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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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3.  Pinout and Package Definitions

Table 3.1. Pin Definitions for the C8051F96x  

Name
Pin Numbers

Type Description
DQFN76 TQFP80 QFN40

VBAT A5 8 5 P In Battery Supply Voltage. Must be 1.8 to 3.8 V.

VBATDC A6 10 5 P In DC0 Input Voltage. Must be 1.8 to 3.8 V.

VDC A8 14 8 P In

P Out

Alternate Power Supply Voltage. Must be 1.8 to 
3.6 V. This supply voltage must always be ≤ 
VBAT. Software may select this supply voltage to 
power the digital logic.

Positive output of the dc-dc converter. A 1 µF to 
10 µF ceramic capacitor is required on this pin 
when using the dc-dc converter. This pin can 
supply power to external devices when the dc-dc 
converter is enabled.

GNDDC A 12 7 P In DC-DC converter return current path. This pin is 
typically tied to the ground plane.

GND B6 13,64,
66,68

7 G Required Ground.

IND B5 11 6 P In DC-DC Inductor Pin. This pin requires a 560 nH 
inductor to VDC if the dc-dc converter is used. 

VIO B4 9 5 P In I/O Power Supply for P0.0–P1.4 and P2.4–P7.0 
pins. This supply voltage must always be  
≤ VBAT.

VIORF B7 15 8 P In I/O Power Supply for P1.5–P2.3 pins. This sup-
ply voltage must always be ≤ VBAT.

RST/

C2CK

A9 16 9 D I/O

D I/O

Device Reset. Open-drain output of internal POR 
or VDD monitor. An external source can initiate a 
system reset by driving this pin low for at least 
15 µs. A 1 kΩ to 5 kΩ pullup to VDD is recom-
mended. See Reset Sources Section for a com-
plete description.

Clock signal for the C2 Debug Interface.

P7.0/

C2D

A10 17 10 D I/O

D I/O

Port 7.0. This pin can only be used as GPIO. The 
Crossbar cannot route signals to this pin and it 
cannot be configured as an analog input. See 
Port I/O Section for a complete description.

Bi-directional data signal for the C2 Debug Inter-
face.

VLCD A32 61 32 P I/O LCD Power Supply. This pin requires a 10 µF 
capacitor to stabilize the charge pump.
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P0.6

CNVSTR

A38 76 38 D I/O or 
A In

D In

Port 0.6. See Port I/O Section for a complete 
description.

External Convert Start Input for ADC0. See 
ADC0 section for a complete description.

P0.7

IREF0

A37 74 37 D I/O or 
A In

A Out

Port 0.7. See Port I/O Section for a complete 
description.

IREF0 Output. See IREF Section for complete 
description.

P1.0

PC0

A36 72 36 D I/O or
A In

D I/O

Port 1.0. See Port I/O Section for a complete 
description. 

Pulse Counter 0.

P1.1

PC1

A35 70 35 D I/O or
A In

D I/O

Port 1.1. See Port I/O Section for a complete 
description.

Pulse Counter 1.

P1.2

XTAL3

A34 67 34 D I/O or
A In

A In

Port 1.2. See Port I/O Section for a complete 
description.

SmaRTClock Oscillator Crystal Input.

P1.3

XTAL4

A33 65 33 D I/O or
A In

A Out

Port 1.3. See Port I/O Section for a complete 
description.

SmaRTClock Oscillator Crystal Output.

P1.4 A31 60 31 D I/O or
A In

Port 1.4. See Port I/O Section for a complete 
description.

P1.5 A30 57 30 D I/O or
A In

Port 1.5. See Port I/O Section for a complete 
description. VIORF supply. 

P1.6 A29 56 29 D I/O or
A In

Port 1.6. See Port I/O Section for a complete 
description. VIORF supply. May also be used as 
INT0 or INT1.

P1.7 A28 54 28 D I/O or
A In

Port 1.7. See Port I/O Section for a complete 
description. VIORF supply. May also be used as 
INT0 or INT1.

P2.0 A27 53 27 D I/O or
A In

Port 2.0. See Port I/O Section for a complete 
description. VIORF supply. May also be used as 
SCK for SPI1.

Table 3.1. Pin Definitions for the C8051F96x  (Continued)

Name
Pin Numbers

Type Description
DQFN76 TQFP80 QFN40
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4.2.  Electrical Characteristics

Table 4.2. Global Electrical Characteristics  
–40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Condition Min Typ Max Unit

Supply Voltage (VBAT) 1.8 3.8 V

Minimum RAM Data  
Retention Voltage1

Not in sleep mode
in sleep mode

—
—

1.4
0.3

—
0.5

V

SYSCLK (System Clock)2 0 — 25 MHz

TSYSH (SYSCLK High Time) 18 — — ns

TSYSL (SYSCLK Low Time) 18 — — ns

Specified Operating  
Temperature Range

–40 — +85 °C

Notes:
1. Based on device characterization data; Not production tested.
2. SYSCLK must be at least 32 kHz to enable debugging.

Table 4.3. Digital Supply Current at VBAT pin with DC-DC Converter Enabled 
–40 to +85 °C, VBAT = 3.6V, VDC = 1.9 V, 24.5 MHz system clock unless otherwise specified. 

Parameter Condition Min Typ Max Unit

Digital Supply Current—CPU Active (Normal Mode, fetching instructions from flash, no external 
load)

IBAT 1,2,3 VBAT= 3.0 V — 4.1 — mA

VBAT= 3.3 V — 4.0 — mA

VBAT= 3.6 V — 3.8 — mA

Digital Supply Current—CPU Inactive (Sleep Mode, sourcing current to external device)

IBAT
1 sourcing 9 mA to external device — 6.5 — mA

sourcing 19 mA to external device — 13 — mA

Notes:
1. Based on device characterization data; Not production tested.

2. Digital Supply Current depends upon the particular code being executed. The values in this table are obtained 
with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop that accesses an 
SFR, and moves data around using the CPU (between accumulator and b-register). The supply current will 
vary slightly based on the physical location of this code in flash. As described in the Flash Memory chapter, it 
is best to align the jump addresses with a flash word address (byte location /4), to minimize flash accesses 
and power consumption.

3. Includes oscillator and regulator supply current.
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Digital Supply Current  
(Sleep Mode, SmaRTClock 
running, 32.768 kHz Crys-
tal, LCD Contrast Mode 3 
(2.7 V), charge pump 
enabled, 60 Hz refresh rate, 
driving 32 segment pins w/ 
no load)

1.8 V, T = 25 °C, static LCD
1.8 V, T = 25 °C, 2-Mux LCD
1.8 V, T = 25 °C, 3-Mux LCD
1.8 V, T = 25 °C, 4-Mux LCD

—
—
—
—

1.3
1.8
1.8
2.0

—
—
—
—

µA

Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)
–40 to +85 °C, 25 MHz system clock unless otherwise specified. 

Parameter Condition Min Typ Max Unit

Notes:
1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code 

being executed. Digital Supply Current depends on the particular code being executed. The values in this 
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop 
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The 
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash 
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to 
minimize flash accesses and power consumption.

2. Includes oscillator and regulator supply current.

3. Based on device characterization data; Not production tested.

4. Measured with one-shot enabled.

5. Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x0F.

6. Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.

7. Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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5.  SAR ADC with 16-bit Auto-Averaging Accumulator and 
Autonomous Low Power Burst Mode

The ADC0 on C8051F96x devices is a 300 ksps, 10-bit or 75 ksps, 12-bit successive-approximation-regis-
ter (SAR) ADC with integrated track-and-hold and programmable window detector. ADC0 also has an 
autonomous low power Burst Mode which can automatically enable ADC0, capture and accumulate sam-
ples, then place ADC0 in a low power shutdown mode without CPU intervention. It also has a 16-bit accu-
mulator that can automatically oversample and average the ADC results. See Section 5.4 for more details 
on using the ADC in 12-bit mode. 

The ADC is fully configurable under software control via Special Function Registers. The ADC0 operates in 
Single-ended mode and may be configured to measure various different signals using the analog multi-
plexer described in “5.7. ADC0 Analog Multiplexer” on page 95. The voltage reference for the ADC is 
selected as described in “5.9. Voltage and Ground Reference Options” on page 100. 

Figure 5.1. ADC0 Functional Block Diagram

5.1.  Output Code Formatting
The registers ADC0H and ADC0L contain the high and low bytes of the output conversion code from the 
ADC at the completion of each conversion. Data can be right-justified or left-justified, depending on the 
setting of the AD0SJST[2:0]. When the repeat count is set to 1, conversion codes are represented as 10-
bit unsigned integers. Inputs are measured from 0 to VREF x 1023/1024. Example codes are shown below 
for both right-justified and left-justified data. Unused bits in the ADC0H and ADC0L registers are set to 0.
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5.10.  External Voltage Reference
To use an external voltage reference, REFSL[1:0] should be set to 00. Bypass capacitors should be added 
as recommended by the manufacturer of the external voltage reference. If the manufacturer does not pro-
vide recommendations, a 4.7uF in parallel with a 0.1uF capacitor is recommended.

5.11.  Internal Voltage Reference
For applications requiring the maximum number of port I/O pins, or very short VREF turn-on time, the 
1.65 V high-speed reference will be the best internal reference option to choose. The high speed internal 
reference is selected by setting REFSL[1:0] to 11. When selected, the high speed internal reference will be 
automatically enabled/disabled on an as-needed basis by ADC0.

For applications with a non-varying power supply voltage, using the power supply as the voltage reference 
can provide ADC0 with added dynamic range at the cost of reduced power supply noise rejection. To use 
the 1.8 to 3.6 V power supply voltage (VDD) or the 1.8 V regulated digital supply voltage as the reference 
source, REFSL[1:0] should be set to 01 or 10, respectively. 

5.12.  Analog Ground Reference
To prevent ground noise generated by switching digital logic from affecting sensitive analog measure-
ments, a separate analog ground reference option is available. When enabled, the ground reference for 
ADC0 during both the tracking/sampling and the conversion periods is taken from the P0.1/AGND pin. Any 
external sensors sampled by ADC0 should be referenced to the P0.1/AGND pin. This pin should be con-
nected to the ground terminal of any external sensors sampled by ADC0. If an external voltage reference is 
used, the P0.1/AGND pin should be connected to the ground of the external reference and its associated 
decoupling capacitor. The separate analog ground reference option is enabled by setting REFGND to 1. 
Note that when sampling the internal temperature sensor, the internal chip ground is always used for the 
sampling operation, regardless of the setting of the REFGND bit. Similarly, whenever the internal 1.65 V 
high-speed reference is selected, the internal chip ground is always used during the conversion period, 
regardless of the setting of the REFGND bit.

5.13.  Temperature Sensor Enable
The TEMPE bit in register REF0CN enables/disables the temperature sensor. While disabled, the tem-
perature sensor defaults to a high impedance state and any ADC0 measurements performed on the sen-
sor result in meaningless data. See Section “5.8. Temperature Sensor” on page 97 for details on 
temperature sensor characteristics when it is enabled.
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SFR Page = 0x0; SFR Address = 0x9C

SFR Definition 7.4. CPT1MD: Comparator 1 Mode Selection

Bit 7 6 5 4 3 2 1 0

Name CP1RIE CP1FIE CP1MD[1:0]

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

Reset 1 0 0 0 0 0 1 0

Bit Name Function

7 Reserved Read = 1b, Must Write 1b.

6 Unused Unused.

Read = 0b, Write = don’t care.

5 CP1RIE Comparator1 Rising-Edge Interrupt Enable.

0: Comparator1 Rising-edge interrupt disabled.
1: Comparator1 Rising-edge interrupt enabled.

4 CP1FIE Comparator1 Falling-Edge Interrupt Enable.

0: Comparator1 Falling-edge interrupt disabled.
1: Comparator1 Falling-edge interrupt enabled.

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

1:0 CP1MD[1:0] Comparator1 Mode Select

These bits affect the response time and power consumption for Comparator1.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)
01: Mode 1
10: Mode 2
11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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Table 17.1. Interrupt Summary

Interrupt Source Interrupt 
Vector

Priority 
Order

Pending Flag

B
it

 a
d

d
re

s
s

ab
le

?

C
le

a
re

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)* N N EARTC0 
(EIE1.1)

PARTC0 
(EIP1.1)

ADC0 Window Compara-
tor

0x004B 9 AD0WINT 
(ADC0CN.3)

Y N EWADC0 
(EIE1.2)

PWADC0 
(EIP1.2)

ADC0 End of Conversion 0x0053 10 AD0INT (ADC0STA.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)

Comparator1 0x006B 13 CP1FIF (CPT1CN.4)
CP1RIF (CPT1CN.5)

N N ECP1 
(EIE1.6)

PCP1 
(EIP1.6)

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

N N ET3 
(EIE1.7)

PT3 
(EIP1.7)

VDD/VBAT Supply Monitor 
Early Warning

0x007B 15 VDDOK (VDM0CN.5)1

VBOK (VDM0CN.2)1
EWARN 
(EIE2.0)

PWARN 
(EIP2.0)

Port Match 0x0083 16 None EMAT 
(EIE2.1)

PMAT 
(EIP2.1)
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18.1.4. Flash Write Optimization

The flash write procedure includes a block write option to optimize the time to perform consecutive byte 
writes. When block write is enabled by setting the CHBLKW bit (FLRBCN.0), writes to flash will occur in 
blocks of 4 bytes and require the same amount of time as a single byte write. This is performed by caching 
the bytes whose address end in 00b, 01b, and 10b that is written to flash and then committing all four bytes 
to flash when the byte with address 11b is written. When block writes are enabled, if the write to the byte 
with address 11b does not occur, the other three data bytes written is not committed to flash. 

A write to flash memory can clear bits to logic 0 but cannot set them; only an erase operation can set bits 
to logic 1 in flash. The Flash Block to be programmed should be erased before a new value is writ-
ten.

The recommended procedure for writing a 4-byte flash block is as follows:

1. Save current interrupt state and disable interrupts.

2. Set the CHBLKW bit (register FLRBCN).

3. Set the PSWE bit (register PSCTL).

4. Clear the PSEE bit (register PSCTL).

5. If writing to an address in Banks 1, 2, or 3, set the COBANK[1:0] bits (register PSBANK) for the 
appropriate bank

6. Write the first key code to FLKEY: 0xA5.

7. Write the second key code to FLKEY: 0xF1.

8. Using the MOVX instruction, write the first data byte to the desired location within the 1024-byte 
sector whose address ends in 00b.

9. Write the first key code to FLKEY: 0xA5.

10. Write the second key code to FLKEY: 0xF1.

11. Using the MOVX instruction, write the second data byte to the next higher flash address ending in 
01b. 

12. Write the first key code to FLKEY: 0xA5.

13. Write the second key code to FLKEY: 0xF1.

14. Using the MOVX instruction, write the third data byte to the next higher flash address ending in 10b. 

15. Write the first key code to FLKEY: 0xA5.

16. Write the second key code to FLKEY: 0xF1.

17. Using the MOVX instruction, write the final data byte to the next higher flash address ending in 11b. 

18. Clear the PSWE bit.

19. Clear the CHBLKW bit.

20. Restore previous interrupt state.

Steps 5–17 must be repeated for each flash block to be written. 

Notes:
1. Flash security settings may prevent writes to some areas of flash, such as the reserved area. For a summary of 

flash security settings and restrictions affecting flash write operations, please see Section “18.3. Security 
Options” on page 247.

2. 8-bit MOVX instructions cannot be used to erase or write to flash memory at addresses higher than 0x00FF.
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SFR Page = All Pages; SFR Address = 0x87

19.9.  Power Management Specifications
See Table 4.7 on page 69 for detailed Power Management Specifications.

SFR Definition 19.7. PCON: Power Management Control Register

Bit 7 6 5 4 3 2 1 0

Name GF[4:0] PWRSEL STOP IDLE

Type R/W R/W W W

Reset 0 0 0 0 0 0 0 0

Bit Name Description Write Read

7:3 GF[5:0] General Purpose Flags Sets the logic value. Returns the logic value.

2 PWRSEL Power Select 0: VBAT is selected as the input to VREG0.
1: VDC is selected as the input to VREG0.

1 STOP Stop Mode Select Writing 1 places the 
device in Stop Mode.

N/A

0 IDLE Idle Mode Select Writing 1 places the 
device in Idle Mode.

N/A
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SmaRTClock Addresses: CAPTURE0 = 0x00; CAPTURE1 = 0x01; CAPTURE2 =0x02; CAPTURE3: 0x03.

SmaRTClock Address: ALARM0B0 = 0x08; ALARM0B1 = 0x09; ALARM0B2 = 0x0A; ALARM0B3 = 0x0B

Internal Register Definition 24.8. CAPTUREn: SmaRTClock Timer Capture

Bit 7 6 5 4 3 2 1 0

Name CAPTURE[31:0]

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 CAPTURE[31:0] SmaRTClock Timer Capture. 

These 4 registers (CAPTURE3–CAPTURE0) are used to read or set the 32-bit 
SmaRTClock timer. Data is transferred to or from the SmaRTClock timer when 
the RTC0SET or RTC0CAP bits are set.

Note: The least significant bit of the timer capture value is CAPTURE0.0.

Internal Register Definition 24.9. ALARM0Bn: SmaRTClock Alarm 0 Match Value

Bit 7 6 5 4 3 2 1 0

Name ALARM0[31:0]

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 ALARM0[31:0] SmaRTClock Alarm 0 Programmed Value. 

These 4 registers (ALARM0B3–ALARM0B0) are used to set an alarm event for the 
SmaRTClock timer. The SmaRTClock alarm should be disabled (ALRM0EN=0) 
when updating these registers.

Note: The least significant bit of the alarm programmed value is ALARM0B0.0.
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25.1.  Counting Modes
The Pulse Counter supports three different counting modes: single counter mode, dual counter mode, and 
quadrature counter mode. Figure 25.2 illustrates the three counter modes.

Figure 25.2. Mode Examples

The single counter mode uses only one Pulse Counter pin PC0 (P1.0) to count pulses from a single input 
channel. This mode uses only counter 0 and comparator. (Counter 1 and comparator 1 are not used.) The 
single counter mode supports only one meter-encoder with a single-channel output. A single-channel 
encoder is an effective solution when the metered fluid flows only in one direction. A single-channel 
encoder does not provide any direction information and does not support bidirectional fluid metering. 

The dual counter mode supports two independent single-channel meters. Each meter has its own indepen-
dent counter and comparator. Some of the global configuration settings apply to both channels, such as 
pull-up current, sampling rate, and debounce time. The dual mode may also be used for a redundant count 
using a two-channel non-quadrature encoder.

Quadrature counter mode supports a single two-channel quadrature meter encoder. The quadrature 
counter mode supports bidirectional encoders and applications with bidirectional fluid flow. In quadrature 
counter mode, clock-wise counts will increment counter 0, while counter clock-wise counts will increment 
counter 1. Subtracting counter 1 from counter 0 will yield the net position. If the normal fluid flow is clock-

Quadrature Counter Mode Example

PC1

PC0

clockwise counter-clockwise clockwise

Single Counter Mode Example

PC0

Dual Counter Mode Example

PC1

PC0
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SFR Page = 0x2; SFR Address = 0xAB

SFR Definition 26.4. LCD0MSCN: LCD0 Master Control

Bit 7 6 5 4 3 2 1 0

Name BIASEN DCBIASOE CLKOE LOWDRV LCDRST LCDEN

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

Reset 0 0 1 0 0 0 0 0

Bit Name Function

7 Reserved Read = 0b. Must write 0b.

6 BIASEN LCD0 Bias Enable.

LCD0 bias may be disabled when using a static LCD (single backplane), contrast 
control mode 1 (Bypass Mode) is selected, and the VLCD/VIO Supply Comparator 
is disabled (LCD0CF.5 = 1). It is required for all other modes.
0: LCD0 Bias is disabled.
1: LCD0 Bias is enabled

5 DCBIASOE DCDC Converter Bias Output Enable. (Note 1)

0: The bias for the DCDC converter is gated off.
1: LCD0 provides the bias for the DCDC converter.

4 CLKOE LCD Clock Output Enable.

0: The clock signal to the LCD0 module is gated off.
1: The SmaRTClock provides the undivided clock to the LCD0 Module.

3 Reserved Read = 0b. Must write 0b.

2 LOWDRV Charge Pump Reduced Drive Mode.

This bit should be set to 1 in Contrast Control Mode 3 and Mode 4 for minimum 
power consumption. This bit may be set to 0 in these modes to support higher load 
current requirements.
0: The charge pump operates at full power.
1: The charge pump operates at reduced power.

1 LCDRST LCD0 Reset.

Writing a 1 to this bit will clear all the LCD0Dn registers to 0x00. This bit must be 
cleared by software.

0 LCDEN LCD0 Enable.
0: LCD0 is disabled.
1: LCD0 is enabled.

Note 1: To same bias generator is shared by the DCDC Converter and LCD0. 
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Figure 27.4. Crossbar Priority Decoder with Crystal Pins Skipped
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SFR Definition 28.1. SMB0CF: SMBus Clock/Configuration

Bit 7 6 5 4 3 2 1 0

Name ENSMB INH BUSY EXTHOLD SMBTOE SMBFTE SMBCS[1:0]

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 ENSMB SMBus Enable.

This bit enables the SMBus interface when set to 1. When enabled, the interface 
constantly monitors the SDA and SCL pins.

6 INH SMBus Slave Inhibit.

When this bit is set to logic 1, the SMBus does not generate an interrupt when slave 
events occur. This effectively removes the SMBus slave from the bus. Master Mode 
interrupts are not affected.

5 BUSY SMBus Busy Indicator.

This bit is set to logic 1 by hardware when a transfer is in progress. It is cleared to 
logic 0 when a STOP or free-timeout is sensed.

4 EXTHOLD SMBus Setup and Hold Time Extension Enable.

This bit controls the SDA setup and hold times according to Table 28.2.
0: SDA Extended Setup and Hold Times disabled.
1: SDA Extended Setup and Hold Times enabled.

3 SMBTOE SMBus SCL Timeout Detection Enable.

This bit enables SCL low timeout detection. If set to logic 1, the SMBus forces 
Timer 3 to reload while SCL is high and allows Timer 3 to count when SCL goes low. 
If Timer 3 is configured to Split Mode, only the High Byte of the timer is held in reload 
while SCL is high. Timer 3 should be programmed to generate interrupts at 25 ms, 
and the Timer 3 interrupt service routine should reset SMBus communication.

2 SMBFTE SMBus Free Timeout Detection Enable.

When this bit is set to logic 1, the bus will be considered free if SCL and SDA remain 
high for more than 10 SMBus clock source periods.

1:0 SMBCS[1:0] SMBus Clock Source Selection.

These two bits select the SMBus clock source, which is used to generate the SMBus 
bit rate. The selected device should be configured according to Equation 28.1.
00: Timer 0 Overflow
01: Timer 1 Overflow
10:Timer 2 High Byte Overflow
11: Timer 2 Low Byte Overflow
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Figure 28.7. Typical Slave Write Sequence

28.5.4. Read Sequence (Slave)

During a read sequence, an SMBus master reads data from a slave device. The slave in this transfer will 
be a receiver during the address byte, and a transmitter during all data bytes. When slave events are 
enabled (INH = 0), the interface enters Slave Receiver Mode (to receive the slave address) when a START 
followed by a slave address and direction bit (READ in this case) is received. If hardware ACK generation 
is disabled, upon entering Slave Receiver Mode, an interrupt is generated and the ACKRQ bit is set. The 
software must respond to the received slave address with an ACK, or ignore the received slave address 
with a NACK. If hardware ACK generation is enabled, the hardware will apply the ACK for a slave address 
which matches the criteria set up by SMB0ADR and SMB0ADM. The interrupt will occur after the ACK 
cycle.

If the received slave address is ignored (by software or hardware), slave interrupts will be inhibited until the 
next START is detected. If the received slave address is acknowledged, zero or more data bytes are trans-
mitted. If the received slave address is acknowledged, data should be written to SMB0DAT to be transmit-
ted. The interface enters Slave Transmitter Mode, and transmits one or more bytes of data. After each byte 
is transmitted, the master sends an acknowledge bit; if the acknowledge bit is an ACK, SMB0DAT should 
be written with the next data byte. If the acknowledge bit is a NACK, SMB0DAT should not be written to 
before SI is cleared (an error condition may be generated if SMB0DAT is written following a received 
NACK while in Slave Transmitter Mode). The interface exits Slave Transmitter Mode after receiving a 
STOP. Note that the interface will switch to Slave Receiver Mode if SMB0DAT is not written following a 
Slave Transmitter interrupt. Figure 28.8 shows a typical slave read sequence. Two transmitted data bytes 
are shown, though any number of bytes may be transmitted. All of the “data byte transferred” interrupts 
occur after the ACK cycle in this mode, regardless of whether hardware ACK generation is enabled.

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

Interrupts with Hardware ACK Disabled (EHACK = 0)

Interrupts with Hardware ACK Enabled (EHACK = 1)
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Table 29.1. Timer Settings for Standard Baud Rates 
Using The Internal 24.5 MHz Oscillator

Frequency: 24.5 MHz

Target 
Baud Rate 

(bps)

Baud Rate 
% Error

 Oscilla-
tor Divide 

Factor

Timer Clock 
Source

SCA1–SCA0
(pre-scale 

select)1

T1M1 Timer 1 
Reload 

Value (hex)

S
Y

S
C

L
K

 fr
o

m
 

In
te

rn
al

 O
sc

.

230400 –0.32% 106 SYSCLK XX2 1 0xCB

115200 –0.32% 212 SYSCLK XX 1 0x96

57600 0.15% 426 SYSCLK XX 1 0x2B

28800 –0.32% 848 SYSCLK/4 01 0 0x96

14400 0.15% 1704 SYSCLK/12 00 0 0xB9

9600 –0.32% 2544 SYSCLK/12 00 0 0x96

2400 –0.32% 10176 SYSCLK/48 10 0 0x96

1200 0.15% 20448 SYSCLK/48 10 0 0x2B

Notes:
1. SCA1–SCA0 and T1M bit definitions can be found in Section 32.1.
2. X = Don’t care.

Table 29.2. Timer Settings for Standard Baud Rates 
Using an External 22.1184 MHz Oscillator

Frequency: 22.1184 MHz

Target 
Baud Rate 

(bps)

Baud Rate 
% Error

 Oscilla-
tor Divide 

Factor

Timer Clock 
Source

SCA1–SCA0
(pre-scale 

select)1

T1M1 Timer 1 
Reload 

Value (hex)

S
Y

S
C

L
K

 fr
o

m
 

E
xt

er
na

l O
sc

.

230400 0.00% 96 SYSCLK XX2 1 0xD0

115200 0.00% 192 SYSCLK XX 1 0xA0

57600 0.00% 384 SYSCLK XX 1 0x40

28800 0.00% 768 SYSCLK / 12 00 0 0xE0

14400 0.00% 1536 SYSCLK / 12 00 0 0xC0

9600 0.00% 2304 SYSCLK / 12 00 0 0xA0

2400 0.00% 9216 SYSCLK / 48 10 0 0xA0

1200 0.00% 18432 SYSCLK / 48 10 0 0x40
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Figure 30.10. SPI Slave Timing (CKPHA = 0)

Figure 30.11. SPI Slave Timing (CKPHA = 1)
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Figure 33.10. PCA 16-Bit PWM Mode

33.4.  Watchdog Timer Mode
A programmable watchdog timer (WDT) function is available through the PCA Module 5. The WDT is used 
to generate a reset if the time between writes to the WDT update register (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 5 operates as a watchdog timer (WDT). The Mod-
ule 5 high byte is compared to the PCA counter high byte; the Module 5 low byte holds the offset to be 
used when WDT updates are performed. The Watchdog Timer is enabled on reset. Writes to some 
PCA registers are restricted while the Watchdog Timer is enabled. The WDT will generate a reset 
shortly after code begins execution. To avoid this reset, the WDT should be explicitly disabled (and option-
ally re-configured and re-enabled if it is used in the system).

33.4.1. 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 5 is forced into software timer mode.

 Writes to the Module 5 mode register (PCA0CPM5) 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 PCA0CPH5 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 PCA0CPH5. Upon a PCA0CPH5 write, PCA0H plus the offset held in PCA0CPL5 is 
loaded into PCA0CPH5. (See Figure 33.11.)
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