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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.
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their architecture, performance, and application focus.
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microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
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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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C8051F350/1/2/3
1.1. CIP-51™ Microcontroller

1.1.1. Fully 8051 Compatible Instruction Set

The C8051F35x devices use Silicon Labs’ proprietary CIP-51 microcontroller core. The CIP-51 is fully 
compatible with the MCS-51™ instruction set. Standard 803x/805x assemblers and compilers can be used 
to develop software. The C8051F35x family has a superset of all the peripherals included with a standard 
8052. 

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system 
clock cycles to execute, and usually have a maximum system clock of 12 to 24 MHz. By contrast, the CIP-
51 core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more 
than eight system clock cycles.

With the CIP-51's system clock running 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 execution 
time.

1.1.3. Additional Features

The C8051F350/1/2/3 SoC family includes several key enhancements to the CIP-51 core and peripherals 
to improve performance and ease of use in end applications.

An extended interrupt handler allows the numerous analog and digital peripherals to operate inde-
pendently of the controller core and interrupt the controller only when necessary. By requiring less inter-
vention from the microcontroller core, an interrupt-driven system is more efficient and allows for easier 
implementation of multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip VDD monitor, a Watchdog 
Timer, a Missing Clock Detector, a voltage level detection from Comparator0, a forced software reset, an 
external reset pin, and an illegal Flash access protection circuit. Each reset source except for the POR, 
Reset Input Pin, or Flash error may be disabled by the user in software. The WDT may be permanently 
enabled in software after a power-on reset during MCU initialization.

The internal oscillator is factory calibrated to 24.5 MHz ±2%. An external oscillator drive circuit is also 
included, allowing an external crystal, ceramic resonator, capacitor, RC, or CMOS clock source to generate 
the system clock. A clock multiplier allows for operation at up to 50 MHz. An external oscillator can also be 
extremely useful in low power applications, allowing the MCU to run from a slow (power saving) source, 
while periodically switching to the fast internal oscillator as needed.

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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5.2. Calibrating the ADC

ADC0 can be calibrated in-system for both gain and offset, using internal or system calibration modes. To 
ensure calibration accuracy, offset calibrations must be performed prior to gain calibrations. It is not neces-
sary to perform both internal and system calibrations, as a system calibration will also compensate for any 
internal error sources.

Offset calibration is a single-point measurement that sets which input voltage produces a zero at the ADC 
output. When performing an offset calibration, any deviation from zero in the measurement is stored in the 
offset register. The offset value is subtracted from all conversions as they take place.

Gain calibration is a two-point measurement that sets the slope of the ADC transfer function. When per-
formed, a gain calibration takes only a single measurement, which is assumed to be the desired full-scale 
value in the ADC transfer function. The offset calibration value is used as the other point in the gain calibra-
tion measurement, so that a gain factor can be calculated. After offset correction, conversions are multi-
plied by the gain factor.

Calibrations are initiated by writing the ADC System Mode bits (AD0SM) to one of the calibration options. 
During a calibration, the AD0CBSY bit is set to ‘1’. Upon completion of a calibration the the AD0SM bits will 
return to Idle mode, the AD0CBSY bit will be cleared to ‘0’, the AD0CALC bit will be set to ‘1’, and an ADC 
interrupt will be generated. Calibration results are also written to the appropriate calibration registers when 
the calibration is complete.

5.2.1. Internal Calibration

Internal calibration is performed without requiring a specific voltage on the ADC input pins. Internal calibra-
tions can be performed in three different ways: offset only, gain only, or full (offset and gain). A full internal 
calibration consists of an internal offset calibration followed by an internal gain calibration. If offset and gain 
calibrations are performed independently, offset calibration must be performed prior to gain calibration. 
During an internal offset calibration, the ADC inputs are connected internally to AGND. For an internal gain 
calibration, the ADC inputs are connected internally to a full-scale Voltage that is equal to the selected Volt-
age reference divided by the PGA gain.

5.2.2. System Calibration

System calibration is performed using voltages which are applied to the ADC inputs. There are two system 
calibration options: offset calibration and gain calibration. For accurate calibration results, offset calibration 
must be performed prior to gain calibration. During a system offset calibration, the ADC inputs should be 
connected to a “zero” value. During a system gain calibration, the ADC inputs should be connected to the 
positive full-scale value for the current PGA gain setting.

5.2.3. Calibration Coefficient Storage

The calibration results for offset and gain are each 24-bits long. The calibration results are stored in SFRs 
that are both readable and writeable from software. This enables factory calibrations, as well as manual 
modification of the offset and gain parameters. The offset calibration results are stored as a two’s comple-
ment, 24-bit number in the ADC0COH, ADC0COM, and ADC0COL registers. The mapping of the offset 
register is shown in Figure 5.3. The gain calibration results are stored as a fixed-point, 24-bit number in the 
ADC0CGH, ADC0CGM, and ADC0CGL registers. The mapping of the gain register is shown in Figure 5.4.
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SFR Definition 5.8. ADC0BUF: ADC0 Input Buffer Control

Bit 7: AD0BPHE: Positive Channel High Buffer Enable.
0: Positive Channel High Input Buffer Disabled.
1: Positive Channel High Input Buffer Enabled.

Bit 6: AD0BPLE: Positive Channel Low Enable.
0: Positive Channel Low Input Buffer Disabled.
1: Positive Channel Low Input Buffer Enabled.

Bits 5–4: AD0BPS: Positive Channel Input Selection.
00 = Bypass Input Buffer (default).
01 = Select Low Input Buffer Range.
10 = Select High Input Buffer Range.
11 = Reserved.

Bit 3: AD0BNHE: Negative Channel High Buffer Enable.
0: Negative Channel High Input Buffer Disabled.
1: Negative Channel High Input Buffer Enabled.

Bit 2: AD0BNLE: Negative Channel Low Enable.
0: Negative Channel Low Input Buffer Disabled.
1: Negative Channel Low Input Buffer Enabled.

Bits 1–0: AD0BNS: Negative Channel Input Selection.
00 = Bypass Input Buffer (default).
01 = Select Low Input Buffer Range.
10 = Select High Input Buffer Range.
11 = Reserved.

This SFR can only be modified when ADC0 is in IDLE mode.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

AD0BPHE AD0BPLE AD0BPS AD0BNHE AD0BNLE AD0BNS 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xBD
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SFR Definition 5.10. ADC0COH: ADC0 Offset Calibration Register High Byte

SFR Definition 5.11. ADC0COM: ADC0 Offset Calibration Register Middle Byte

SFR Definition 5.12. ADC0COL: ADC0 Offset Calibration Register Low Byte

Bits 7–0: OCAL[23:16]: ADC0 Offset Calibration Register High Byte.
This register contains the high byte of the 24-bit ADC Offset Calibration Value.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

OCAL23 OCAL22 OCAL21 OCAL20 OCAL19 OCAL18 OCAL17 OCAL16 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xBC

Bits 7–0: OCAL[15:8]: ADC0 Offset Calibration Register Middle Byte.
This register contains the middle byte of the 24-bit ADC Offset Calibration Value.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

OCAL15 OCAL14 OCAL13 OCAL12 OCAL11 OCAL10 OCAL9 OCAL8 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xBB

Bits 7–0: OCAL[7:0]: ADC0 Offset Calibration Register Low Byte.
This register contains the low byte of the 24-bit ADC Offset Calibration Value.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

OCAL7 OCAL6 OCAL5 OCAL4 OCAL3 OCAL2 OCAL1 OCAL0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xBA
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SFR Definition 5.16. ADC0H: ADC0 Conversion Register (SINC3 Filter) High Byte

SFR Definition 5.17. ADC0M: ADC0 Conversion Register (SINC3 Filter) Middle Byte

SFR Definition 5.18. ADC0L: ADC0 Conversion Register (SINC3 Filter) Low Byte

Bits 7–0: ADC0H: ADC0 Conversion Register (SINC3 Filter) High Byte.
C8051F350/1: This register contains bits 23–16 of the 24-bit ADC SINC3 filter conversion 
result.
C8051F352/3: This register contains bits 15–8 of the 16-bit ADC SINC3 filter conversion 
result.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

ADC0H 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xC5

Bits 7–0: ADC0M: ADC0 Conversion Register (SINC3 Filter) Middle Byte.
C8051F350/1: This register contains bits 15–8 of the 24-bit ADC SINC3 filter conversion 
result.
C8051F352/3: This register contains bits 7–0 of the 16-bit ADC SINC3 filter conversion 
result.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

ADC0M 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xC4

Bits 7–0: ADC0L: ADC0 Conversion Register (SINC3 Filter) Low Byte.
C8051F350/1: This register contains bits 7–0 of the 24-bit ADC SINC3 filter conversion 
result.
C8051F352/3: This register contains all zeros (00000000b).

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

ADC0L 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xC3
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5.6. Analog Multiplexer

ADC0 includes analog multiplexer circuitry with independent selection capability for the AIN+ and AIN– 
inputs. Each input can be connected to one of ten possible input sources: AIN0.0 though AIN0.7, AGND, or 
the on-chip temperature sensor circuitry (Figure 5.5). The ADC0MUX register (SFR Definition 5.22) con-
trols the input mux selection for both input channels. The multiplexer configuration allows for measurement 
of single-ended or differential signals. A single-ended measurement can be performed by connecting one 
of the ADC inputs to AGND. Additionally, the temperature sensor can be measured in single-ended or dif-
ferential mode. The temperature sensor is automatically enabled when it is selected with the ADC multi-
plexer. See Section “8. Temperature Sensor’ on page 77 for more details on the temperature sensor.

Figure 5.5. ADC0 Multiplexer Connections
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Table 5.3. ADC0 Electrical Characteristics  
VDD = AV+ = 3.0 V, VREF = 2.5 V External, PGA Gain = 1, MDCLK = 2.4576 MHz,  
Decimation Ratio = 1920, –40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units

24-bit ADC (C8051F350/1)

Resolution 24 bits

No Missing Codes 24 bits

16-bit ADC (C8051F352/3)

Resolution 16 bits

No Missing Codes 16 bits

All Devices

Integral Nonlinearity
— — ±15 ppm 

FS

Offset Error (Calibrated) — ±5 — ppm

Offset Drift vs. Temperature
— 10 — nV/

°C

Gain Error (Calibrated) — ±0.002 — %

Gain Drift vs. Temperature
— ±0.5 — ppm/

°C

Modulator Clock (MDCLK) — 2.4576 — MHz

Modulator Sampling Frequency MDCLK/128 Hz

Output Word Rate — — 1000 sps

Analog Inputs

Analog Input Voltage Range
(AIN+ – AIN–)

PGA Gain = 1, Bipolar
PGA Gain = 1, Unipolar

–VREF
0

—
—

+VREF
+VREF

V

Absolute Voltage on AIN+ or AIN– 
pin with respect to AGND

Input Buffers OFF 0 — AV+ V

Input Current Input Buffer ON — ± 1.5 30 nA

Input Impedance
Input Buffer OFF, 

Gain = 1
— 7 — MΩ

Common Mode Rejection Ratio
DC

50/60 Hz
95 110

100
—
—

dB
dB

Input Buffers

High Buffer Input Range with respect 
to AGND

PGA Gain = 1, 2, 4, or 8
PGA Gain = 16
PGA Gain = 32

PGA Gain = 64 or 128

1.4
1.45
1.5
1.6

—
—
—
—

AV+ – 0.1
AV+ – 0.15
AV+ – 0.2
AV+ – 0.25

V
V
V
V

Low Buffer Input Range with respect 
to AGND

PGA Gain = 1, 2, 4, or 8
PGA Gain = 16
PGA Gain = 32

PGA Gain = 64 or 128

0.1
0.15
0.2
0.25

—
—
—
—

AV+ – 1.4
AV+ – 1.45
AV+ – 1.5
AV+ – 1.6

V
V
V
V

Burnout Current Sources

Positive (AIN+) Channel Current VREF = 2.5 V 0.9 2 2.9 µA

Negative (AIN–) Channel Current VREF = 2.5 V –0.9 –2 –2.9 µA
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6. 8-Bit Current Mode DACS (IDA0 and IDA1)
The C8051F350/1/2/3 devices include two 8-bit current-mode Digital-to-Analog Converters (IDACs). The 
maximum current output of the IDACs can be adjusted for four different current settings; 0.25 mA, 0.5 mA, 
1 mA, and 2 mA. The IDACs can be individually enabled or disabled using the enable bits in the corre-
sponding IDAC Control Register (IDA0CN or IDA1CN). An internal bandgap bias generator is used to gen-
erate a reference current for the IDACs whenever they are enabled. IDAC updates can be performed on-
demand, scheduled on a Timer overflow, or synchronized with an external pin edge. Figure 6.1 shows a 
block diagram of the IDAC circuitry.

Figure 6.1. IDAC Functional Block Diagram
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SFR Definition 10.4. PSW: Program Status Word

Bit7: CY: Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow 
(subtraction). It is cleared to 0 by all other arithmetic operations.

Bit6: AC: Auxiliary Carry Flag
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a borrow 
from (subtraction) the high order nibble. It is cleared to 0 by all other arithmetic operations.

Bit5: F0: User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.

Bits4–3: RS1–RS0: Register Bank Select.
These bits select which register bank is used during register accesses. 

Bit2: OV: Overflow Flag.
This bit is set to 1 under the following circumstances:
• An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
• A MUL instruction results in an overflow (result is greater than 255).
• A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other 
cases.

Bit1: F1: User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.

Bit0: PARITY: Parity Flag.
This bit is set to 1 if the sum of the eight bits in the accumulator is odd and cleared if the sum 
is even.

R/W R/W R/W R/W R/W R/W R/W R Reset Value

CY AC F0 RS1 RS0 OV F1 PARITY 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xD0

RS1 RS0 Register Bank Address

0 0 0 0x00 – 0x07

0 1 1 0x08 – 0x0F

1 0 2 0x10 – 0x17

1 1 3 0x18 – 0x1F
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SFR Definition 18.5. P0MDOUT: Port0 Output Mode

SFR Definition 18.6. P0SKIP: Port0 Skip

Bits7–0: Output Configuration Bits for P0.7–P0.0 (respectively): ignored if corresponding bit in regis-
ter P0MDIN is logic 0.
0: Corresponding P0.n Output is open-drain.
1: Corresponding P0.n Output is push-pull.

(Note: When SDA and SCL appear on any of the Port I/O, each are open-drain regardless 
of the value of P0MDOUT).

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xA4

Bits7–0: P0SKIP[7:0]: Port0 Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (VREF input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P0.n pin is not skipped by the Crossbar.
1: Corresponding P0.n pin is skipped by the Crossbar.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xD4
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SFR Definition 18.11. P2: Port2

SFR Definition 18.12. P2MDOUT: Port2 Output Mode

Bits7–1: Unused. Read = 0000000b. Write = don’t care.
Bit0: P2.0

Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P2MDOUT.n bit = 0).
Read - Directly reads Port pin.
0: P2.n pin is logic low.
1: P2.n pin is logic high.

R R R R R R R R/W Reset Value

— — — — — — — P2.0 00000001

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xA0

Bits7–1: Unused. Read = 0000000b. Write = don’t care.
Bit0: Output Configuration Bit for P2.0.

0: P2.0 Output is open-drain.
1: P2.0 Output is push-pull.

R R R R R R R R/W Reset Value

— — — — — — — 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xA6
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19. SMBus
The SMBus I/O interface is a two-wire, bi-directional serial bus. The SMBus is compliant with the System 
Management Bus Specification, version 1.1, and compatible with the I2C serial bus. Reads and writes to 
the interface by the system controller are byte oriented with the SMBus interface autonomously controlling 
the serial transfer of the data. Data can be transferred at up to 1/20th of the system clock as a master or 
slave (this can be faster than allowed by the SMBus specification, depending on the system clock used). A 
method of extending the clock-low duration is available to accommodate devices with different speed 
capabilities on the same bus.

The SMBus interface may operate as a master and/or slave, and may function on a bus with multiple mas-
ters. The SMBus provides control of SDA (serial data), SCL (serial clock) generation and synchronization, 
arbitration logic, and START/STOP control and generation. Three SFRs are associated with the SMBus: 
SMB0CF configures the SMBus; SMB0CN controls the status of the SMBus; and SMB0DAT is the data 
register, used for both transmitting and receiving SMBus data and slave addresses.

Figure 19.1. SMBus Block Diagram
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19.4.1. SMBus Configuration Register

The SMBus Configuration register (SMB0CF) is used to enable the SMBus Master and/or Slave modes, 
select the SMBus clock source, and select the SMBus timing and timeout options. When the ENSMB bit is 
set, the SMBus is enabled for all master and slave events. Slave events may be disabled by setting the 
INH bit. With slave events inhibited, the SMBus interface will still monitor the SCL and SDA pins; however, 
the interface will NACK all received addresses and will not generate any slave interrupts. When the INH bit 
is set, all slave events will be inhibited following the next START (interrupts will continue for the duration of 
the current transfer).

The SMBCS1–0 bits select the SMBus clock source, which is used only when operating as a master or 
when the Free Timeout detection is enabled. When operating as a master, overflows from the selected 
source determine the absolute minimum SCL low and high times as defined in Equation 19.1. Note that the 
selected clock source may be shared by other peripherals so long as the timer is left running at all times. 
For example, Timer 1 overflows may generate the SMBus and UART baud rates simultaneously. Timer 
configuration is covered in Section “22. Timers’ on page 195.

Equation 19.1. Minimum SCL High and Low Times
The selected clock source should be configured to establish the minimum SCL High and Low times as per 
Equation 19.1. When the interface is operating as a master (and SCL is not driven or extended by any 
other devices on the bus), the typical SMBus bit rate is approximated by Equation 19.2.

Equation 19.2. Typical SMBus Bit Rate

Table 19.1. SMBus Clock Source Selection

SMBCS1 SMBCS0 SMBus Clock Source
0 0 Timer 0 Overflow
0 1 Timer 1 Overflow
1 0 Timer 2 High Byte Overflow
1 1 Timer 2 Low Byte Overflow

THighMin TLowMin
1

fClockSourceOverflow
----------------------------------------------= =

BitRate
fClockSourceOverflow

3
----------------------------------------------=
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19.4.2. SMB0CN Control Register

SMB0CN is used to control the interface and to provide status information (see SFR Definition 19.2). The 
higher four bits of SMB0CN (MASTER, TXMODE, STA, and STO) form a status vector that can be used to 
jump to service routines. MASTER and TXMODE indicate the master/slave state and transmit/receive 
modes, respectively. 

STA and STO indicate that a START and/or STOP has been detected or generated since the last SMBus 
interrupt. STA and STO are also used to generate START and STOP conditions when operating as a mas-
ter. Writing a ‘1’ to STA will cause the SMBus interface to enter Master Mode and generate a START when 
the bus becomes free (STA is not cleared by hardware after the START is generated). Writing a ‘1’ to STO 
while in Master Mode will cause the interface to generate a STOP and end the current transfer after the 
next ACK cycle. If STO and STA are both set (while in Master Mode), a STOP followed by a START will be 
generated.

As a receiver, writing the ACK bit defines the outgoing ACK value; as a transmitter, reading the ACK bit 
indicates the value received on the last ACK cycle. ACKRQ is set each time a byte is received, indicating 
that an outgoing ACK value is needed. When ACKRQ is set, software should write the desired outgoing 
value to the ACK bit before clearing SI. A NACK will be generated if software does not write the ACK bit 
before clearing SI. SDA will reflect the defined ACK value immediately following a write to the ACK bit; 
however SCL will remain low until SI is cleared. If a received slave address is not acknowledged, further 
slave events will be ignored until the next START is detected.

The ARBLOST bit indicates that the interface has lost an arbitration. This may occur anytime the interface 
is transmitting (master or slave). A lost arbitration while operating as a slave indicates a bus error condi-
tion. ARBLOST is cleared by hardware each time SI is cleared.

The SI bit (SMBus Interrupt Flag) is set at the beginning and end of each transfer, after each byte frame, or 
when an arbitration is lost; see Table 19.3 for more details. 

Important note about the SI bit: The SMBus interface is stalled while SI is set; thus SCL is held low, and 
the bus is stalled until software clears SI. 

Table 19.3 lists all sources for hardware changes to the SMB0CN bits. Refer to Table 19.4 for SMBus sta-
tus decoding using the SMB0CN register. 
Rev. 1.1 159



C8051F350/1/2/3
19.5.3. Slave Receiver Mode

Serial data is received on SDA and the clock is received on SCL. When slave events are enabled (INH = 
0), the interface enters Slave Receiver Mode when a START followed by a slave address and direction bit 
(WRITE in this case) is received. Upon entering Slave Receiver Mode, an interrupt is generated and the 
ACKRQ bit is set. Software responds to the received slave address with an ACK, or ignores the received 
slave address with a NACK. If the received slave address is ignored, slave interrupts will be inhibited until 
the next START is detected. If the received slave address is acknowledged, zero or more data bytes are 
received. Software must write the ACK bit after each received byte to ACK or NACK the received byte. The 
interface exits Slave Receiver Mode after receiving a STOP. Note that the interface will switch to Slave 
Transmitter Mode if SMB0DAT is written while an active Slave Receiver. Figure 19.7 shows a typical Slave 
Receiver 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 19.7. Typical Slave Receiver Sequence

PWSLAS Data ByteData Byte A AA

S = START
P = STOP
A = ACK
W = WRITE
SLA = Slave Address

Received by SMBus
Interface

Transmitted by
SMBus Interface

Interrupt Interrupt Interrupt

Interrupt
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20.2.2. 9-Bit UART 

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programma-
ble ninth data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB80
(SCON0.3), which is assigned by user software. It can be assigned the value of the parity flag (bit P in reg-
ister PSW) for error detection, or used in multiprocessor communications. On receive, the ninth data bit 
goes into RB80 (SCON0.2) and the stop bit is ignored. 

Data transmission begins when an instruction writes a data byte to the SBUF0 register. The TI0 Transmit 
Interrupt Flag (SCON0.1) is set at the end of the transmission (the beginning of the stop-bit time). Data 
reception can begin any time after the REN0 Receive Enable bit (SCON0.4) is set to ‘1’. After the stop bit 
is received, the data byte will be loaded into the SBUF0 receive register if the following conditions are met: 
(1) RI0 must be logic 0, and (2) if MCE0 is logic 1, the 9th bit must be logic 1 (when MCE0 is logic 0, the 
state of the ninth data bit is unimportant). If these conditions are met, the eight bits of data are stored in 
SBUF0, the ninth bit is stored in RB80, and the RI0 flag is set to ‘1’. If the above conditions are not met, 
SBUF0 and RB80 will not be loaded and the RI0 flag will not be set to ‘1’. A UART0 interrupt will occur if 
enabled when either TI0 or RI0 is set to ‘1’.

Figure 20.5. 9-Bit UART Timing Diagram

20.3. Multiprocessor Communications

9-Bit UART mode supports multiprocessor communication between a master processor and one or more 
slave processors by special use of the ninth data bit. When a master processor wants to transmit to one or 
more slaves, it first sends an address byte to select the target(s). An address byte differs from a data byte 
in that its ninth bit is logic 1; in a data byte, the ninth bit is always set to logic 0.

Setting the MCE0 bit (SCON0.5) of a slave processor configures its UART such that when a stop bit is 
received, the UART will generate an interrupt only if the ninth bit is logic 1 (RB80 = 1) signifying an address 
byte has been received. In the UART interrupt handler, software will compare the received address with 
the slave's own assigned 8-bit address. If the addresses match, the slave will clear its MCE0 bit to enable 
interrupts on the reception of the following data byte(s). Slaves that weren't addressed leave their MCE0
bits set and do not generate interrupts on the reception of the following data bytes, thereby ignoring the 
data. Once the entire message is received, the addressed slave resets its MCE0 bit to ignore all transmis-
sions until it receives the next address byte.

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple 
slaves, thereby enabling "broadcast" transmissions to more than one slave simultaneously. The master 
processor can be configured to receive all transmissions or a protocol can be implemented such that the 
master/slave role is temporarily reversed to enable half-duplex transmission between the original master 
and slave(s).

D1D0 D2 D3 D4 D5 D6 D7
START

BIT
MARK

STOP
BIT

BIT TIMES

BIT SAMPLING

SPACE
D8
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SFR Definition 21.1. SPI0CFG: SPI0 Configuration

Bit 7: SPIBSY: SPI Busy (read only).
This bit is set to logic 1 when a SPI transfer is in progress (Master or Slave Mode).

Bit 6: MSTEN: Master Mode Enable. 
0: Disable master mode. Operate in slave mode.
1: Enable master mode. Operate as a master.

Bit 5: CKPHA: SPI0 Clock Phase.
This bit controls the SPI0 clock phase. 
0: Data centered on first edge of SCK period.*
1: Data centered on second edge of SCK period.*

Bit 4: CKPOL: SPI0 Clock Polarity. 
This bit controls the SPI0 clock polarity.
0: SCK line low in idle state.
1: SCK line high in idle state.

Bit 3: SLVSEL: Slave Selected Flag (read only). 
This bit is 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 indicate the 
instantaneous value at the NSS pin, but rather a de-glitched version of the pin input.

Bit 2: NSSIN: NSS Instantaneous Pin Input (read only). 
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.

Bit 1: SRMT: Shift Register Empty (Valid in Slave Mode, read only).
This bit will be set to logic 1 when all data has been transferred in/out of the shift register, 
and there is no new information available to read from the transmit buffer or write to the 
receive buffer. It returns 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 when in Master Mode.

Bit 0: RXBMT: Receive Buffer Empty (Valid in Slave Mode, read only).
This bit will be set to logic 1 when the receive buffer has been read and contains no new 
information. 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 when in Master Mode.

*Note:  See Table 21.1 for timing parameters.

R R/W R/W R/W R R R R Reset Value

SPIBSY MSTEN CKPHA CKPOL SLVSEL NSSIN SRMT RXBMT 00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xA1
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SFR Definition 22.3. CKCON: Clock Control

Bit7: T3MH: Timer 3 High Byte Clock Select.
This bit selects the clock supplied to the Timer 3 high byte if Timer 3 is configured in split 8-
bit timer mode. T3MH is ignored if Timer 3 is in any other mode.
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.

Bit6: T3ML: Timer 3 Low Byte Clock Select.
This bit selects the clock supplied to Timer 3. If Timer 3 is configured in split 8-bit timer 
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.

Bit5: T2MH: Timer 2 High Byte Clock Select.
This bit selects the clock supplied to the Timer 2 high byte if Timer 2 is configured in split 8-
bit timer mode. T2MH is ignored if Timer 2 is in any other mode.
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.

Bit4: T2ML: Timer 2 Low Byte Clock Select.
This bit 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.

Bit3: T1M: Timer 1 Clock Select. 
This select the clock source supplied to Timer 1. T1M is ignored when C/T1 is set to logic 1.
0: Timer 1 uses the clock defined by the prescale bits, SCA1–SCA0.
1: Timer 1 uses the system clock.

Bit2: T0M: Timer 0 Clock Select. 
This bit selects the clock source supplied to Timer 0. T0M is ignored when C/T0 is set to 
logic 1.
0: Counter/Timer 0 uses the clock defined by the prescale bits, SCA1–SCA0.
1: Counter/Timer 0 uses the system clock.

Bits1–0: SCA1–SCA0: Timer 0/1 Prescale Bits.
These bits control the division of the clock supplied to Timer 0 and Timer 1 if configured to 
use prescaled clock inputs.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

T3MH T3ML T2MH T2ML T1M T0M SCA1 SCA0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x8E

SCA1 SCA0 Prescaled Clock
0 0 System clock divided by 12
0 1 System clock divided by 4
1 0 System clock divided by 48
1 1 External clock divided by 8

Note: External clock divided by 8 is synchronized with the 
system clock.
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