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Welcome to E-XFL.COM

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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C8051F350/1/2/3
Figure 1.1. C8051F350 Block Diagram

Figure 1.2. C8051F351 Block Diagram

Port 0 
Latch

UART

8 kB 
FLASH

256 byte 
SRAM

POR

SFR Bus

8
0
5
1 

C
o
r
e

Timer 0, 
1, 2, 3

3-Chnl 
PCA/
WDT

P
0
 

D
r
v

X
B
A
R

Reset

System 
Clock

Digital Power

Debug HW

SMBus

C2D

C2D

CP0 +

-

CP0+

P0.0

P0.1

P0.2/XTAL1

P0.3/XTAL2

P0.4/TX

P0.5/RX

P0.6/CNVSTR

P0.7

VDD

GND

/RST/C2CK

Brown-
Out

24-bit
ADC0

A
M
U
X

AIN0

AIN1

AIN2

AIN3

AIN4

AIN5

AIN6

AIN7

VREF+

512 byte 
XRAM

SPI Bus

P
1
 

D
r
v

P1.0

P1.1

P1.2

P1.3

P1.4/CP0A

P1.5/CP0

P1.6/IDAC0

P1.7/IDAC1

CP0-

8-bit 
IDAC0

8-bit 
IDAC1

Port 1 
LatchVREF

PGA

Analog
PowerAV+

AGND

VREF–

Temp 
Sensor

Buffer
+

+

Offset 
DAC

P2.0/C2DPort 2 
Latch

CP0A

XTAL1
XTAL2

External 
Oscillator

Circuit

24.5 MHz 2%
Internal 

Oscillator

Clock 
Multiplier

Port 0 
Latch

UART

8 kB 
FLASH

256 byte 
SRAM

POR

SFR Bus

8
0
5
1 

C
o
r
e

Timer 0, 
1, 2, 3

3-Chnl 
PCA/
WDT

P
0
 

D
r
v

X
B
A
R

Reset

System 
Clock

Digital Power

Debug HW

SMBus

C2D

C2D

CP0 +

-

CP0+

P0.0

P0.1

P0.2/XTAL1

P0.3/XTAL2

P0.4/TX

P0.5/RX

P0.6/CNVSTR

P0.7

VDD

GND

/RST/C2CK

Brown-
Out

24-bit
ADC0

A
M
U
X

AIN0

AIN1

AIN2

AIN3

VREF+

512 byte 
XRAM

SPI Bus

P
1
 

D
r
v

P1.0/AIN4

P1.1/AIN5

P1.2/AIN6

P1.3/AIN7

P1.4/CP0A

P1.5/CP0

P1.6/IDAC0

P1.7/IDAC1

CP0-

8-bit 
IDAC0

8-bit 
IDAC1

Port 1 
LatchVREF

PGA

Analog
PowerAV+

AGND

VREF–

Temp 
Sensor

Buffer
+

+

Offset 
DAC

P2.0/C2DPort 2 
Latch

CP0A

AIN4-7

AIN4

AIN5

AIN6

AIN7

XTAL1
XTAL2

External 
Oscillator

Circuit

24.5 MHz 2%
Internal 

Oscillator

Clock 
Multiplier
Rev. 1.1 19



C8051F350/1/2/3
1.8. Port Input/Output

C8051F350/1/2/3 devices include 17 I/O pins. Port pins are organized as two byte-wide ports and one 1-bit 
port. The port pins behave like typical 8051 ports with a few enhancements. Each port pin can be config-
ured as a digital or analog I/O pin. Pins selected as digital I/O can be configured for push-pull or open-drain 
operation. The “weak pull-ups” that are fixed on typical 8051 devices may be globally disabled to save 
power. 

The Digital Crossbar allows mapping of internal digital system resources to port I/O pins. On-chip con-
ter/timers, serial buses, hardware interrupts, and other digital signals can be configured to appear on the 
port pins using the Crossbar control resgiters. This allows the user to select the exact mix of general-pur-
pose port I/O, digital, and analog resources needed for the application.

Figure 1.10. Port I/O Functional Block Diagram
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C8051F350/1/2/3
1.9. 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 three 16-bit capture/compare modules. 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 overflow, or an external clock signal on the 
External Clock nput (ECI) input pin. 

Each capture/compare module may be configured to operate independently in one of six modes: Edge-
Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8-Bit PWM, or 16-Bit PWM. 
Additionally, PCA Module 2 may be used as a watchdog timer (WDT), and is enabled in this mode follow-
ing a system reset. The PCA Capture/Compare Module I/O and the External Clock Input may be routed to 
Port I/O using the digital crossbar.

Figure 1.11. PCA Block Diagram
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C8051F350/1/2/3
SFR Definition 5.13. ADC0CGH: ADC0 Gain Calibration Register High Byte

SFR Definition 5.14. ADC0CGM: ADC0 Gain Calibration Register Middle Byte

SFR Definition 5.15. ADC0CGL: ADC0 Gain Calibration Register Low Byte

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

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

GCAL23 GCAL22 GCAL21 GCAL20 GCAL19 GCAL18 GCAL17 GCAL16 Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 10000000

SFR Address: 0xAD

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

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

GCAL15 GCAL14 GCAL13 GCAL12 GCAL11 GCAL10 GCAL9 GCAL8 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xAC

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

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

GCAL7 GCAL6 GCAL5 GCAL4 GCAL3 GCAL2 GCAL1 GCAL0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xAB
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C8051F350/1/2/3
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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C8051F350/1/2/3
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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Power Specifications

AV+ Supply Current to ADC0 — 230 650 µA

AV+ Supply Current to Input Buffers 
(Each Enabled Buffer)

— 90 125 µA

Power Supply Rejection 80 — — dB

Table 5.4. ADC0 SINC3 Filter Typical RMS Noise (µV)

Decimation 
Ratio

Output Word 
Rate*

PGA Gain Setting

1 2 4 8 16 32 64 128

1920 10 Hz 2.38 1.23 0.68 0.41 0.24 0.16 0.12 0.11

768 25 Hz 3.90 2.04 1.14 0.68 0.44 0.33 0.28 0.27

640 30 Hz 4.50 2.39 1.31 0.81 0.54 0.42 0.36 0.36

384 50 Hz 6.00 3.21 1.86 1.20 0.86 0.73 0.66 0.66

320 60 Hz 7.26 3.96 2.32 1.51 1.11 0.97 0.89 0.89

192 100 Hz 13.1 7.11 4.24 2.85 2.16 1.91 1.79 1.77

80 240 Hz 93.2 47.7 24.8 13.9 9.34 7.61 6.97 6.67

40 480 Hz 537 267 135 69.5 38.8 25.7 20.9 18.9

20 960 Hz 2974 1586 771 379 196 108 70.0 45.4

*Note:  Output Word Rate assuming Modulator Clock frequency = 2.4576 MHz  
(sampling clock frequency = 19.2 kHz)

Table 5.3. ADC0 Electrical Characteristics  (Continued)
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
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C8051F350/1/2/3
Table 7.1. Voltage Reference Electrical Characteristics
VDD = 3.0 V; –40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Internal Reference

Output Voltage 25 °C ambient 2.35 2.45 2.50 V

VREF Short-Circuit Current
To AGND
To AV+

—
—

9
20

—
—

mA
µA

VREF Temperature Coefficient — 15 — ppm/°C

Load Regulation Load = 0 to 200 µA to AGND — 0.5 — ppm/µA

VREF Turn-on Time 1 (0.01%)
4.7 µF tantalum, 0.1 µF ceramic 

bypass capacitors
— 3.9 — ms

VREF Turn-on Time 2 (0.01%) 0.1 µF ceramic bypass capacitor — 400 — µs

VREF Turn-on Time 3 (0.01%) no bypass capacitor — 3 — µs

Power Supply Rejection — 50 — dB

External Reference

Input Voltage Range
(VREF+ – VREF–)

1 2.5 AV+ V

Voltage on VREF+ or VREF– pin 
with respect to AGND

0 — AV+ V

Input Current VREF = 2.5 V — 2 — µA

Common Mode Rejection Ratio — 120 — dB

Power Specifications

Internal Reference Bias and Band 
Gap Generator

— 106 135 µA
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C8051F350/1/2/3
SFR Definition 9.1. CPT0CN: Comparator0 Control

Bit7: CP0EN: Comparator0 Enable Bit.
0: Comparator0 Disabled.
1: Comparator0 Enabled.

Bit6: CP0OUT: Comparator0 Output State Flag.
0: Voltage on CP0+ < CP0–.
1: Voltage on CP0+ > CP0–.

Bit5: 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.

Bit4: 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.

Bits3–2: CP0HYP1–0: Comparator0 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis = 5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

Bits1–0: CP0HYN1–0: Comparator0 Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis = 5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

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

CP0EN CP0OUT CP0RIF CP0FIF CP0HYP1 CP0HYP0 CP0HYN1 CP0HYN0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x9C
Rev. 1.1 81



C8051F350/1/2/3
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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12. Interrupt Handler
The C8051F35x family includes an extended interrupt system supporting a total of 12 interrupt sources 
with two priority levels. The allocation of interrupt sources between on-chip peripherals and external input 
pins varies according to the specific version of the device. Each interrupt source has one or more associ-
ated interrupt-pending flag(s) located in an SFR. When a peripheral or external source meets a valid inter-
rupt condition, the associated interrupt-pending flag is set to logic 1.

If interrupts are enabled for the source, an interrupt request is generated when the interrupt-pending flag is 
set. As soon as execution of the current instruction is complete, the CPU generates an LCALL to a prede-
termined address to begin execution of an interrupt service routine (ISR). Each ISR must end with an RETI 
instruction, which returns program execution to the next instruction that would have been executed if the 
interrupt request had not occurred. If interrupts are not enabled, the interrupt-pending flag is ignored by the 
hardware and program execution continues as normal. (The interrupt-pending flag is set to logic 1 regard-
less of the interrupt's enable/disable state.)

Each interrupt source can be individually enabled or disabled through the use of an associated interrupt 
enable bit in the Interrupt Enable and Extended Interrupt Enable SFRs. However, interrupts must first be 
globally enabled by setting the EA bit (IE.7) to logic 1 before the individual interrupt enables are recog-
nized. Setting the EA bit to logic 0 disables all interrupt sources regardless of the individual interrupt-
enable settings. Note that interrupts which occur when the EA bit is set to logic 0 will be held in a pending 
state, and will not be serviced until the EA bit is set back to logic 1.

Some interrupt-pending flags are automatically cleared by the hardware when the CPU vectors to the ISR. 
However, most are not cleared by the hardware and must be cleared by software before returning from the 
ISR. If an interrupt-pending flag remains set after the CPU completes the return-from-interrupt (RETI) 
instruction, a new interrupt request will be generated immediately and the CPU will re-enter the ISR after 
the completion of the next instruction. 

12.1. MCU Interrupt Sources and Vectors

The MCUs support 12 interrupt sources. Software can simulate an interrupt by setting any interrupt-pend-
ing flag to logic 1. If interrupts are enabled for the flag, an interrupt request will be generated and the CPU 
will vector to the ISR address associated with the interrupt-pending flag. MCU interrupt sources, associ-
ated vector addresses, priority order and control bits are summarized in Table 12.1 on page 106. Refer to 
the datasheet section associated with a particular on-chip peripheral for information regarding valid inter-
rupt conditions for the peripheral and the behavior of its interrupt-pending flag(s).

12.2. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low prior-
ity interrupt service routine can be preempted by a high priority interrupt. A high priority interrupt cannot be 
preempted. Each interrupt has an associated interrupt priority bit in an SFR (IP or EIP1) used to configure 
its priority level. Low priority is the default. If two interrupts are recognized simultaneously, the interrupt with 
the higher priority is serviced first. If both interrupts have the same priority level, a fixed priority order is 
used to arbitrate, given in Table 12.1.

12.3. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs. Pending interrupts are 
sampled and priority decoded each system clock cycle. Therefore, the fastest possible response time is 5 
system clock cycles: 1 clock cycle to detect the interrupt and 4 clock cycles to complete the LCALL to the 
ISR. If an interrupt is pending when a RETI is executed, a single instruction is executed before an LCALL 
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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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C8051F350/1/2/3
19.3.2. Clock Low Extension

SMBus provides a clock synchronization mechanism, similar to I2C, which allows devices with different 
speed capabilities to coexist on the bus. A clock-low extension is used during a transfer in order to allow 
slower slave devices to communicate with faster masters. The slave may temporarily hold the SCL line 
LOW to extend the clock low period, effectively decreasing the serial clock frequency.

19.3.3. SCL Low Timeout

If the SCL line is held low by a slave device on the bus, no further communication is possible. Furthermore, 
the master cannot force the SCL line high to correct the error condition. To solve this problem, the SMBus 
protocol specifies that devices participating in a transfer must detect any clock cycle held low longer than 
25 ms as a “timeout” condition. Devices that have detected the timeout condition must reset the communi-
cation no later than 10 ms after detecting the timeout condition. 

When the SMBTOE bit in SMB0CF is set, Timer 3 is used to detect SCL low timeouts. Timer 3 is forced to 
reload when SCL is high, and allowed to count when SCL is low. With Timer 3 enabled and configured to 
overflow after 25 ms (and SMBTOE set), the Timer 3 interrupt service routine can be used to reset (disable 
and re-enable) the SMBus in the event of an SCL low timeout.

19.3.4. SCL High (SMBus Free) Timeout

The SMBus specification stipulates that if the SCL and SDA lines remain high for more that 50 µs, the bus 
is designated as free. When the SMBFTE bit in SMB0CF is set, the bus will be considered free if SCL and 
SDA remain high for more than 10 SMBus clock source periods. If the SMBus is waiting to generate a 
Master START, the START will be generated following this timeout. Note that a clock source is required for 
free timeout detection, even in a slave-only implementation.
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SFR Definition 19.2. SMB0CN: SMBus Control

Bit7: 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.

Bit6: 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.

Bit5: STA: SMBus Start Flag. 
Write:
0: No Start generated.
1: When operating as a master, a START condition is transmitted if the bus is free (If the bus 
is not free, the START is transmitted after a STOP is received or a timeout is detected). If 
STA is set by software as an active Master, a repeated START will be generated after the 
next ACK cycle.
Read:
0: No Start or repeated Start detected.
1: Start or repeated Start detected.

Bit4: STO: SMBus Stop Flag. 
Write:
0: No STOP condition is transmitted.
1: Setting STO to logic 1 causes a STOP condition to be transmitted after the next ACK 
cycle. When the STOP condition is generated, hardware clears STO to logic 0. If both STA 
and STO are set, a STOP condition is transmitted followed by a START condition.
Read:
0: No Stop condition detected.
1: Stop condition detected (if in Slave Mode) or pending (if in Master Mode).

Bit3: ACKRQ: SMBus Acknowledge Request
This read-only bit is set to logic 1 when the SMBus has received a byte and needs the ACK 
bit to be written with the correct ACK response value.

Bit2: ARBLOST: SMBus Arbitration Lost Indicator.
This read-only bit is set to logic 1 when the SMBus loses arbitration while operating as a 
transmitter. A lost arbitration while a slave indicates a bus error condition.

Bit1: ACK: SMBus Acknowledge Flag. 
This bit defines the out-going ACK level and records incoming ACK levels. It should be writ-
ten each time a byte is received (when ACKRQ=1), or read after each byte is transmitted.
0: A "not acknowledge" has been received (if in Transmitter Mode) OR will be transmitted (if 
in Receiver Mode).
1: An "acknowledge" has been received (if in Transmitter Mode) OR will be transmitted (if in 
Receiver Mode).

Bit0: SI: SMBus Interrupt Flag.
This bit is set by hardware under the conditions listed in Table 19.3. SI must be cleared by 
software. While SI is set, SCL is held low and the SMBus is stalled.

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

MASTER TXMODE STA STO ACKRQ ARBLOST ACK SI 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xC0
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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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The C/T0 bit (TMOD.2) selects the counter/timer's clock source. When C/T0 is set to logic 1, high-to-low 
transitions at the selected Timer 0 input pin (T0) increment the timer register (Refer to Section 
“18.1. Priority Crossbar Decoder’ on page 139 for information on selecting and configuring external I/O 
pins). Clearing C/T selects the clock defined by the T0M bit (CKCON.3). When T0M is set, Timer 0 is 
clocked by the system clock. When T0M is cleared, Timer 0 is clocked by the source selected by the Clock 
Scale bits in CKCON (see SFR Definition 22.3).

Setting the TR0 bit (TCON.4) enables the timer when either GATE0 (TMOD.3) is logic 0 or the input signal 
/INT0 is active as defined by bit IN0PL in register IT01CF (see SFR Definition 12.5). Setting GATE0 to ‘1’ 
allows the timer to be controlled by the external input signal /INT0 (see Section “12.4. Interrupt Register 
Descriptions’ on page 107), facilitating pulse width measurements.

Setting TR0 does not force the timer to reset. The timer registers should be loaded with the desired initial 
value before the timer is enabled.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TL0 and TH0. 
Timer 1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The 
input signal /INT1 is used with Timer 1; the /INT1 polarity is defined by bit IN1PL in register IT01CF (see 
SFR Definition 12.5).

Figure 22.1. T0 Mode 0 Block Diagram

22.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The 
counter/timers are enabled and configured in Mode 1 in the same manner as for Mode 0. 
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SFR Definition 22.1. TCON: Timer Contro

Bit7: TF1: Timer 1 Overflow Flag.
Set by hardware when Timer 1 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 1 interrupt service routine.
0: No Timer 1 overflow detected.
1: Timer 1 has overflowed.

Bit6: TR1: Timer 1 Run Control. 
0: Timer 1 disabled.
1: Timer 1 enabled.

Bit5: TF0: Timer 0 Overflow Flag.
Set by hardware when Timer 0 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 0 interrupt service routine.
0: No Timer 0 overflow detected.
1: Timer 0 has overflowed.

Bit4: TR0: Timer 0 Run Control. 
0: Timer 0 disabled.
1: Timer 0 enabled.

Bit3: IE1: External Interrupt 1. 
This flag is set by hardware when an edge/level of type defined by IT1 is detected. It can be 
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt 1 service routine if IT1 = 1. When IT1 = 0, this flag is set to ‘1’ when /INT1 is active as 
defined by bit IN1PL in register IT01CF (see SFR Definition 12.5).

Bit2: IT1: Interrupt 1 Type Select. 
This bit selects whether the configured /INT1 interrupt will be edge or level sensitive. /INT1 
is configured active low or high by the IN1PL bit in the IT01CF register (see SFR Definition 
12.5).
0: /INT1 is level triggered.
1: /INT1 is edge triggered.

Bit1: IE0: External Interrupt 0. 
This flag is set by hardware when an edge/level of type defined by IT0 is detected. It can be 
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt 0 service routine if IT0 = 1. When IT0 = 0, this flag is set to ‘1’ when /INT0 is active as 
defined by bit IN0PL in register IT01CF (see SFR Definition 12.5).

Bit0: IT0: Interrupt 0 Type Select. 
This bit selects whether the configured /INT0 interrupt will be edge or level sensitive. /INT0 
is configured active low or high by the IN0PL bit in register IT01CF (see SFR Definition 
12.5).
0: /INT0 is level triggered.
1: /INT0 is edge triggered.

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

TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0x88
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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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23.2.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated 
CEXn pin. The capture/compare module high byte holds the number of PCA clocks to count before the out-
put is toggled. The frequency of the square wave is then defined by Equation 23.1.

Equation 23.1. Square Wave Frequency Output
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 reg-
ister.

Figure 23.7. PCA Frequency Output Mode
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