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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Figure 1.13. C8051F997 Block Diagram
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Figure 3.8. Typical QFN-20 Landing Diagram
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Table 4.9. SmaRTClock Characteristics
VDD = 1.8 to 3.6 V; TA = –40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Oscillator Frequency (LFO) 13.1 16.4 19.7 kHz

Table 4.10. ADC0 Electrical Characteristics 
VDD = 1.8 to 3.6 V, VREF = 1.65 V (REFSL[1:0] = 11), –40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

DC Accuracy

Resolution
12-bit mode
10-bit mode

12
10

bits

Integral Nonlinearity
12-bit mode1 
10-bit mode

—
—

±1
±0.5

±1.5
±1

LSB

Differential Nonlinearity
(Guaranteed Monotonic)

12-bit mode1 
10-bit mode

—
—

±0.8
±0.5

±1
±1

LSB

Offset Error
12-bit mode
10-bit mode

—
—

±<1
±<1

±2
±2

LSB

Full Scale Error
12-bit mode2 
10-bit mode

—
—

±1
±1

±4
±2.5

LSB

Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, maximum 
sampling rate)

Signal-to-Noise Plus Distortion3 12-bit mode
10-bit mode

62
54

65
58

—
—

dB

Signal-to-Distortion3 
12-bit mode
10-bit mode

—
—

76
73

—
—

dB

Spurious-Free Dynamic Range3 12-bit mode
10-bit mode

—
—

82
75

—
—

dB

Conversion Rate

SAR Conversion Clock
Normal Power Mode

Low Power Mode
—
—

—
—

8.33
4.4

MHz

Conversion Time in SAR Clocks
10-bit Mode
8-bit Mode

13
11

—
—

—
—

clocks

Track/Hold Acquisition Time
Initial Acquisition

Subsequent Acquisitions (DC 
input, burst mode)

1.5
1.1

—
—

—
—

us

Throughput Rate
12-bit mode
10-bit mode

—
—

—
—

75
300

ksps

1. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
2. The maximum code in 12-bit mode is 0xFFFC. The Full Scale Error is referenced from the maximum code.
3. Performance in 8-bit mode is similar to 10-bit mode.



C8051F99x-C8051F98x

70 Rev. 1.2

5.2.3. Burst Mode

Burst Mode is a power saving feature that allows ADC0 to remain in a low power state between 
conversions. When Burst Mode is enabled, ADC0 wakes from a low power state, accumulates 1, 4, 8, 16, 
32, or 64 using an internal Burst Mode clock (approximately 20 MHz), then re-enters a low power state. 
Since the Burst Mode clock is independent of the system clock, ADC0 can perform multiple conversions 
then enter a 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 5.3 shows an 
example of Burst Mode Operation with a slow system clock and a repeat count of 4. 

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 
been accumulated. Similarly, the Window Comparator will not compare the result to the greater-than and 
less-than registers until “repeat count” conversions have been accumulated.

In Burst Mode, tracking is determined by the settings in AD0PWR and AD0TK. The default settings for 
these registers will work in most applications without modification; however, settling time requirements may 
need adjustment in some applications. Refer to “5.2.4. Settling Time Requirements” on page 71 for more 
details.

Notes:
 Setting AD0TM to 1 will insert an additional 3 SAR clocks of tracking before each conversion, 

regardless of the settings of AD0PWR and AD0TK.

 When using Burst Mode, care must be taken to issue a convert start signal no faster than once every 
four SYSCLK periods. This includes external convert start signals.

Figure 5.3. Burst Mode Tracking Example with Repeat Count Set to 4
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5.8. Temperature Sensor

An on-chip temperature sensor is included on the C8051F99x-C8051F98x which can be directly accessed 
via the ADC multiplexer in single-ended configuration. To use the ADC to measure the temperature sensor, 
the ADC mux channel should select the temperature sensor. The temperature sensor transfer function is 
shown in Figure 5.8. The output voltage (VTEMP) is the positive ADC input when the ADC multiplexer is set 
correctly. The TEMPE bit in register REF0CN enables/disables the temperature sensor, as described in 
SFR Definition 5.15. While disabled, the temperature sensor defaults to a high impedance state and any 
ADC measurements performed on the sensor will result in meaningless data. Refer to Table 4.10 for the 
slope and offset parameters of the temperature sensor.

Figure 5.8. Temperature Sensor Transfer Function
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5.9. Voltage and Ground Reference Options

The voltage reference MUX is configurable to use an externally connected voltage reference, the internal 
voltage reference, or one of two power supply voltages (see Figure 5.10). The ground reference MUX 
allows the ground reference for ADC0 to be selected between the ground pin (GND) or a port pin 
dedicated to analog ground (P0.1/AGND).

The voltage and ground reference options are configured using the REF0CN SFR described on page 90. 
Electrical specifications are can be found in the Electrical Specifications Chapter.

Important Note About the VREF and AGND Inputs: Port pins are used as the external VREF and AGND 
inputs. When using an external voltage reference or the internal precision reference, P0.0/VREF should be 
configured as an analog input and skipped by the Digital Crossbar. When using AGND as the ground 
reference to ADC0, P0.1/AGND should be configured as an analog input and skipped by the Digital 
Crossbar. Refer to Section “21. Port Input/Output” on page 215 for complete Port I/O configuration details. 
The external reference voltage must be within the range 0 ≤ VREF ≤ VDD and the external ground 
reference must be at the same DC voltage potential as GND.

Figure 5.10. Voltage Reference Functional Block Diagram
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SFR Page = 0x0; SFR Address = 0xD1 

5.14. Voltage Reference Electrical Specifications

See Table 4.12 on page 61 for detailed Voltage Reference Electrical Specifications.

SFR Definition 5.15. REF0CN: Voltage Reference Control

Bit 7 6 5 4 3 2 1 0

Name REFGND REFSL TEMPE

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

Reset 0 0 0 1 1 0 0 0

Bit Name Function

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

5 REFGND Analog Ground Reference.

Selects the ADC0 ground reference.
0: The ADC0 ground reference is the GND pin.
1: The ADC0 ground reference is the P0.1/AGND pin.

4:3 REFSL Voltage Reference Select. 

Selects the ADC0 voltage reference.
00: The ADC0 voltage reference is the P0.0/VREF pin.
01: The ADC0 voltage reference is the VDD pin.
10: The ADC0 voltage reference is the internal 1.8 V digital supply voltage.
11: The ADC0 voltage reference is the internal 1.65 V high speed voltage reference.

2 TEMPE Temperature Sensor Enable.

Enables/Disables the internal temperature sensor.
0: Temperature Sensor Disabled.
1: Temperature Sensor Enabled.

1:0 Unused Read = 00b; Write = Don’t Care.
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SFR Page= 0x0; SFR Address = 0x9B 

SFR Definition 7.1. CPT0CN: Comparator 0 Control

Bit 7 6 5 4 3 2 1 0

Name CP0EN CP0OUT CP0RIF CP0FIF CP0HYP[1:0] CP0HYN[1:0]

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 CP0EN Comparator0 Enable Bit.

0: Comparator0 Disabled.
1: Comparator0 Enabled.

6 CP0OUT Comparator0 Output State Flag.

0: Voltage on CP0+ < CP0–.
1: Voltage on CP0+ > CP0–.

5 CP0RIF Comparator0 Rising-Edge Flag. Must be cleared by software.

0: No Comparator0 Rising Edge has occurred since this flag was last cleared.
1: Comparator0 Rising Edge has occurred.

4 CP0FIF Comparator0 Falling-Edge Flag. Must be cleared by software.

0: No Comparator0 Falling-Edge has occurred since this flag was last cleared.
1: Comparator0 Falling-Edge has occurred.

3-2 CP0HYP[1:0] Comparator0 Positive Hysteresis Control Bits.

00: Positive Hysteresis Disabled.
01: Positive Hysteresis = Hysteresis 1.
10: Positive Hysteresis = Hysteresis 2.
11: Positive Hysteresis = Hysteresis 3 (Maximum).

1:0 CP0HYN[1:0] Comparator0 Negative Hysteresis Control Bits.

00: Negative Hysteresis Disabled.
01: Negative Hysteresis = Hysteresis 1.
10: Negative Hysteresis = Hysteresis 2.
11: Negative Hysteresis = Hysteresis 3 (Maximum).
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8.14. Capacitive Sense Multiplexer

The input multiplexer can be controlled through two methods. The CS0MX register can be written to 
through firmware, or the register can be configured automatically using the modules auto-scan functionality 
(see “8.8. Automatic Scanning (Method 1—CS0SMEN = 0)” ).

Figure 8.3. CS0 Multiplexer Block Diagram
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Table 13.1. Interrupt Summary

Interrupt Source
Interrupt
Vector

Priority 
Order

Pending Flag

B
it

 
ad

d
re

ss
a

b
le

?
C

le
ar

e
d

 
b

y
 H

W
? Enable Flag

Priority 
Control

Reset 0x0000 Top None N/A N/A
Always 
Enabled

Always 
Highest

External Interrupt 0 (INT0) 0x0003 0 IE0 (TCON.1) Y Y EX0 (IE.0) PX0 (IP.0)

Timer 0 Overflow 0x000B 1 TF0 (TCON.5) Y Y ET0 (IE.1) PT0 (IP.1)

External Interrupt 1 (INT1) 0x0013 2 IE1 (TCON.3) Y Y EX1 (IE.2) PX1 (IP.2)

Timer 1 Overflow 0x001B 3 TF1 (TCON.7) Y Y ET1 (IE.3) PT1 (IP.3)

UART0 0x0023 4
RI0 (SCON0.0)
TI0 (SCON0.1)

Y N ES0 (IE.4) PS0 (IP.4)

Timer 2 Overflow 0x002B 5
TF2H (TMR2CN.7)
TF2L (TMR2CN.6)

Y N ET2 (IE.5) PT2 (IP.5)

SPI0 0x0033 6

SPIF (SPI0CN.7) 
WCOL (SPI0CN.6)
MODF (SPI0CN.5)
RXOVRN (SPI0CN.4)

Y N ESPI0 (IE.6) PSPI0 (IP.6)

SMB0 0x003B 7 SI (SMB0CN.0) Y N
ESMB0 
(EIE1.0)

PSMB0 
(EIP1.0)

SmaRTClock Alarm 0x0043 8 ALRM (RTC0CN.2)2 N N
EARTC0 
(EIE1.1)

PARTC0 
(EIP1.1)

ADC0 Window Comparator 0x004B 9 AD0WINT (ADC0CN.3) Y N
EWADC0 
(EIE1.2)

PWADC0 
(EIP1.2)

ADC0 End of Conversion 0x0053 10 AD0INT (ADC0CN.5) Y N
EADC0 
(EIE1.3)

PADC0 
(EIP1.3)

Programmable Counter 
Array

0x005B 11
CF (PCA0CN.7)
CCFn (PCA0CN.n)

Y N
EPCA0 
(EIE1.4)

PPCA0 
(EIP1.4)

Comparator0 0x0063 12
CP0FIF (CPT0CN.4) 
CP0RIF (CPT0CN.5)

N N
ECP0 

(EIE1.5)
PCP0 

(EIP1.5)
Reserved 0x006B 13

Timer 3 Overflow 0x0073 14
TF3H (TMR3CN.7)
TF3L (TMR3CN.6)

N N
ET3 

(EIE1.7)
PT3 

(EIP1.7)
Supply Monitor Early 
Warning

0x007B 15 VDDOK (VDM0CN.5)1 N N
EWARN 
(EIE2.0)

PWARN 
(EIP2.0)

Port Match 0x0083 16 None
EMAT 

(EIE2.1)
PMAT 

(EIP2.1)

SmaRTClock Oscillator Fail 0x008B 17 OSCFAIL (RTC0CN.5)2 N N
ERTC0F 
(EIE2.2)

PFRTC0F 
(EIP2.2)

Reserved 0x0093 18

CS0 Conversion Complete 0x009B 19 CS0INT (CS0CN.5) Y N
ECSCPT
(EIE2.4)

PCSCPT
(EIP2.4)

CS0 Digital Comparator 0x00A3 20 CS0CMPF (CS0CN.0) Y N
ECSDC
(EIE2.5)

PCSDC
(EIP2.5)

CS0 End of Scan 0x00AB 21 CS0EOS (CS0CN.6) Y N
ECSEOS
(EIE2.6)

PCSEOS
(EIP2.6)

Notes:
1. Indicates a read-only interrupt pending flag. The interrupt enable may be used to prevent software from 

vectoring to the associated interrupt service routine.
2. Indicates a register located in an indirect memory space.
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SFR Page = 0x0; SFR Address = 0xE3

SFR Definition 21.3. XBR2: Port I/O Crossbar Register 2

Bit 7 6 5 4 3 2 1 0

Name WEAKPUD XBARE

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 WEAKPUD Port I/O Weak Pullup Disable.

0: Weak Pullups enabled (except for Port I/O pins configured for analog mode).
1: Weak Pullups disabled.

6 XBARE Crossbar Enable.

0: Crossbar disabled.
1: Crossbar enabled.

5:0 Unused Read = 000000b; Write = Don’t Care.

Note: The Crossbar must be enabled (XBARE = 1) to use any Port pin as a digital output.
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SFR Page = 0xF; SFR Address = 0x9B

SFR Page = All; SFR Address = 0xA0; Bit-Addressable

SFR Definition 21.17. P1DRV: Port1 Drive Strength

Bit 7 6 5 4 3 2 1 0

Name P1DRV[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 P1DRV[7:0] Drive Strength Configuration Bits for P1.7–P1.0 (respectively).

Configures digital I/O Port cells to high or low output drive strength. 
0: Corresponding P1.n Output has low output drive strength.
1: Corresponding P1.n Output has high output drive strength.

SFR Definition 21.18. P2: Port2

Bit 7 6 5 4 3 2 1 0

Name P2

Type R/W R R R R R R R

Reset 1 0 0 0 0 0 0 0

Bit Name Description Read Write

7 P2 Port 2 Data. 

Sets the Port latch logic 
value or reads the Port pin 
logic state in Port cells con-
figured for digital I/O.

0: Set output latch to logic 
LOW.
1: Set output latch to logic 
HIGH.

0: P2.7 Port pin is logic 
LOW.
1: P2.7 Port pin is logic 
HIGH.

6:0 Unused Read = 0000000b; Write = Don’t Care.
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22.3. SMBus Operation

Two types of data transfers are possible: data transfers from a master transmitter to an addressed slave 
receiver (WRITE), and data transfers from an addressed slave transmitter to a master receiver (READ). 
The master device initiates both types of data transfers and provides the serial clock pulses on SCL. The 
SMBus interface may operate as a master or a slave, and multiple master devices on the same bus are 
supported. If two or more masters attempt to initiate a data transfer simultaneously, an arbitration scheme 
is employed with a single master always winning the arbitration. Note that it is not necessary to specify one 
device as the Master in a system; any device who transmits a START and a slave address becomes the 
master for the duration of that transfer.

A typical SMBus transaction consists of a START condition followed by an address byte (Bits7–1: 7-bit 
slave address; Bit0: R/W direction bit), one or more bytes of data, and a STOP condition. Bytes that are 
received (by a master or slave) are acknowledged (ACK) with a low SDA during a high SCL (see 
Figure 22.3). If the receiving device does not ACK, the transmitting device will read a NACK (not acknowl-
edge), which is a high SDA during a high SCL.

The direction bit (R/W) occupies the least-significant bit position of the address byte. The direction bit is set 
to logic 1 to indicate a "READ" operation and cleared to logic 0 to indicate a "WRITE" operation. 

All transactions are initiated by a master, with one or more addressed slave devices as the target.   The 
master generates the START condition and then transmits the slave address and direction bit. If the trans-
action is a WRITE operation from the master to the slave, the master transmits the data a byte at a time 
waiting for an ACK from the slave at the end of each byte. For READ operations, the slave transmits the 
data waiting for an ACK from the master at the end of each byte. At the end of the data transfer, the master 
generates a STOP condition to terminate the transaction and free the bus. Figure 22.3 illustrates a typical 
SMBus transaction.

Figure 22.3. SMBus Transaction

22.3.1. Transmitter vs. Receiver

On the SMBus communications interface, a device is the “transmitter” when it is sending an address or 
data byte to another device on the bus. A device is a “receiver” when an address or data byte is being sent 
to it from another device on the bus. The transmitter controls the SDA line during the address or data byte. 
After each byte of address or data information is sent by the transmitter, the receiver sends an ACK or 
NACK bit during the ACK phase of the transfer, during which time the receiver controls the SDA line.

SLA6
SDA
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Slave Address + R/W Data ByteSTART ACK NACK STOP
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SFR Page = 0x0; SFR Address = 0xC0; Bit-Addressable

SFR Definition 22.2. SMB0CN: SMBus Control

Bit 7 6 5 4 3 2 1 0

Name MASTER TXMODE STA STO ACKRQ ARBLOST ACK SI

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

Reset 0 0 0 0 0 0 0 0

Bit Name Description Read Write

7 MASTER SMBus Master/Slave 
Indicator. This read-only bit 
indicates when the SMBus is 
operating as a master.

0: SMBus operating in 
slave mode.
1: SMBus operating in 
master mode.

N/A

6 TXMODE SMBus Transmit Mode 
Indicator. This read-only bit 
indicates when the SMBus is 
operating as a transmitter. 

0: SMBus in Receiver 
Mode.
1: SMBus in Transmitter 
Mode.

N/A

5 STA SMBus Start Flag. 0: No Start or repeated 
Start detected.
1: Start or repeated Start 
detected.

0: No Start generated.
1: When Configured as a 
Master, initiates a START 
or repeated START.

4 STO SMBus Stop Flag. 0: No Stop condition 
detected.
1: Stop condition detected 
(if in Slave Mode) or pend-
ing (if in Master Mode).

0: No STOP condition is 
transmitted.
1: When configured as a 
Master, causes a STOP 
condition to be transmit-
ted after the next ACK 
cycle.
Cleared by Hardware.

3 ACKRQ SMBus Acknowledge 
Request.

0: No Ack requested
1: ACK requested

N/A

2 ARBLOST SMBus Arbitration Lost 
Indicator.

0: No arbitration error.
1: Arbitration Lost

N/A

1 ACK SMBus Acknowledge. 0: NACK received.
1: ACK received.

0: Send NACK
1: Send ACK

0 SI SMBus Interrupt Flag.

This bit is set by hardware 
under the conditions listed in 
Table 15.3. SI must be cleared 
by software. While SI is set, 
SCL is held low and the 
SMBus is stalled.

0: No interrupt pending

1: Interrupt Pending

0: Clear interrupt, and initi-
ate next state machine 
event.
1: Force interrupt.
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1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag 
is set. While the SPI0 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 SPI0DAT. 

When configured as a master, SPI0 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 
NSSMD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.2) = 1. In this mode, NSS is an input to the device, and 
is used to disable the master SPI0 when another master is accessing the bus. When NSS is pulled low in 
this mode, MSTEN (SPI0CN.6) and SPIEN (SPI0CN.0) are set to 0 to disable the SPI master device, and 
a Mode Fault is generated (MODF, SPI0CN.5 = 1). Mode Fault will generate an interrupt if enabled. SPI0 
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 I/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 NSSMD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.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 I/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 NSSMD1 (SPI0CN.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 NSSMD0 (SPI0CN.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.

Figure 24.2. Multiple-Master Mode Connection Diagram

Figure 24.3. 3-Wire Single Master and 3-Wire Single Slave Mode Connection Diagram
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Figure 24.4. 4-Wire Single Master Mode and 4-Wire Slave Mode Connection Diagram

24.3. SPI0 Slave Mode Operation

When SPI0 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 
signal. A bit counter in the SPI0 logic counts SCK edges. When 8 bits have been shifted through the shift 
register, 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 SPI0DAT. A slave device cannot initiate transfers. Data to be transferred to the 
master device is pre-loaded into the shift register by writing to SPI0DAT. Writes to SPI0DAT 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, SPI0 can be configured for 4-wire or 3-wire operation. The default, 4-wire 
slave mode, is active when NSSMD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.2) = 1. In 4-wire mode, the 
NSS signal is routed to a port pin and configured as a digital input. SPI0 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 
signal 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 NSSMD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.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, SPI0 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 SPI0 with the SPIEN bit. Figure 24.3 shows a connection diagram between a slave device in 3-
wire slave mode and a master device.
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Where FPCA is the frequency of the clock selected by the CPS2–0 bits in the PCA mode register, 
PCA0MD. 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 PCA0CPLn. 
Frequency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCA0CPMn 
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 PCA0 counter and the 16-bit capture/compare 
register for the channel are equal.

Figure 26.7. PCA Frequency Output Mode

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.
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26.4. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCA Module 2. The WDT is used 
to generate a reset if the time between writes to the WDT update register (PCA0CPH2) exceed a specified 
limit. The WDT can be configured and enabled/disabled as needed by software.

With the WDTE bit set in the PCA0MD register, Module 2 operates as a watchdog timer (WDT). The 
Module 2 high byte is compared to the PCA counter high byte; the Module 2 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:

 PCA counter is forced on.

 Writes to PCA0L and PCA0H are not allowed.

 PCA clock source bits (CPS2–CPS0) are frozen.

 PCA Idle control bit (CIDL) is frozen.

 Module 2 is forced into software timer mode.

 Writes to the Module 2 mode register (PCA0CPM2) 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 PCA0CPH2 and PCA0H 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 PCA0CPH2. Upon a PCA0CPH2 write, PCA0H plus the offset held in PCA0CPL2 is 
loaded into PCA0CPH2 (See Figure 26.11).

Figure 26.11. PCA Module 2 with Watchdog Timer Enabled
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