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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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ADC0 Burst Mode, 10-bit sin-
gle conversions, internal ref-
erence, Low power bias 
settings

IADC 200 ksps, VDD = 3.0 V — 490 — µA

100 ksps, VDD = 3.0 V — 245 — µA

10 ksps, VDD = 3.0 V — 23 — µA

ADC0 Burst Mode, 12-bit sin-
gle conversions, external ref-
erence

IADC 100 ksps, VDD = 3.0 V — 530 — µA

50 ksps, VDD = 3.0 V — 265 — µA

10 ksps, VDD = 3.0 V — 53 — µA

ADC0 Burst Mode, 12-bit sin-
gle conversions, internal ref-
erence

IADC 100 ksps, VDD = 3.0 V,
Normal bias

— 950 — µA

50 ksps, VDD = 3.0 V,
Low power bias

— 420 — µA

10 ksps, VDD = 3.0 V,
Low power bias

— 85 — µA

Internal ADC0 Reference, 
Always-on5

IIREF Normal Power Mode — 680 790 µA

Low Power Mode — 160 210 µA

Temperature Sensor ITSENSE — 75 120 µA

Comparator 0 (CMP0),
Comparator 1 (CMP1)

ICMP CPnMD = 11 — 0.5 — µA

CPnMD = 10 — 3 — µA

CPnMD = 01 — 10 — µA

CPnMD = 00 — 25 — µA

Voltage Supply Monitor 
(VMON0)

IVMON — 15 20 µA

Table 1.2. Power Consumption (Continued)

Parameter Symbol Test Condition Min Typ Max Unit

Notes:
1. Currents are additive. For example, where IDD is specified and the mode is not mutually exclusive, enabling the 

functions increases supply current by the specified amount.
2. Includes supply current from internal regulator, supply monitor, and High Frequency Oscillator.
3. Includes supply current from internal regulator, supply monitor, and Low Frequency Oscillator.
4. ADC0 always-on power excludes internal reference supply current.
5. The internal reference is enabled as-needed when operating the ADC in burst mode to save power.
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Table 1.11. Port I/O

Parameter Symbol Test Condition Min Typ Max Unit

Output High Voltage (High Drive) VOH IOH = –3 mA VDD – 0.7 — — V

Output Low Voltage (High Drive) VOL IOL = 8.5 mA — — 0.6 V

Output High Voltage (Low Drive) VOH IOH = –1 mA VDD – 0.7 — — V

Output Low Voltage (Low Drive) VOL IOL = 1.4 mA — — 0.6 V

Input High Voltage VIH VDD – 0.6 — — V

Input Low Voltage VIL — — 0.6 V

Pin Capacitance CIO — 7 — pF

Weak Pull-Up Current
(VIN = 0 V)

IPU VDD = 3.6 –30 –20 –10 µA

Input Leakage 
(Pullups off or Analog)

ILK GND < VIN < VDD –1.1 — 1.1 µA

Input Leakage Current with VIN 
above VDD

ILK VDD < VIN < VDD+2.0 V 0 5 150 µA
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2.6.  Analog Peripherals
2.6.1. 12-Bit Analog-to-Digital Converter (ADC0)

The ADC0 module on C8051F85x/86x devices is a Successive Approximation Register (SAR) Analog to 
Digital Converter (ADC). The key features of the ADC module are:

Single-ended 12-bit and 10-bit modes.

Supports an output update rate of 200 ksps samples per second in 12-bit mode or 800 ksps 
samples per second in 10-bit mode.

Operation in low power modes at lower conversion speeds.

Selectable asynchronous hardware conversion trigger.

Output data window comparator allows automatic range checking.

Support for Burst Mode, which produces one set of accumulated data per conversion-start trigger 
with programmable power-on settling and tracking time.

Conversion complete and window compare interrupts supported.

Flexible output data formatting.

Includes an internal fast-settling reference with two levels (1.65 V and 2.4 V) and support for 
external reference and signal ground.

2.6.2. Low Current Comparators (CMP0, CMP1)

The comparators take two analog input voltages and output the relationship between these voltages (less 
than or greater than) as a digital signal. The Low Power Comparator module includes the following 
features:

Multiple sources for the positive and negative poles, including VDD, VREF, and I/O pins.

Two outputs are available: a digital synchronous latched output and a digital asynchronous raw 
output.

Programmable hysteresis and response time.

Falling or rising edge interrupt options on the comparator output.

Provide “kill” signal to PCA module.

Comparator 0 can be used to reset the device.
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Table 4.1. Product Selection Guide
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C8051F850-C-GM 8 512 16 15 15   -40 to 85 °C QFN-20

C8051F850-C-GU 8 512 18 16 16   -40 to 85 °C QSOP-24

C8051F851-C-GM 4 512 16 15 15   -40 to 85 °C QFN-20

C8051F851-C-GU 4 512 18 16 16   -40 to 85 °C QSOP-24

C8051F852-C-GM 2 256 16 15 15   -40 to 85 °C QFN-20

C8051F852-C-GU 2 256 18 16 16   -40 to 85 °C QSOP-24

C8051F853-C-GM 8 512 16 — 15   -40 to 85 °C QFN-20

C8051F853-C-GU 8 512 18 — 16   -40 to 85 °C QSOP-24

C8051F854-C-GM 4 512 16 — 15   -40 to 85 °C QFN-20

C8051F854-C-GU 4 512 18 — 16   -40 to 85 °C QSOP-24

C8051F855-C-GM 2 256 16 — 15   -40 to 85 °C QFN-20

C8051F855-C-GU 2 256 18 — 16   -40 to 85 °C QSOP-24

C8051F860-C-GS 8 512 13 12 12   -40 to 85 °C SOIC-16

C8051F861-C-GS 4 512 13 12 12   -40 to 85 °C SOIC-16

C8051F862-C-GS 2 256 13 12 12   -40 to 85 °C SOIC-16

C8051F863-C-GS 8 512 13 — 12   -40 to 85 °C SOIC-16

C8051F864-C-GS 4 512 13 — 12   -40 to 85 °C SOIC-16

C8051F865-C-GS 2 256 13 — 12   -40 to 85 °C SOIC-16
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8.  Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are 
two separate memory spaces: program memory and data memory. Program and data memory share the 
same address space but are accessed via different instruction types. The memory organization of the 
C8051F85x/86x device family is shown in Figure 8.1.

Figure 8.1. C8051F85x/86x Memory Map (8 kB flash version shown)

PROGRAM/DATA MEMORY 
(FLASH)

(Direct and Indirect Addressing)

0x00

0x7F

Upper 128 RAM 
(Indirect Addressing 

Only)0x80

0xFF Special Function 
Registers 

(Direct Addressing Only)

DATA MEMORY (RAM)

 32 General Purpose Registers
0x1F
0x20

0x2F
32 Bit-Addressable Bytes

Lower 128 RAM 
(Direct and Indirect 
Addressing)

0x30

INTERNAL DATA  ADDRESS SPACE

EXTERNAL DATA ADDRESS SPACE

XRAM - 256 Bytes
(accessable using MOVX instruction)

0x0000

0x00FF

Same 256 bytes as 0x0000 to 0x00FF,
wrapped on 256-byte boundaries

0x0100

0xFFFF

8 kB FLASH

(In-System 
Programmable in 512 

Byte Sectors)

0x0000

0x1FFF
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The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the 
same address space as the Special Function Registers (SFR) but is physically separate from the SFR 
space. The addressing mode used by an instruction when accessing locations above 0x7F determines 
whether the CPU accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use 
direct addressing will access the SFR space. Instructions using indirect addressing above 0x7F access the 
upper 128 bytes of data memory. Figure 8.1 illustrates the data memory organization of the C8051F85x/
86x. 

Revision C C8051F852/5 and C8051F862/5 devices implement the upper four bytes of internal RAM as a 
32-bit Unique Identifier. More information can be found in “Device Identification and Unique Identifier” on 
page 68.

8.2.1.1.  General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through 0x1F, may be addressed as four banks of 
general-purpose registers. Each bank consists of eight byte-wide registers designated R0 through R7. 
Only one of these banks may be enabled at a time. Two bits in the program status word (PSW) register, 
RS0 and RS1, select the active register bank. This allows fast context switching when entering subroutines 
and interrupt service routines. Indirect addressing modes use registers R0 and R1 as index registers.

8.2.1.2.  Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at 0x20 
through 0x2F are also accessible as 128 individually addressable bits. Each bit has a bit address from 
0x00 to 0x7F. Bit 0 of the byte at 0x20 has bit address 0x00 while bit7 of the byte at 0x20 has bit address 
0x07. Bit 7 of the byte at 0x2F has bit address 0x7F. A bit access is distinguished from a full byte access by 
the type of instruction used (bit source or destination operands as opposed to a byte source or 
destination). 

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where 
XX is the byte address and B is the bit position within the byte. For example, the instruction:

MOV C, 22.3h 
moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the Carry flag.

8.2.1.3.  Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is 
designated using the Stack Pointer (SP) SFR. The SP will point to the last location used. The next value 
pushed on the stack is placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to 
location 0x07. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the 
first register (R0) of register bank 1. Thus, if more than one register bank is to be used, the SP should be 
initialized to a location in the data memory not being used for data storage. The stack depth can extend up 
to 256 bytes.

8.2.2. External RAM

On devices with 512 bytes total RAM, there are 256 bytes of on-chip RAM mapped into the external data 
memory space. All of these address locations may be accessed using the external move instruction 
(MOVX) and the data pointer (DPTR), or using MOVX indirect addressing mode. Note: The 16-bit MOVX 
instruction is also used for writes to the flash memory. See Section “10. Flash Memory” on page 61 for 
details. The MOVX instruction accesses XRAM by default.

For a 16-bit MOVX operation (@DPTR), the upper 8 bits of the 16-bit external data memory address word 
are "don't cares". As a result, addresses 0x0000 through 0x00FF are mapped modulo style over the entire 
64 k external data memory address range. For example, the XRAM byte at address 0x0000 is shadowed 
at addresses 0x0100, 0x0200, 0x0300, 0x0400, etc.

Revision C C8051F850/1/3/4 and C8051F860/1/3/4 devices implement the upper four bytes of external 
RAM as a 32-bit Unique Identifier. More information can be found in “Device Identification and Unique 
Identifier” on page 68.
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page.

8.  Clear the PSWE bit.

Steps 5–7 must be repeated for each byte to be written. After flash writes are complete, PSWE should be 
cleared so that MOVX instructions do not target program memory.

10.3.  Non-Volatile Data Storage
The flash memory can be used for non-volatile data storage as well as program code. This allows data 
such as calibration coefficients to be calculated and stored at run time. Data is written using the MOVX 
write instruction and read using the MOVC instruction. Note: MOVX read instructions always target XRAM.

10.4.  Flash Write and Erase Guidelines
Any system which contains routines which write or erase flash memory from software involves some risk 
that the write or erase routines will execute unintentionally if the CPU is operating outside its specified 
operating range of supply voltage, system clock frequency or temperature. This accidental execution of 
flash modifying code can result in alteration of flash memory contents causing a system failure that is only 
recoverable by re-flashing the code in the device. 

To help prevent the accidental modification of flash by firmware, hardware restricts flash writes and 
erasures when the supply monitor is not active and selected as a reset source. As the monitor is enabled 
and selected as a reset source by default, it is recommended that systems writing or erasing flash simply 
maintain the default state.

The following guidelines are recommended for any system which contains routines which write or erase 
flash from code.

10.4.1. Voltage Supply Maintenance and the Supply Monitor

1.  If the system power supply is subject to voltage or current "spikes," add sufficient transient 
protection devices to the power supply to ensure that the supply voltages listed in the Absolute 
Maximum Ratings table are not exceeded.

2.  Make certain that the minimum supply rise time specification is met. If the system cannot meet this 
rise time specification, then add an external supply brownout circuit to the RST pin of the device 
that holds the device in reset until the voltage supply reaches the lower limit, and re-asserts RST if 
the supply drops below the low supply limit.

3.  Do not disable the supply monitor. If the supply monitor must be disabled in the system, firmware 
should be added to the startup routine to enable the on-chip supply monitor and enable the supply 
monitor as a reset source as early in code as possible. This should be the first set of instructions 
executed after the reset vector. For C-based systems, this may involve modifying the startup code 
added by the C compiler. See your compiler documentation for more details. Make certain that 
there are no delays in software between enabling the supply monitor and enabling the supply 
monitor as a reset source. Code examples showing this can be found in “AN201: Writing to Flash 
From Firmware", available from the Silicon Laboratories web site. Note that the supply monitor 
must be enabled and enabled as a reset source when writing or erasing flash memory. A 
flash error reset will occur if either condition is not met.

4.  As an added precaution if the supply monitor is ever disabled, explicitly enable the supply monitor 
and enable the supply monitor as a reset source inside the functions that write and erase flash 
memory. The supply monitor enable instructions should be placed just after the instruction to set 
PSWE to a 1, but before the flash write or erase operation instruction.

5.  Make certain that all writes to the RSTSRC (Reset Sources) register use direct assignment 
operators and explicitly DO NOT use the bit-wise operators (such as AND or OR). For example, 
"RSTSRC = 0x02" is correct. "RSTSRC |= 0x02" is incorrect.

6.  Make certain that all writes to the RSTSRC register explicitly set the PORSF bit to a '1'. Areas to 
check are initialization code which enables other reset sources, such as the Missing Clock 



 

Rev. 1.0 75

12.2.  Interrupt Control Registers

Register 12.1. IE: Interrupt Enable

Bit 7 6 5 4 3 2 1 0

Name EA ESPI0 ET2 ES0 ET1 EX1 ET0 EX0

Type RW RW RW RW RW RW RW RW

Reset 0 0 0 0 0 0 0 0

SFR Address: 0xA8 (bit-addressable)

Table 12.2. IE Register Bit Descriptions

Bit Name Function

7 EA Enable All Interrupts.

Globally enables/disables all interrupts and overrides individual interrupt mask settings.
0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

6 ESPI0 Enable SPI0 Interrupt.

This bit sets the masking of the SPI0 interrupts.
0: Disable all SPI0 interrupts.
1: Enable interrupt requests generated by SPI0.

5 ET2 Enable Timer 2 Interrupt.

This bit sets the masking of the Timer 2 interrupt.
0: Disable Timer 2 interrupt.
1: Enable interrupt requests generated by the TF2L or TF2H flags.

4 ES0 Enable UART0 Interrupt.

This bit sets the masking of the UART0 interrupt.
0: Disable UART0 interrupt.
1: Enable UART0 interrupt.

3 ET1 Enable Timer 1 Interrupt.

This bit sets the masking of the Timer 1 interrupt.
0: Disable all Timer 1 interrupt.
1: Enable interrupt requests generated by the TF1 flag.

2 EX1 Enable External Interrupt 1.

This bit sets the masking of External Interrupt 1.
0: Disable external interrupt 1.
1: Enable interrupt requests generated by the INT1 input.

1 ET0 Enable Timer 0 Interrupt.

This bit sets the masking of the Timer 0 interrupt.
0: Disable all Timer 0 interrupt.
1: Enable interrupt requests generated by the TF0 flag.
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Register 14.6. ADC0TK: ADC0 Burst Mode Track Time

Bit 7 6 5 4 3 2 1 0

Name AD12SM Reserved ADTK

Type RW RW RW

Reset 0 0 0 1 1 1 1 0

SFR Address: 0xB9

Table 14.9. ADC0TK Register Bit Descriptions

Bit Name Function

7 AD12SM 12-Bit Sampling Mode.

This bit controls the way that the ADC samples the input when in 12-bit mode. When the 
ADC is configured for multiple 12-bit conversions in burst mode, the AD12SM bit should 
be cleared to 0.
0: The ADC will re-track and sample the input four times during a 12-bit conversion.
1: The ADC will sample the input once at the beginning of each 12-bit conversion. The 
ADTK field can be set to 63 to maximize throughput.

6 Reserved Must write reset value.

5:0 ADTK Burst Mode Tracking Time.

This field sets the time delay between consecutive conversions performed in Burst 
Mode. When ADTM is set, an additional 4 SARCLKs are added to this time.

The Burst Mode track delay is not inserted prior to the first conversion. The required 
tracking time for the first conversion should be defined with the ADPWR field.

TBMTK
64 ADTK–

FHFOSC
----------------------------=
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19.  External Interrupts (INT0 and INT1)

The C8051F85x/86x device family includes two external digital interrupt sources (INT0 and INT1), with 
dedicated interrupt sources (up to 16 additional I/O interrupts are available through the port match 
function). As is the case on a standard 8051 architecture, certain controls for these two interrupt sources 
are available in the Timer0/1 registers. Extensions to these controls which provide additional functionality 
on C8051F85x/86x devices are available in the IT01CF register. INT0 and INT1 are configurable as active 
high or low, edge- or level-sensitive. The IN0PL and IN1PL bits in the IT01CF register select active high or 
active low; the IT0 and IT1 bits in TCON select level- or edge-sensitive. The table below lists the possible 
configurations.  

INT0 and INT1 are assigned to port pins as defined in the IT01CF register. Note that INT0 and INT1 port 
pin assignments are independent of any crossbar assignments. INT0 and INT1 will monitor their assigned 
port pins without disturbing the peripheral that was assigned the port pin via the crossbar. To assign a port 
pin only to INT0 and/or INT1, configure the crossbar to skip the selected pin(s).

IE0 and IE1 in the TCON register serve as the interrupt-pending flags for the INT0 and INT1 external 
interrupts, respectively. If an INT0 or INT1 external interrupt is configured as edge-sensitive, the 
corresponding interrupt-pending flag is automatically cleared by the hardware when the CPU vectors to the 
ISR. When configured as level sensitive, the interrupt-pending flag remains logic 1 while the input is active 
as defined by the corresponding polarity bit (IN0PL or IN1PL); the flag remains logic 0 while the input is 
inactive. The external interrupt source must hold the input active until the interrupt request is recognized. It 
must then deactivate the interrupt request before execution of the ISR completes or another interrupt 
request will be generated.

IT0 IN0PL INT0 Interrupt IT1 IN1PL INT1 Interrupt

1 0 Active low, edge-sensitive 1 0 Active low, edge-sensitive

1 1 Active high, edge-sensitive 1 1 Active high, edge-sensitive

0 0 Active low, level-sensitive 0 0 Active low, level-sensitive

0 1 Active high, level-sensitive 0 1 Active high, level-sensitive
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2:0 IN0SL INT0 Port Pin Selection Bits.

These bits select which Port pin is assigned to INT0. This pin assignment is independent 
of the Crossbar; INT0 will monitor the assigned Port pin without disturbing the peripheral 
that has been assigned the Port pin via the Crossbar. The Crossbar will not assign the 
Port pin to a peripheral if it is configured to skip the selected pin.
000: Select P0.0
001: Select P0.1
010: Select P0.2
011: Select P0.3
100: Select P0.4
101: Select P0.5
110: Select P0.6
111: Select P0.7

Table 19.1. IT01CF Register Bit Descriptions

Bit Name Function
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20.4.3.  8 to11-bit Pulse Width Modulator Modes

Each module can be used independently to generate a pulse width modulated (PWM) output on its 
associated CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer, 
and the setting of the PWM cycle length (8 through 11-bits). For backwards-compatibility with the 8-bit 
PWM mode available on other devices, the 8-bit PWM mode operates slightly different than 9 through 11-
bit PWM modes. It is important to note that all channels configured for 8 to 11-bit PWM mode will use the 
same cycle length. It is not possible to configure one channel for 8-bit PWM mode and another for 11-bit 
mode (for example). However, other PCA channels can be configured to Pin Capture, High-Speed Output, 
Software Timer, Frequency Output, or 16-bit PWM mode independently. Each channel configured for a 
PWM mode can be individually selected to operate in edge-aligned or center-aligned mode.

20.4.3.1.   8-bit Pulse Width Modulator Mode

In 8-bit PWM mode, the duty cycle is determined by the value of the low byte of the PCA0CPn register 
(PCA0CPLn). To adjust the duty cycle, PCA0CPLn should not normally be written directly. Instead, it is 
recommended to adjust the duty cycle using the high byte of the PCA0CPn register (register PCA0CPHn). 
This allows seamless updating of the PWM waveform, as PCA0CPLn is reloaded automatically with the 
value stored in PCA0CPHn during the overflow edge (in edge-aligned mode) or the up edge (in center-
aligned mode). 

Setting the ECOMn and PWMn bits in the PCA0CPMn register, and setting the CLSEL bits in register 
PCA0PWM to 00b enables 8-Bit Pulse Width Modulator mode. If the MATn bit is set to 1, the CCFn flag for 
the module will be set each time a match edge or up edge occurs. The COVF flag in PCA0PWM can be 
used to detect the overflow (falling edge), which will occur every 256 PCA clock cycles.

20.4.3.2.   9 to 11-bit Pulse Width Modulator Mode

In 9 to 11-bit PWM mode, the duty cycle is determined by the value of the least significant N bits of the 
PCA0CPn register, where N is the selected PWM resolution. 

To adjust the duty cycle, PCA0CPn should not normally be written directly. Instead, it is recommended to 
adjust the duty cycle by writing to an “Auto-Reload” register, which is dual-mapped into the PCA0CPHn 
and PCA0CPLn register locations. The data written to define the duty cycle should be right-justified in the 
registers. The auto-reload registers are accessed (read or written) when the bit ARSEL in PCA0PWM is 
set to 1. The capture/compare registers are accessed when ARSEL is set to 0. This allows seamless 
updating of the PWM waveform, as the PCA0CPn register is reloaded automatically with the value stored 
in the auto-reload registers during the overflow edge (in edge-aligned mode) or the up edge (in center-
aligned mode). 

Setting the ECOMn and PWMn bits in the PCA0CPMn register, and setting the CLSEL bits in register 
PCA0PWM to 00b enables 8-Bit Pulse Width Modulator mode. If the MATn bit is set to 1, the CCFn flag for 
the module will be set each time a match edge or up edge occurs. The COVF flag in PCA0PWM can be 
used to detect the overflow or down edge.

The 9 to 11-bit PWM mode is selected by setting the ECOMn and PWMn bits in the PCA0CPMn register, 
and setting the CLSEL bits in register PCA0PWM to the desired cycle length (other than 8-bits). If the 
MATn bit is set to 1, the CCFn flag for the module will be set each time a match edge or up edge occurs. 
The COVF flag in PCA0PWM can be used to detect the overflow or down edge.

Important Note About PCA0CPHn and PCA0CPLn Registers: When writing a 16-bit value to the 
PCA0CPn registers, the low byte should always be written first. Writing to PCA0CPLn clears the ECOMn 
bit to 0; writing to PCA0CPHn sets ECOMn to 1.
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21.2.  Assigning Port I/O Pins to Analog and Digital Functions
Port I/O pins can be assigned to various analog, digital, and external interrupt functions. The port pins 
assigned to analog functions should be configured for analog I/O, and port pins assigned to digital or 
external interrupt functions should be configured for digital I/O. 

21.2.1. Assigning Port I/O Pins to Analog Functions

Table 21.1 shows all available analog functions that require port I/O assignments. Table 21.1 shows the 
potential mapping of port I/O to each analog function.

21.2.2. Assigning Port I/O Pins to Digital Functions

Any port pins not assigned to analog functions may be assigned to digital functions or used as GPIO. Most 
digital functions rely on the crossbar for pin assignment; however, some digital functions bypass the 
crossbar in a manner similar to the analog functions listed above. Table 21.2 shows all digital functions 
available through the crossbar and the potential mapping of port I/O to each function.

Table 21.1. Port I/O Assignment for Analog Functions

Analog Function Potentially Assignable 
Port Pins

SFR(s) used for 
Assignment

ADC Input P0.0 - P1.7 ADC0MX, PnSKIP, 
PnMDIN

Comparator0 Input P0.0 - P1.7 CPT0MX, PnSKIP, 
PnMDIN

Comparator1 Input P0.0 - P1.7 CPT1MX, PnSKIP, 
PnMDIN

Voltage Reference (VREF) P0.0 REF0CN, PnSKIP, 
PnMDIN

Reference Ground (AGND) P0.1 REF0CN, PnSKIP, 
PnMDIN

Table 21.2. Port I/O Assignment for Digital Functions

Digital Function Potentially Assignable Port Pins SFR(s) Used for 
Assignment

UART0, SPI0, SMBus0, CP0, CP0A, 
CP1, CP1A, SYSCLK, PCA0 (CEX0-
2 and ECI), T0, T1 or T2.

Any port pin available for assignment by the 
crossbar. This includes P0.0 - P1.7 pins which 
have their PnSKIP bit set to ‘0’. 
Note: The crossbar will always assign UART0 
pins to P0.4 and P0.5. 

XBR0, XBR1, XBR2

Any pin used for GPIO P0.0 - P2.1 P0SKIP, P1SKIP, 
P2SKIP
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Register 21.2. XBR1: Port I/O Crossbar 1

Bit 7 6 5 4 3 2 1 0

Name Reserved T2E T1E T0E ECIE PCA0ME

Type R RW RW RW RW RW RW

Reset 0 0 0 0 0 0 0 0

SFR Address: 0xE2

Table 21.5. XBR1 Register Bit Descriptions

Bit Name Function

7:6 Reserved Must write reset value.

5 T2E T2 Enable.

0: T2 unavailable at Port pin.
1: T2 routed to Port pin.

4 T1E T1 Enable.

0: T1 unavailable at Port pin.
1: T1 routed to Port pin.

3 T0E T0 Enable.

0: T0 unavailable at Port pin.
1: T0 routed to Port pin.

2 ECIE PCA0 External Counter Input Enable.

0: ECI unavailable at Port pin.
1: ECI routed to Port pin.

1:0 PCA0ME PCA Module I/O Enable Bits.

00: All PCA I/O unavailable at Port pins.
01: CEX0 routed to Port pin.
10: CEX0, CEX1 routed to Port pins.
11: CEX0, CEX1, CEX2 routed to Port pins.
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22.2.  Power-Fail Reset / Supply Monitor
C8051F85x/86x devices have a supply monitor that is enabled and selected as a reset source after each 
power-on.

The supply monitor senses the voltage on the device VDD supply and can generate a reset if the supply 
drops below the corresponding threshold. This monitor is enabled and enabled as a reset source after 
initial power-on to protect the device until VDD is an adequate and stable voltage.

When enabled and selected as a reset source, any power down transition or power irregularity that causes 
VDD to drop below the reset threshold will drive the RST pin low and hold the core in a reset state. When 
VDD returns to a level above the reset threshold, the monitor will release the core from the reset state. The 
reset status can then be read using the device reset sources module. After a power-fail reset, the PORF 
flag reads 1 and all of the other reset flags in the RSTSRC Register are indeterminate. The power-on reset 
delay (tPOR) is not incurred after a supply monitor reset. The contents of RAM should be presumed invalid 
after a VDD monitor reset. 

The enable state of the VDD supply monitor and its selection as a reset source is not altered by device 
resets. For example, if the VDD supply monitor is de-selected as a reset source and disabled by software, 
and then firmware performs a software reset, the VDD supply monitor will remain disabled and de-selected 
after the reset.

To protect the integrity of flash contents, the VDD supply monitor must be enabled and selected as a reset 
source if software contains routines that erase or write flash memory. If the VDD supply monitor is not 
enabled, any erase or write performed on flash memory will be ignored.

Figure 22.3. VDD Supply Monitor Threshold

22.3.  Enabling the VDD Monitor
The VDD supply monitor is enabled by default. However, in systems which disable the supply monitor, it 
must be enabled before selecting it as a reset source. Selecting the VDD supply monitor as a reset source 
before it has stabilized may generate a system reset. In systems where this reset would be undesirable, a 
delay should be introduced between enabling the VDD supply monitor and selecting it as a reset source. 
No delay should be introduced in systems where software contains routines that erase or write flash 
memory. The procedure for enabling the VDD supply monitor and selecting it as a reset source is:

t

vo
lts

VDD

Reset Threshold 
(VRST)

VDD Monitor 
Reset

RST
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Register 23.3. SPI0CKR: SPI0 Clock Rate

Bit 7 6 5 4 3 2 1 0

Name SPI0CKR

Type RW

Reset 0 0 0 0 0 0 0 0

SFR Address: 0xA2

Table 23.4. SPI0CKR Register Bit Descriptions

Bit Name Function

7:0 SPI0CKR SPI0 Clock Rate.

These bits determine the frequency of the SCK output when the SPI0 module is config-
ured for master mode operation. The SCK clock frequency is a divided version of the 
system clock, and is given in the following equation, where SYSCLK is the system clock 
frequency and SPI0CKR is the 8-bit value held in the SPI0CKR register.

for 0 <= SPI0CKR <= 255

fSCK
SYSCLK

2 SPI0CKR 1+ 
-----------------------------------------------=
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24.5.2. Read Sequence (Master)

During a read sequence, an SMBus master reads data from a slave device. The master in this transfer will 
be a transmitter during the address byte, and a receiver during all data bytes. The SMBus interface 
generates the START condition and transmits the first byte containing the address of the target slave and 
the data direction bit. In this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then 
received from the slave on SDA while the SMBus outputs the serial clock. The slave transmits one or more 
bytes of serial data. 

If hardware ACK generation is disabled, the ACKRQ is set to 1 and an interrupt is generated after each 
received byte. Software must write the ACK bit at that time to ACK or NACK the received byte. 

With hardware ACK generation enabled, the SMBus hardware will automatically generate the ACK/NACK, 
and then post the interrupt. It is important to note that the appropriate ACK or NACK value should be 
set up by the software prior to receiving the byte when hardware ACK generation is enabled.

Writing a 1 to the ACK bit generates an ACK; writing a 0 generates a NACK. Software should write a 0 to 
the ACK bit for the last data transfer, to transmit a NACK. The interface exits Master Receiver Mode after 
the STO bit is set and a STOP is generated. The interface will switch to Master Transmitter Mode if 
SMB0DAT is written while an active Master Receiver. Figure 24.6 shows a typical master read sequence. 
Two received data bytes are shown, though any number of bytes may be received. Notice that the ‘data 
byte transferred’ interrupts occur at different places in the sequence, depending on whether hardware ACK 
generation is enabled. The interrupt occurs before the ACK with hardware ACK generation disabled, and 
after the ACK when hardware ACK generation is enabled.

Figure 24.6. Typical Master Read Sequence

Data ByteData Byte A NAS R PSLA

S = START
P = STOP
A = ACK
N = NACK
R = READ
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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S
la
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R
e

ce
iv

er

0010

0 0 X
A slave address + R/W was received; 
ACK sent.

If Write, Set ACK for first data 
byte.

0 0 1 0000

If Read, Load SMB0DAT with 
data byte

0 0 X 0100

0 1 X
Lost arbitration as master; slave 
address + R/W received; ACK sent.

If Write, Set ACK for first data 
byte.

0 0 1 0000

If Read, Load SMB0DAT with 
data byte

0 0 X 0100

Reschedule failed transfer 1 0 X 1110

0001

0 0 X
A STOP was detected while 
addressed as a Slave Transmitter or 
Slave Receiver.

Clear STO.
0 0 X —

0 1 X
Lost arbitration while attempting a 
STOP.

No action required (transfer 
complete/aborted).

0 0 0 —

0000 0 0 X A slave byte was received.

Set ACK for next data byte;
Read SMB0DAT.

0 0 1 0000

Set NACK for next data byte;
Read SMB0DAT.

0 0 0 0000

B
u

s 
E

rr
o

r 
C

o
n

d
it

io
n 0010 0 1 X

Lost arbitration while attempting a 
repeated START.

Abort failed transfer. 0 0 X —

Reschedule failed transfer. 1 0 X 1110

0001 0 1 X
Lost arbitration due to a detected 
STOP. 

Abort failed transfer. 0 0 X —

Reschedule failed transfer. 1 0 X 1110

0000 0 1 X
Lost arbitration while transmitting a 
data byte as master.

Abort failed transfer. 0 0 X —

Reschedule failed transfer. 1 0 X 1110

Table 24.6. SMBus Status Decoding: Hardware ACK Enabled (EHACK = 1)  (Continued)
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1:0 SMBCS SMBus0 Clock Source Selection.

These two bits select the SMBus0 clock source, which is used to generate the SMBus0 
bit rate. See the SMBus clock timing section for additional details.
00: Timer 0 Overflow
01: Timer 1 Overflow
10: Timer 2 High Byte Overflow
11: Timer 2 Low Byte Overflow

Table 24.7. SMB0CF Register Bit Descriptions

Bit Name Function
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25.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)

In Mode 3, Timer 0 is configured as two separate 8-bit counter/timers held in TL0 and TH0. The counter/
timer in TL0 is controlled using the Timer 0 control/status bits in TCON and TMOD: TR0, CT0, GATE0 and 
TF0. TL0 can use either the system clock or an external input signal as its timebase. The TH0 register is 
restricted to a timer function sourced by the system clock or prescaled clock. TH0 is enabled using the 
Timer 1 run control bit TR1. TH0 sets the Timer 1 overflow flag TF1 on overflow and thus controls the 
Timer 1 interrupt.

Timer 1 is inactive in Mode 3. When Timer 0 is operating in Mode 3, Timer 1 can be operated in Modes 0, 
1 or 2, but cannot be clocked by external signals nor set the TF1 flag and generate an interrupt. However, 
the Timer 1 overflow can be used to generate baud rates for the SMBus and/or UART, and/or initiate ADC 
conversions. While Timer 0 is operating in Mode 3, Timer 1 run control is handled through its mode 
settings. To run Timer 1 while Timer 0 is in Mode 3, set the Timer 1 Mode as 0, 1, or 2. To disable Timer 1, 
configure it for Mode 3.

Figure 25.3. T0 Mode 3 Block Diagram
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