port I/O Weak Pullup Disable.

0: Weak Pullups enabled (except for Ports whose I/O are configured for analog 
mode).
1: Weak Pullups disabled.

6 XBARE Crossbar Enable.

0: Crossbar disabled.
1: Crossbar enabled.

5:1 Reserved Always Write to 00000b.

0 LIN0E LIN I/O Output Enable.

0: LIN I/O unavailable at Port pin.
1: LIN_TX, LIN_RX routed to Port pins.
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19.5.  Port Match
Port match functionality allows system events to be triggered by a logic value change on P0, P1, P2 or P3. 
A software controlled value stored in the PnMATCH registers specifies the expected or normal logic values 
of P0, P1, P2, and P3. A Port mismatch event occurs if the logic levels of the Port’s input pins no longer 
match the software controlled value. This allows Software to be notified if a certain change or pattern 
occurs on P0, P1, P2, or P3 input pins regardless of the XBRn settings.
The PnMASK registers can be used to individually select which of the port pins should be compared 
against the PnMATCH registers. A Port mismatch event is generated if (Pn & PnMASK) does not equal 
(PnMATCH & PnMASK), where n is 0, 1, 2 or 3
A Port mismatch event may be used to generate an interrupt or wake the device from a low power mode, 
such as IDLE or SUSPEND. See the Interrupts and Power Options chapters for more details on interrupt 
and wake-up sources.

SFR Address = 0xF2; SFR Page = 0x00

SFR Address = 0xF1; SFR Page = 0x00

SFR Definition 19.4. P0MASK: Port 0 Mask Register

Bit 7 6 5 4 3 2 1 0

Name P0MASK[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 P0MASK[7:0] Port 0 Mask Value.

Selects P0 pins to be compared to the corresponding bits in P0MAT.
0: P0.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: P0.n pin logic value is compared to P0MAT.n.

SFR Definition 19.5. P0MAT: Port 0 Match Register

Bit 7 6 5 4 3 2 1 0

Name P0MAT[7:0]

Type R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:0 P0MAT[7:0] Port 0 Match Value.

Match comparison value used on Port 0 for bits in P0MAT which are set to 1.
0: P0.n pin logic value is compared with logic LOW.
1: P0.n pin logic value is compared with logic HIGH.
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SFR Address = 0xC9; SFR Page = 0x0F

SFR Definition 20.3. LIN0CF: LIN0 Control Mode Register

Bit 7 6 5 4 3 2 1 0

Name LINEN MODE ABAUD

Type R/W R/W R/W R R R R R

Reset 0 1 1 0 0 0 0 0

Bit Name Function

7 LINEN LIN Interface Enable Bit. 

0: LIN0 is disabled.
1: LIN0 is enabled.

6 MODE LIN Mode Selection Bit. 

0: LIN0 operates in slave mode.
1: LIN0 operates in master mode.

5 ABAUD LIN Mode Automatic Baud Rate Selection. 

This bit only has an effect when the MODE bit is configured for slave mode.
0: Manual baud rate selection is enabled.
1: Automatic baud rate selection is enabled.

4:0 Unused Read = 00000b; Write = Don’t Care
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22.5.2. Read Sequence (Master)

During a read sequence, an SMBus master reads data from a slave device. The master in this transfer will 
be a transmitter during the address byte, and a receiver during all data bytes. The SMBus interface gener-
ates the START condition and transmits the first byte containing the address of the target slave and the 
data direction bit. In this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then 
received from the slave on SDA while the SMBus outputs the serial clock. The slave transmits one or more 
bytes of serial data. An interrupt is generated after each received byte. 

Software must write the ACK bit at that time to ACK or NACK the received byte. Writing a 1 to the ACK bit 
generates an ACK; writing a 0 generates a NACK. Software should write a 0 to the ACK bit for the last data 
transfer, to transmit a NACK. The interface exits Master Receiver Mode after the STO bit is set and a 
STOP is generated. The interface will switch to Master Transmitter Mode if SMB0DAT is written while an 
active Master Receiver. Figure 22.6 shows a typical master read sequence. Two received data bytes are 
shown, though any number of bytes may be received. Notice that the ‘data byte transferred’ interrupts 
occur before the ACK cycle in this mode.

Figure 22.6. Typical Master Read Sequence

Data ByteData Byte A NAS R PSLA

S = START
P = STOP
A = ACK
N = NACK
R = READ
SLA = Slave Address
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24.  Enhanced Serial Peripheral Interface (SPI0)

The Enhanced Serial Peripheral Interface (SPI0) provides access to a flexible, full-duplex synchronous 
serial bus. SPI0 can operate as a master or slave device in both 3-wire or 4-wire modes, and supports mul-
tiple masters and slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input 
to select SPI0 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 configured as a chip-select output in master mode, or disabled for 3-wire operation. Additional gen-
eral purpose port I/O pins can be used to select multiple slave devices in master mode.

Figure 24.1. SPI Block Diagram
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26.  Programmable Counter Array

The Programmable Counter Array (PCA0) 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 six sources: system clock, system clock divided by four, 
system clock divided by twelve, the external oscillator clock source divided by 8, 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, Fre-
quency Output, 8 to 11-Bit PWM, or 16-Bit PWM (each mode is described in Section 
“26.3. Capture/Compare Modules” on page 283). 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 inter-
nal 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.

Figure 26.1. PCA Block Diagram
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Figure 26.11. PCA Module 2 with Watchdog Timer Enabled

Note that the 8-bit offset held in PCA0CPH5 is compared to the upper byte of the 16-bit PCA counter. This 
offset value is the number of PCA0L overflows before a reset. Up to 256 PCA clocks may pass before the 
first PCA0L overflow occurs, depending on the value of the PCA0L when the update is performed. The 
total offset is then given (in PCA clocks) by Equation 26.5, where PCA0L is the value of the PCA0L register 
at the time of the update.

Equation 26.5. Watchdog Timer Offset in PCA Clocks
The WDT reset is generated when PCA0L overflows while there is a match between PCA0CPH5 and 
PCA0H. Software may force a WDT reset by writing a 1 to the CCF5 flag (PCA0CN.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 CPS[2:0] bits).

 Load PCA0CPL5 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 PCA0CPH5.

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 PCA0MD 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 PCA0 counter clock defaults to the system clock divided by 
12, PCA0L defaults to 0x00, and PCA0CPL5 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 tim-
eout intervals for typical system clocks.
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SFR Addresses: PCA0CPL0 = 0xFB, PCA0CPL1 = 0xE9, PCA0CPL2 = 0xEB, PCA0CPL3 = 0xED, 

PCA0CPL4 = 0xFD, PCA0CPL5 = 0xCE; SFR Page (all registers) = 0x00

SFR Addresses: PCA0CPH0 = 0xFC, PCA0CPH1 = 0xEA, PCA0CPH2 = 0xEC, PCA0CPH3 = 0xEE, 

PCA0CPH4 = 0xFE, PCA0CPH5 = 0xCF; SFR Page (all registers) = 0x00

SFR Definition 26.7. PCA0CPLn: PCA Capture Module Low Byte

Bit 7 6 5 4 3 2 1 0

Name PCA0CPn[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

Bit Name Function

7:0 PCA0CPn[7:0] PCA Capture Module Low Byte.

The PCA0CPLn 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 PCA0PWM 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. PCA0CPHn: PCA Capture Module High Byte

Bit 7 6 5 4 3 2 1 0

Name PCA0CPn[15:8]

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

Bit Name Function

7:0 PCA0CPn[15:8] PCA Capture Module High Byte.

The PCA0CPHn 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 PCA0PWM controls which register is accessed.

Note: A write to this register will set the module’s ECOMn bit to a 1.
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NOTES:
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