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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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Figure 4.5.  LQFP-32 Pinout Diagram 
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Figure 5.7.  ADC0CN: ADC Control Register (C8051F00x) 
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value 

ADCEN ADCTM ADCINT ADBUSY ADSTM1 ADSTM0 ADWINT ADLJST 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xE8 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: ADCEN: ADC Enable Bit 
0:  ADC Disabled.  ADC is in low power shutdown. 
1:  ADC Enabled.  ADC is active and ready for data conversions. 

Bit6: ADCTM: ADC Track Mode Bit  
0:  When the ADC is enabled, tracking is always done unless a conversion is in process 
1:  Tracking Defined by ADSTM1-0 bits  
 ADSTM1-0: 
 00:  Tracking starts with the write of 1 to ADBUSY and lasts for 3 SAR clocks 
 01:  Tracking started by the overflow of Timer 3 and last for 3 SAR clocks 
 10:  ADC tracks only when CNVSTR input is logic low 
 11:  Tracking started by the overflow of Timer 2 and last for 3 SAR clocks 

Bit5: ADCINT: ADC Conversion Complete Interrupt Flag 
 (Must be cleared by software) 
 0:  ADC has not completed a data conversion since the last time this flag was cleared 

1:  ADC has completed a data conversion 
Bit4: ADBUSY: ADC Busy Bit 
 Read 

0:  ADC Conversion complete or no valid data has been converted since a reset.  The falling 
edge of ADBUSY generates an interrupt when enabled. 

1:  ADC Busy converting data  
Write 
0:  No effect  
1:  Starts ADC Conversion if ADSTM1-0 = 00b 

Bits3-2: ADSTM1-0: ADC Start of Conversion Mode Bits 
00:  ADC conversion started upon every write of 1 to ADBUSY 
01:  ADC conversions taken on every overflow of Timer 3 
10:  ADC conversion started upon every rising edge of CNVSTR 
11:  ADC conversions taken on every overflow of Timer 2 

Bit1: ADWINT: ADC Window Compare Interrupt Flag  
(Must be cleared by software) 

 0:  ADC Window Comparison Data match has not occurred 
 1:  ADC Window Comparison Data match occurred 
Bit0: ADLJST: ADC Left Justify Data Bit 
 0:  Data in ADC0H:ADC0L Registers is right justified 
 1:  Data in ADC0H:ADC0L Registers is left justified 
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Figure 6.5.  AMX0SL: AMUX Channel Select Register (C8051F01x) 

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

- - - - AMXAD3 AMXAD2 AMXAD1 AMXAD0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xBB 

 
 
 
 

 
 

 AMXAD3-0 
 0000 0001 0010 0011 0100 0101 0110 0111 1xxx 

0000 AIN0 AIN1 AIN2 AIN3 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0001 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0010 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0011 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0100 AIN0 AIN1 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

0101 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

0110 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

0111 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

1000 AIN0 AIN1 AIN2 AIN3 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1001 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1010 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1011 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1100 AIN0 AIN1 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1101 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1110 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1111 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

 

Bits7-4: UNUSED.  Read = 0000b; Write = don’t care 
Bits3-0: AMXAD3-0: AMUX Address Bits 

0000-1111:  ADC Inputs selected per chart below 
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Figure 6.7.  ADC0CN: ADC Control Register (C8051F01x) 
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value 

ADCEN ADCTM ADCINT ADBUSY ADSTM1 ADSTM0 ADWINT ADLJST 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xE8 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: ADCEN: ADC Enable Bit 
0:  ADC Disabled.  ADC is in low power shutdown. 
1:  ADC Enabled.  ADC is active and ready for data conversions. 

Bit6: ADCTM: ADC Track Mode Bit  
0:  When the ADC is enabled, tracking is always done unless a conversion is in process 
1:  Tracking Defined by ADSTM1-0 bits  
 ADSTM1-0: 
 00:  Tracking starts with the write of 1 to ADBUSY and lasts for 3 SAR clocks 
 01:  Tracking started by the overflow of Timer 3 and last for 3 SAR clocks 
 10:  ADC tracks only when CNVSTR input is logic low 
 11:  Tracking started by the overflow of Timer 2 and last for 3 SAR clocks 

Bit5: ADCINT: ADC Conversion Complete Interrupt Flag 
 (Must be cleared by software) 
 0:  ADC has not completed a data conversion since the last time this flag was cleared 

1:  ADC has completed a data conversion 
Bit4: ADBUSY: ADC Busy Bit 
 Read 

0:  ADC Conversion complete or no valid data has been converted since a reset.  The falling 
edge of ADBUSY generates an interrupt when enabled. 

1:  ADC Busy converting data  
Write 
0:  No effect  
1:  Starts ADC Conversion if ADSTM1-0 = 00b 

Bits3-2: ADSTM1-0: ADC Start of Conversion Mode Bits 
00:  ADC conversion started upon every write of 1 to ADBUSY 
01:  ADC conversions taken on every overflow of Timer 3 
10:  ADC conversion started upon every rising edge of CNVSTR 
11:  ADC conversions taken on every overflow of Timer 2 

Bit1: ADWINT: ADC Window Compare Interrupt Flag 
 (Must be cleared by software) 
 0:  ADC Window Comparison Data match has not occurred 
 1:  ADC Window Comparison Data match occurred 
Bit0: ADLJST: ADC Left Justify Data Bit 
 0:  Data in ADC0H:ADC0L Registers is right justified 
 1:  Data in ADC0H:ADC0L Registers is left justified 
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Figure 8.2.  Comparator Hysteresis Plot 
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Figure 8.4.  CPT1CN: Comparator 1 Control Register 

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

CP1EN CP1OUT CP1RIF CP1FIF CP1HYP1 CP1HYP0 CP1HYN1 CP1HYN0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0x9F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: CP1EN: Comparator 1 Enable Bit 
0:  Comparator 1 Disabled.   
1:  Comparator 1 Enabled. 

Bit6: CP1OUT: Comparator 1 Output State Flag 
0:  Voltage on CP1+ < CP1-   
1:  Voltage on CP1+ > CP1- 

Bit5: CP1RIF: Comparator 1 Rising-Edge Interrupt Flag 
0:  No Comparator 1 Rising-Edge Interrupt has occurred since this flag was cleared 

 1:  Comparator 1 Rising-Edge Interrupt has occurred since this flag was cleared 
Bit4: CP1FIF: Comparator 1 Falling-Edge Interrupt Flag 

0:  No Comparator 1 Falling-Edge Interrupt has occurred since this flag was cleared 
 1:  Comparator 1 Falling-Edge Interrupt has occurred since this flag was cleared 
Bit3-2:   CP1HYP1-0: Comparator 1 Positive Hysteresis Control Bits 

00:  Positive Hysteresis Disabled 
01:  Positive Hysteresis = 2mV 
10:  Positive Hysteresis = 4mV 
11:  Positive Hysteresis = 10mV 

Bit1-0:   CP1HYN1-0: Comparator 1 Negative Hysteresis Control Bits 
00:  Negative Hysteresis Disabled 
01:  Negative Hysteresis = 2mV 
10:  Negative Hysteresis = 4mV 
11:  Negative Hysteresis = 10mV 
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Table 8.1.  Comparator Electrical Characteristics 

VDD = 3.0V, AV+ = 3.0V, -40C to +85C unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Response Time1 (CP+) – (CP-) = 100mV (Note 1)  4  s 
Response Time2 (CP+) – (CP-) = 10mV (Note 1)  12  s 
Common Mode Rejection 
Ratio 

  1.5 4 mV/V 

Positive Hysteresis1 CPnHYP1-0 = 00  0 1 mV 
Positive Hysteresis2 CPnHYP1-0 = 01 2 4.5 7 mV 
Positive Hysteresis3 CPnHYP1-0 = 10 4 9 13 mV 
Positive Hysteresis4 CPnHYP1-0 = 11 10 17 25 mV 
Negative Hysteresis1 CPnHYN1-0 = 00  0 1 mV 
Negative Hysteresis2 CPnHYN1-0 = 01 2 4.5 7 mV 
Negative Hysteresis3 CPnHYN1-0 = 10 4 9 13 mV 
Negative Hysteresis4 CPnHYN1-0 = 11 10 17 25 mV 
Inverting or Non-inverting 
Input Voltage Range 

 -0.25  (AV+)  
+ 0.25 

V 

Input Capacitance   7  pF 
Input Bias Current  -5 0.001 +5 nA 
Input Offset Voltage  -10  +10 mV 
POWER SUPPLY 
Power-up Time CPnEN from 0 to 1  20  s 
Power Supply Rejection    0.1 1 mV/V 
Supply Current Operating Mode (each comparator) at DC  1.5 10 A 
 
Note 1:  CPnHYP1-0 = CPnHYN1-0 = 00. 
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Figure 10.13.  EIP1: Extended Interrupt Priority 1 

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

PCP1R PCP1F PCP0R PCP0F PPCA0 PWADC0 PSMB0 PSPI0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xF6 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: PCP1R: Comparator 1 (CP1) Rising Interrupt Priority Control.   
This bit sets the priority of the CP1 interrupt.     

 0:  CP1 rising interrupt set to low priority level. 
1:  CP1 rising interrupt set to high priority level. 

 
Bit6: PCP1F: Comparator 1 (CP1) Falling Interrupt Priority Control.   

This bit sets the priority of the CP1 interrupt.     
 0:  CP1 falling interrupt set to low priority level. 

1:  CP1 falling interrupt set to high priority level. 
 
Bit5: PCP0R: Comparator 0 (CP0) Rising Interrupt Priority Control.   

This bit sets the priority of the CP0 interrupt.     
 0:  CP0 rising interrupt set to low priority level. 

1:  CP0 rising interrupt set to high priority level. 
 
Bit4: PCP0F: Comparator 0 (CP0) Falling Interrupt Priority Control.   

This bit sets the priority of the CP0 interrupt.     
 0:  CP0 falling interrupt set to low priority level. 

1:  CP0 falling interrupt set to high priority level. 
 
Bit3: PPCA0: Programmable Counter Array (PCA0) Interrupt Priority Control.   

This bit sets the priority of the PCA0 interrupt.     
 0:  PCA0 interrupt set to low priority level. 

1:  PCA0 interrupt set to high priority level. 
 
Bit2: PWADC0: ADC0 Window Comparator Interrupt Priority Control.  

This bit sets the priority of the ADC0 Window interrupt.     
 0:  ADC0 Window interrupt set to low priority level. 

1:  ADC0 Window interrupt set to high priority level. 
 
Bit1: PSMB0: SMBus 0 Interrupt Priority Control.   

This bit sets the priority of the SMBus interrupt.     
 0:  SMBus interrupt set to low priority level. 
 1:  SMBus interrupt set to high priority level. 
 
Bit0: PSPI0: Serial Peripheral Interface 0 Interrupt Priority Control.   

This bit sets the priority of the SPI0 interrupt.     
 0:  SPI0 interrupt set to low priority level. 
 1:  SPI0 interrupt set to high priority level. 
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If enabled, the Missing Clock Detector will cause an internal reset and thereby terminate the Stop mode.  The 
Missing Clock Detector should be disabled if the CPU is to be put to sleep for longer than the MCD timeout of 
100sec. 

 
  

Figure 10.15.  PCON: Power Control Register 

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

SMOD GF4 GF3 GF2 GF1 GF0 STOP IDLE 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0x87 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: SMOD: Serial Port Baud Rate Doubler Enable. 
0: Serial Port baud rate is that defined by Serial Port Mode in SCON. 
1: Serial Port baud rate is double that defined by Serial Port Mode in SCON. 

  
Bits6-2: GF4-GF0: General Purpose Flags 4-0.   

These are general purpose flags for use under software control. 
 
Bit1: STOP: Stop Mode Select. 

Setting this bit will place the CIP-51 in Stop mode.  This bit will always be read as 0. 
1:  Goes into power down mode.  (Turns off internal oscillator). 
 

Bit0: IDLE: Idle Mode Select. 
Setting this bit will place the CIP-51 in Idle mode.  This bit will always be read as 0. 
1:  Goes into idle mode.  (Shuts off clock to CPU, but clock to Timers, Interrupts, Serial 

Ports, and Analog Peripherals are still active.) 
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13.1. Power-on Reset 
The C8051F000 family incorporates a power supply monitor that holds the MCU in the reset state until VDD rises 
above the VRST level during power-up.  (See Figure 13.2 for timing diagram, and refer to Table 13.1 for the 
Electrical Characteristics of the power supply monitor circuit.)  The /RST pin is asserted (low) until the end of the 
100ms VDD Monitor timeout in order to allow the VDD supply to become stable. 
 
On exit from a power-on reset, the PORSF flag (RSTSRC.1) is set by hardware to logic 1.  All of the other reset 
flags in the RSTSRC Register are indeterminate.  PORSF is cleared by a reset from any other source.  Since all 
resets cause program execution to begin at the same location (0x0000), software can read the PORSF flag to 
determine if a power-up was the cause of reset.  The content of internal data memory should be assumed to be 
undefined after a power-on reset. 

 
13.2. Software Forced Reset 
Writing a 1 to the PORSF bit forces a Power-On Reset as described in Section 13.1. 
 

Figure 13.2.  VDD Monitor Timing Diagram 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13.3. Power-fail Reset 
When a power-down transition or power irregularity causes VDD to drop below VRST, the power supply monitor 
will drive the /RST pin low and return the CIP-51 to the reset state (see Figure 13.2).  When VDD returns to a level 
above VRST, the CIP-51 will leave the reset state in the same manner as that for the power-on reset.  Note that even 
though internal data memory contents are not altered by the power-fail reset, it is impossible to determine if VDD 
dropped below the level required for data retention.  If the PORSF flag is set, the data may no longer be valid. 
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14.1. External Crystal Example 
If a crystal or ceramic resonator were used to generate the system clock for the MCU, the circuit would be as shown 
in Figure 14.1, Option 1.  For an ECS-110.5-20-4 crystal, the resonate frequency is 11.0592MHz, the intrinsic 
capacitance is 7pF, and the ESR is 60.  The compensation capacitors should be 33pF each, and the PWB parasitic 
capacitance is estimated to be 2pF.  The appropriate External Oscillator Frequency Control value (XFCN) from the 
Crystal column in the table in Figure 14.3 (OSCXCN Register) should be 111b. 
 
Because the oscillator detect circuitry needs time to settle after the crystal oscillator is enabled, software should wait 
at least 1ms between enabling the crystal oscillator and polling the XTLVLD bit.  The recommend procedure is: 
1. Enable the external oscillator  
2. Wait at least 1 ms  
3. Poll for XTLVLD '0' ==> '1'  
4. Switch to the external oscillator  
 
Switching to the external oscillator before the crystal oscillator has stabilized could result in unpredictable behavior. 
 
NOTE: Crystal oscillator circuits are quite sensitive to PCB layout. The crystal should be placed as close as possible 
to the XTAL pins on the device, keeping the traces as short as possible and shielded with ground plane from any 
other traces which could introduce noise or interference. 
 
14.2. External RC Example 
If an external RC network were used to generate the system clock for the MCU, the circuit would be as shown in 
Figure 14.1, Option 2.  The capacitor must be no greater than 100pF, but using a very small capacitor will increase 
the frequency drift due to the PWB parasitic capacitance.  To determine the required External Oscillator Frequency 
Control value (XFCN) in the OSCXCN Register, first select the RC network value to produce the desired frequency 
of oscillation.  If the frequency desired is 100kHz, let R = 246k and C = 50pF: 

 
f = 1.23(103)/RC = 1.23(103) / [246 * 50] = 0.1MHz = 100kHz 
 
XFCN  log2(f/25kHz) 
XFCN  log2(100kHz/25kHz) = log2(4)  
XFCN  2, or code 010 
 

14.3. External Capacitor Example 
If an external capacitor were used to generate the system clock for the MCU, the circuit would be as shown in 
Figure 14.1, Option 3.  The capacitor must be no greater than 100pF, but using a very small capacitor will increase 
the frequency inaccuracy due to the PWB parasitic capacitance.  To determine the required External Oscillator 
Frequency Control value (XFCN) in the OSCXCN Register, select the capacitor to be used and find the frequency 
of oscillation from the equations below.  Assume AV+ = 3.0V and C = 50pF: 

 
f = KF / (C * VDD) = KF / (50 * 3) 
f = KF / 150 

  
If a frequency of roughly 90kHz is desired, select the K Factor from the table in Figure 14.3 as KF = 13: 

 
f = 13 /150 = 0.087MHz, or 87kHz 
 

Therefore, the XFCN value to use in this example is 011. 
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Figure 16.2 shows a typical SMBus configuration.  The SMBus interface will work at any voltage between 3.0V 
and 5.0V and different devices on the bus may operate at different voltage levels.  The SCL (serial clock) and SDA 
(serial data) lines are bi-directional.  They must be connected to a positive power supply voltage through a pull-up 
resistor or similar circuit.  When the bus is free, both lines are pulled high.  Every device connected to the bus must 
have an open-drain or open-collector output for both the SCL and SDA lines.  The maximum number of devices on 
the bus is limited only by the requirement that the rise and fall times on the bus will not exceed 300ns and 1000ns, 
respectively. 
 

Figure 16.2.  Typical SMBus Configuration 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
16.1. Supporting Documents 
It is assumed the reader is familiar with or has access to the following supporting documents: 

1. The I2C-bus and how to use it (including specifications), Philips Semiconductor. 
2. The I2C-Bus Specification -- Version 2.0, Philips Semiconductor. 
3. System Management Bus Specification -- Version 1.1, SBS Implementers Forum. 

 

VDD = 5V
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VDD = 3V VDD = 5V VDD = 3V
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Figure 16.4. SMB0CN: SMBus Control Register 

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

BUSY ENSMB STA STO SI AA FTE TOE 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xC0 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: BUSY: Busy Status Flag. 
 0: SMBus is free 
 1: SMBus is busy  
Bit6: ENSMB: SMBus Enable.   

This bit enables/disables the SMBus serial interface.  
0: SMBus disabled. 
1: SMBus enabled. 

Bit5: STA: SMBus Start Flag.   
 0: No START condition is transmitted. 
 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.)  If STA is set after one 
or more bytes have been transmitted or received and before a STOP is received, a repeated 
START condition is transmitted.  STO should be explicitly cleared before setting STA to 
logic 1. 

Bit4: STO: SMBus Stop Flag.   
0: No STOP condition is transmitted. 

 1: Setting STO to logic 1 causes a STOP condition to be transmitted.  When a STOP 
condition is received, hardware clears STO to logic 0.  If both STA and STO are set, a 
STOP condition is transmitted followed by a START condition.  In slave mode, setting the 
STO flag causes SMBus to behave as if a STOP condition was received.   

Bit3: SI: SMBus Serial Interrupt Flag.   
This bit is set by hardware when one of 27 possible SMBus states is entered.  (Status code 
0xF8 does not cause SI to be set.)  When the SI interrupt is enabled, setting this bit causes 
the CPU to vector to the SMBus interrupt service routine.  This bit is not automatically 
cleared by hardware and must be cleared by software. 

Bit2: AA: SMBus Assert Acknowledge Flag.   
 This bit defines the type of acknowledge returned during the acknowledge cycle on the 

SCL line. 
0: A “not acknowledge” (high level on SDA) is returned during the acknowledge cycle. 
1: An “acknowledge” (low level on SDA) is returned during the acknowledge cycle. 

Bit1: FTE: SMBus Free Timer Enable Bit 
 0:  No timeout when SCL is high 
 1:  Timeout when SCL high time exceeds limit specified by the SMB0CR value. 
Bit0: TOE: SMBus Timeout Enable Bit 
 0:  No timeout when SCL is low. 
 1:  Timeout when SCL low time exceeds limit specified by Timer 3, if enabled. 
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18.1. UART Operational Modes 
The UART provides four operating modes (one synchronous and three asynchronous) selected by setting 
configuration bits in the SCON register.  These four modes offer different baud rates and communication protocols.  
The four modes are summarized in Table 18.1 below.  Detailed descriptions follow. 

 

Table 18.1.  UART Modes 

Mode Synchronization Baud Clock Data Bits Start/Stop Bits 
0 Synchronous SYSCLK/12 8 None 
1 Asynchronous Timer 1 or Timer 2 Overflow 8 1 Start, 1 Stop 
2 Asynchronous SYSCLK/32 or SYSCLK/64 9 1 Start, 1 Stop 
3 Asynchronous Timer 1 or Timer 2 Overflow 9 1 Start, 1 Stop 

 

18.1.1. Mode 0: Synchronous Mode 
Mode 0 provides synchronous, half-duplex communication.  Serial data is transmitted and received on the RX pin.  
The TX pin provides the shift clock for both transmit and receive.  The MCU must be the master since it generates 
the shift clock for transmission in both directions (see the interconnect diagram in Figure 18.2).   
 
Eight data bits are transmitted/received, LSB first (see the timing diagram in Figure 18.3).  Data transmission begins 
when an instruction writes a data byte to the SBUF register.  The TI Transmit Interrupt Flag (SCON.1) is set at the 
end of the eighth bit time.  Data reception begins when the REN Receive Enable bit (SCON.4) is set to logic 1 and 
the RI Receive Interrupt Flag (SCON.0) is cleared.  One cycle after the eighth bit is shifted in, the RI flag is set and 
reception stops until software clears the RI bit.  An interrupt will occur if enabled when either TI or RI is set. 
 
The Mode 0 baud rate is the system clock frequency divided by twelve.  RX is forced to open-drain in mode 0, and 
an external pull-up will typically be required. 

Figure 18.2.  UART Mode 0 Interconnect 

 
 
 
 
 
 
 
 

Figure 18.3.  UART Mode 0 Timing Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 

18.1.2. Mode 1: 8-Bit UART, Variable Baud Rate 
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18.1.3. Mode 2: 9-Bit UART, Fixed Baud Rate 
Mode 2 provides asynchronous, full-duplex communication using a total of eleven bits per data byte: a start bit, 8 
data bits (LSB first), a programmable ninth data bit, and a stop bit (see timing diagram in Figure 18.6). On transmit, 
the ninth data bit is determined by the value in TB8 (SCON.3).  It can be assigned the value of the parity flag P in 
the PSW or used in multiprocessor communications.  On receive, the ninth data bit goes into RB8 (SCON.2) and the 
stop bit is ignored.  
 
Data transmission begins when an instruction writes a data byte to the SBUF register.  The TI Transmit Interrupt 
Flag (SCON.1) is set at the end of the transmission (the beginning of the stop-bit time).  Data reception can begin 
any time after the REN Receive Enable bit (SCON.4) is set to logic 1.  After the stop bit is received, the data byte 
will be loaded into the SBUF receive register if the following conditions are met: RI must be logic 0, and if SM2 is 
logic 1, the 9th bit must be logic 1. 
 
If these conditions are met, the eight bits of data are stored in SBUF, the ninth bit is stored in RB8 and the RI flag is 
set.  If these conditions are not met, SBUF and RB8 will not be loaded and the RI flag will not be set.  An interrupt 
will occur if enabled when either TI or RI are set. 
 
The baud rate in Mode 2 is a direct function of the system clock frequency as follows:   

 
Mode 2 Baud Rate = 2SMOD * (SYSCLK / 64). 

 
The SMOD bit (PCON.7) selects whether to divide SYSCLK by 32 or 64.  In the formula, 2 is raised to the power 
SMOD, resulting in a baud rate of either 1/32 or 1/64 of the system clock frequency.  On reset, the SMOD bit is 
logic 0, thus selecting the lower speed baud rate by default. 

Figure 18.6.  UART Modes 2 and 3 Timing Diagram 

 
 
 
 
 
 
 

18.1.4. Mode 3: 9-Bit UART, Variable Baud Rate 
Mode 3 is the same as Mode 2 in all respects except the baud rate is variable.  The baud rate is determined in the 
same manner as for Mode 1.   Mode 3 operation transmits 11 bits: a start bit, 8 data bits (LSB first), a programmable 
ninth data bit, and a stop bit.  Timer 1 or Timer 2 overflows generate the baud rate just as with Mode 1.  In 
summary, Mode 3 transmits using the same protocol as Mode 2 but with Mode 1 baud rate generation. 
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18.2. Multiprocessor Communications 
Modes 2 and 3 support 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 SM2 bit (SCON.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 one (RB8 = 1) signifying an address byte has been 
received.  In the UART’s 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 SM2 bit to enable interrupts on the reception 
of the following data byte(s).  Slaves that weren’t addressed leave their SM2 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 SM2 bit to ignore all transmissions 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). 
 

Figure 18.7.  UART Multi-Processor Mode Interconnect Diagram 
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19.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload 
Mode 2 configures Timer 0 and Timer 1 to operate as 8-bit counter/timers with automatic reload of the start value.  
The TL0 holds the count and TH0 holds the reload value.  When the count in TL0 overflows from all ones to 0x00, 
the timer overflow flag TF0 (TCON.5) is set and the counter in TL0 is reloaded from TH0.  If enabled, an interrupt 
will occur when the TF0 flag is set.  The reload value in TH0 is not changed.  TL0 must be initialized to the desired 
value before enabling the timer for the first count to be correct.  When in Mode 2, Timer 1 operates identically to 
Timer 0.  Both counter/timers are enabled and configured in Mode 2 in the same manner as Mode 0. 

Figure 19.2.  T0 Mode 2 Block Diagram 
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19.2.1. Mode 0: 16-bit Counter/Timer with Capture 
In this mode, Timer 2 operates as a 16-bit counter/timer with capture facility.  A high-to-low transition on the T2EX 
input pin causes the 16-bit value in Timer 2 (TH2, TL2) to be loaded into the capture registers (RCAP2H, 
RCAP2L).      
 
Timer 2 can use either SYSCLK, SYSCLK divided by 12, or high-to-low transitions on the external T2 pin as its 
clock source when operating in Counter/Timer with Capture mode.  Clearing the C/T2 bit (T2CON.1) selects the 
system clock as the input for the timer (divided by one or twelve as specified by the Timer Clock Select bit T2M in 
CKCON).  When C/T2 is set to logic 1, a high-to-low transition at the T2 input pin increments the counter/timer 
register.  As the 16-bit counter/timer register increments and overflows from 0xFFFF to 0x0000, the TF2 timer 
overflow flag (T2CON.7) is set and an interrupt will occur if the interrupt is enabled. 
 
Counter/Timer with Capture mode is selected by setting the Capture/Reload Select bit CP/RL2 (T2CON.0) and the 
Timer 2 Run Control bit TR2 (T2CON.2) to logic 1.  The Timer 2 External Enable EXEN2 (T2CON.3) must also be 
set to logic 1 to enable a capture.   If EXEN2 is cleared, transitions on T2EX will be ignored. 

Figure 19.11.  T2 Mode 0 Block Diagram 
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19.3. Timer 3 
Timer 3 is a 16-bit timer formed by the two 8-bit SFRs, TMR3L (low byte) and TMR3H (high byte).  The input for 
Timer 3 is the system clock (divided by either one or twelve as specified by the Timer 3 Clock Select bit T3M in the 
Timer 3 Control Register TMR3CN).  Timer 3 is always configured as an auto-reload timer, with the reload value 
held in the TMR3RLL (low byte) and TMR3RLH (high byte) registers.  Timer 3 can be used to start an ADC Data 
Conversion, for SMBus timing (see Section 16.5), or as a general-purpose timer.  Timer 3 does not have a counter 
mode. 
 

Figure 19.19.  Timer 3 Block Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19.20.  TMR3CN: Timer 3 Control Register 

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

TF3 - - - - TR3 T3M - 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0x91 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: TF3: Timer3 Overflow Flag. 
Set by hardware when Timer 3 overflows from 0xFFFF to 0x0000.  When the Timer 3 
interrupt is enabled, setting this bit causes the CPU to vector to the Timer 3 Interrupt 
service routine.  This bit is not automatically cleared by hardware and must be cleared by 
software.   

 
Bits6-3: UNUSED.  Read = 0000b, Write = don’t care. 
 
Bit2: TR3: Timer 3 Run Control.   

This bit enables/disables Timer 3.  
0: Timer 3 disabled. 
1: Timer 3 enabled. 

 
Bit1: T3M: Timer 3 Clock Select.   

This bit controls the division of the system clock supplied to Counter/Timer 3.   
 0:  Counter/Timer 3 uses the system clock divided by 12. 
 1:  Counter/Timer 3 uses the system clock. 
 
Bit0: UNUSED.  Read = 0, Write = don’t care. 
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20.1.1. Edge-triggered Capture Mode 
In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA counter/timer and 
load it into the corresponding module’s 16-bit capture/compare register (PCA0CPLn and PCA0CPHn).  The CAPPn 
and CAPNn bits in the PCA0CPMn register are used to select the type of transition that triggers the capture: low-to-
high transition (positive edge), high-to-low transition (negative edge), or either transition (positive or negative 
edge).  When a capture occurs, the Capture/Compare Flag (CCFn) in PCA0CN is set to logic 1 and an interrupt 
request is generated if CCF interrupts are enabled.  The CCFn bit is not automatically cleared by hardware when the 
CPU vectors to the interrupt service routine, and must be cleared by software.   

Figure 20.3.  PCA Capture Mode Diagram 
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