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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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1.3. Serial Ports

The C8051F93x-C8051F92x Family includes an SMBus/I2C interface, a full-duplex UART with enhanced 
baud rate configuration, and two Enhanced SPI interfaces. Each of the serial buses is fully implemented in 
hardware and makes extensive use of the CIP-51's interrupts, thus requiring very little CPU intervention.

1.4. Programmable Counter Array

An on-chip Programmable Counter/Timer Array (PCA) is included in addition to the four 16-bit general pur-
pose counter/timers. The PCA consists of a dedicated 16-bit counter/timer time base with six programma-
ble capture/compare modules. The PCA clock is derived from one of six sources: the system clock divided 
by 12, the system clock divided by 4, Timer 0 overflows, an External Clock Input (ECI), the system clock, or 
the external oscillator clock source divided by 8. 

Each capture/compare module can be configured to operate in a variety of modes: edge-triggered capture, 
software timer, high-speed output, pulse width modulator (8, 9, 10, 11, or 16-bit), or frequency output. Addi-
tionally, Capture/Compare Module 5 offers watchdog timer (WDT) capabilities. Following a system reset, 
Module 5 is configured and enabled in WDT mode. The PCA Capture/Compare Module I/O and External 
Clock Input may be routed to Port I/O via the Digital Crossbar. 

Figure 1.6. PCA Block Diagram
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Figure 1.9. Comparator 0 Functional Block Diagram

Figure 1.10. Comparator 1 Functional Block Diagram
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Figure 3.3. LQFP-32 Pinout Diagram (Top View)
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5.6.1. Calibration

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature 
measurements (see Table 4.10 for linearity specifications). For absolute temperature measurements, 
offset and/or gain calibration is recommended. Typically a 1-point (offset) calibration includes the following 
steps:

Step 1.  Control/measure the ambient temperature (this temperature must be known).
Step 2.  Power the device, and delay for a few seconds to allow for self-heating.
Step 3.  Perform an ADC conversion with the temperature sensor selected as the positive input 

and GND selected as the negative input.
Step 4.  Calculate the offset characteristics, and store this value in non-volatile memory for use 

with subsequent temperature sensor measurements.

Figure 5.9 shows the typical temperature sensor error assuming a 1-point calibration at 25 °C.
Parameters that affect ADC measurement, in particular the voltage reference value, will also affect 
temperature measurement.

A single-point offset measurement of the temperature sensor is performed on each device during 
production test. The measurement is performed at 25 °C ±5 °C, using the ADC with the internal high speed 
reference buffer selected as the Voltage Reference. The direct ADC result of the measurement is stored in 
the SFR registers TOFFH and TOFFL, shown in SFR Definition 5.13 and SFR Definition 5.14.

Figure 5.9. Temperature Sensor Error with 1-Point Calibration (VREF = 1.68 V)
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SFR Page = 0xF; SFR Address = 0x86

SFR Page = 0xF; SFR Address = 0x85

SFR Definition 5.13. TOFFH: Temperature Sensor Offset High

Bit 7 6 5 4 3 2 1 0

Name TOFF[9:2]

Type R R R R R R R R

Reset Varies Varies Varies Varies Varies Varies Varies Varies

Bit Name Function

7:0 TOFF[9:2] Temperature Sensor Offset High Bits.
Most Significant Bits of the 10-bit temperature sensor offset measurement.

SFR Definition 5.14. TOFFL: Temperature Sensor Offset Low

Bit 7 6 5 4 3 2 1 0

Name TOFF[1:0]

Type R R

Reset Varies Varies 0 0 0 0 0 0

Bit Name Function

7:6 TOFF[1:0] Temperature Sensor Offset Low Bits.
Least Significant Bits of the 10-bit temperature sensor offset measurement.

5:0 Unused Unused.

Read = 000000b; Write = Don't Care.
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7. Comparators 
C8051F93x-C8051F92x devices include two on-chip programmable voltage comparators: Comparator 0 
(CPT0) is shown in Figure 7.1; Comparator 1 (CPT1) is shown in Figure 7.2. The two comparators operate 
identically, but may differ in their ability to be used as reset or wake-up sources. See the Reset Sources 
chapter and the Power Management chapter for details on reset sources and low power mode wake-up 
sources, respectively.

The Comparator offers programmable response time and hysteresis, an analog input multiplexer, and two 
outputs that are optionally available at the Port pins: a synchronous “latched” output (CP0, CP1), or an 
asynchronous “raw” output (CP0A, CP1A). The asynchronous CP0A signal is available even when the 
system clock is not active. This allows the Comparator to operate and generate an output when the device 
is in some low power modes.

7.1. Comparator Inputs

Each Comparator performs an analog comparison of the voltage levels at its positive (CP0+ or CP1+) and 
negative (CP0- or CP1-) input. Both comparators support multiple port pin inputs multiplexed to their posi-
tive and negative comparator inputs using analog input multiplexers. The analog input multiplexers are 
completely under software control and configured using SFR registers. See Section “7.6. Comparator0 and 
Comparator1 Analog Multiplexers” on page 100 for details on how to select and configure Comparator 
inputs.

Important Note About Comparator Inputs: The Port pins selected as Comparator inputs should be con-
figured as analog inputs and skipped by the Crossbar. See the Port I/O chapter for more details on how to 
configure Port I/O pins as Analog Inputs. The Comparator may also be used to compare the logic level of 
digital signals, however, Port I/O pins configured as digital inputs must be driven to a valid logic state 
(HIGH or LOW) to avoid increased power consumption.

Figure 7.1. Comparator 0 Functional Block Diagram

VDD

C
P

T
0C

N

Reset 
Decision 

Tree

 +

 -
Crossbar

Interrupt 
Logic

Q

Q
SET

CLR

D

Q

Q
SET

CLR

D

(SYNCHRONIZER)

GND

CP0 +

Px.x

CP0EN

CP0OUT

CP0RIF

CP0FIF

CP0HYP1

CP0HYP0

CP0HYN1

CP0HYN0
CPT0MD

C
P

0
R

IE

C
P

0F
IE

C
P

0M
D

1

C
P

0M
D

0

CP0

CP0A

CP0
 Rising-edge 

CP0
Falling-edge 

CP0
Interrupt 

Px.x

Px.x

Px.x

CP0 -
(ASYNCHRONOUS)

Analog Input Multiplexer



C8051F93x-C8051F92x

100 Rev. 1.4



C8051F93x-C8051F92x

113 Rev. 1.4

9.1. Program Memory

The CIP-51 core has a 64 kB program memory space. The C8051F93x-C8051F92x implements 64 kB 
(C8051F930/1) or 32 kB (C8051F920/1) of this program memory space as in-system, re-programmable 
Flash memory, organized in a contiguous block from addresses 0x0000 to 0xFBFF (C8051F930/1) or 
0x7FFF (C8051F920/1). The address 0xFBFF (C8051F930/1) or 0x7FFF (C8051F920/1) serves as the 
security lock byte for the device. Any addresses above the lock byte are reserved. 

Figure 9.2. Flash Program Memory Map
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9.2. Data Memory

The C8051F93x-C8051F92x device family includes 4352 bytes of RAM data memory. 256 bytes of this 
memory is mapped into the internal RAM space of the 8051. 4096 bytes of this memory is on-chip “exter-
nal” memory. The data memory map is shown in Figure 9.1 for reference.

9.2.1. Internal RAM

There are 256 bytes of internal RAM mapped into the data memory space from 0x00 through 0xFF. The 
lower 128 bytes of data memory are used for general purpose registers and scratch pad memory. Either 
direct or indirect addressing may be used to access the lower 128 bytes of data memory. Locations 0x00 
through 0x1F are addressable as four banks of general purpose registers, each bank consisting of eight 
byte-wide registers. The next 16 bytes, locations 0x20 through 0x2F, may either be addressed as bytes or 
as 128 bit locations accessible with the direct addressing mode.

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 9.1 illustrates the data memory organization of the C8051F93x-
C8051F92x.

9.2.1.1. General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through 0x1F, may be addressed as four banks of gen-
eral-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, RS0 (PSW.3) and RS1 
(PSW.4), select the active register bank (see description of the PSW in SFR Definition 8.6). This allows 
fast context switching when entering subroutines and interrupt service routines. Indirect addressing modes 
use registers R0 and R1 as index registers.

9.2.1.2. 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 destina-
tion). 

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.
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SFR Page = All Pages; SFR Address = 0xE6

SFR Definition 12.3. EIE1: Extended Interrupt Enable 1

Bit 7 6 5 4 3 2 1 0

Name ET3 ECP1 ECP0 EPCA0 EADC0 EWADC0 ERTC0A ESMB0

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 ET3 Enable Timer 3 Interrupt.

This bit sets the masking of the Timer 3 interrupt.
0: Disable Timer 3 interrupts.
1: Enable interrupt requests generated by the TF3L or TF3H flags.

6 ECP1 Enable Comparator1 (CP1) Interrupt.

This bit sets the masking of the CP1 interrupt.
0: Disable CP1 interrupts.
1: Enable interrupt requests generated by the CP1RIF or CP1FIF flags.

5 ECP0 Enable Comparator0 (CP0) Interrupt.

This bit sets the masking of the CP0 interrupt.
0: Disable CP0 interrupts.
1: Enable interrupt requests generated by the CP0RIF or CP0FIF flags.

4 EPCA0 Enable Programmable Counter Array (PCA0) Interrupt.

This bit sets the masking of the PCA0 interrupts.
0: Disable all PCA0 interrupts.
1: Enable interrupt requests generated by PCA0.

3 EADC0 Enable ADC0 Conversion Complete Interrupt.

This bit sets the masking of the ADC0 Conversion Complete interrupt.
0: Disable ADC0 Conversion Complete interrupt.
1: Enable interrupt requests generated by the AD0INT flag.

2 EWADC0 Enable Window Comparison ADC0 Interrupt. 

This bit sets the masking of ADC0 Window Comparison interrupt.
0: Disable ADC0 Window Comparison interrupt.
1: Enable interrupt requests generated by ADC0 Window Compare flag (AD0WINT).

1 ERTC0A Enable SmaRTClock Alarm Interrupts. 

This bit sets the masking of the SmaRTClock Alarm interrupt.
0: Disable SmaRTClock Alarm interrupts.
1: Enable interrupt requests generated by a SmaRTClock Alarm.

0 ESMB0 Enable SMBus (SMB0) Interrupt. 

This bit sets the masking of the SMB0 interrupt.
0: Disable all SMB0 interrupts.
1: Enable interrupt requests generated by SMB0.
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14. Power Management
C8051F93x-C8051F92x devices support 5 power modes: Normal, Idle, Stop, Suspend, and Sleep. The 
power management unit (PMU0) allows the device to enter and wake-up from the available power modes. 
A brief description of each power mode is provided in Table 14.1. Detailed descriptions of each mode can 
be found in the following sections.

In battery powered systems, the system should spend as much time as possible in sleep mode in order to 
preserve battery life. When a task with a fixed number of clock cycles needs to be performed, the device 
should switch to normal mode, finish the task as quickly as possible, and return to sleep mode. Idle mode 
and suspend modes provide a very fast wake-up time; however, the power savings in these modes will not 
be as much as in sleep Mode. Stop Mode is included for legacy reasons; the system will be more power 
efficient and easier to wake up when idle, suspend, or sleep mode are used.

Although switching power modes is an integral part of power management, enabling/disabling individual 
peripherals as needed will help lower power consumption in all power modes. Each analog peripheral can 
be disabled when not in use or placed in a low power mode. Digital peripherals such as timers or serial 
busses draw little power whenever they are not in use. Digital peripherals draw no power in Sleep Mode.

Table 14.1. Power Modes

Power Mode Description Wake-Up 
Sources

Power Savings

Normal Device fully functional N/A Excellent MIPS/mW

Idle All peripherals fully functional.
Very easy to wake up.

Any Interrupt. Good
No Code Execution

Stop Legacy 8051 low power mode. 
A reset is required to wake up.

Any Reset. Good
No Code Execution

Precision Oscillator Disabled

Suspend Similar to Stop Mode, but very fast 
wake-up time and code resumes 
execution at the next instruction. 

SmaRTClock,
Port Match, 

Comparator0,
RST pin.

Very Good
No Code Execution

All Internal Oscillators Disabled
System Clock Gated

Sleep Ultra Low Power and flexible 
wake-up sources. Code resumes 
execution at the next instruction. 
Comparator0 only functional in 
two-cell mode.

SmaRTClock,
Port Match, 

Comparator0,
RST pin.

Excellent
Power Supply Gated

All Oscillators except SmaRT-
Clock Disabled
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14.4. Suspend Mode

Setting the Suspend Mode Select bit (PMU0CF.6) causes the system clock to be gated off and all internal 
oscillators disabled. All digital logic (timers, communication peripherals, interrupts, CPU, etc.) stops 
functioning until one of the enabled wake-up sources occurs.

Important Notes: 

• When entering Suspend Mode, the global clock divider must be set to "divide by 1" by setting 
CLKDIV[2:0] = 000b in the CLKSEL register.

• The one-shot circuit should be enabled by clearing the BYPASS bit (FLSCL.6) to logic 0. See 
the note in SFR Definition 13.3. FLSCL: Flash Scale for more information on how to properly 
clear the BYPASS bit.

• Upon wake-up from suspend mode, PMU0 requires two system clocks in order to update the 
PMU0CF wake-up flags. All flags will read back a value of '0' during the first two system clocks 
following a wake-up from suspend mode.

The following wake-up sources can be configured to wake the device from Suspend Mode:

• SmaRTClock Oscillator Fail
• SmaRTClock Alarm
• Port Match Event
• Comparator0 Rising Edge

In addition, a noise glitch on RST that is not long enough to reset the device will cause the device to exit 
suspend. In order for the MCU to respond to the pin reset event, software must not place the device back 
into suspend mode for a period of 15 µs. The PMU0CF register may be checked to determine if the wake-
up was due to a falling edge on the /RST pin. If the wake-up source is not due to a falling edge on RST, 
there is no time restriction on how soon software may place the device back into suspend mode. A 4.7 kΩ
pullup resistor to VDD/DC+ is recommend for RST to prevent noise glitches from waking the device.

14.5. Sleep Mode

Setting the Sleep Mode Select bit (PMU0CF.6) turns off the internal 1.8 V regulator (VREG0) and switches 
the power supply of all on-chip RAM to the VBAT pin (see Figure 14.1). Power to most digital logic on the 
chip is disconnected; only PMU0 and the SmaRTClock remain powered. Analog peripherals remain 
powered in two-cell mode and lose their supply in one-cell mode because the dc-dc converter is disabled. 
In two-cell mode, only the Comparators remain functional when the device enters Sleep Mode. All other 
analog peripherals (ADC0, IREF0, External Oscillator, etc.) should be disabled prior to entering Sleep 
Mode.

Important Notes: 

• When entering Sleep Mode, the global clock divider must be set to "divide by 1" by setting 
CLKDIV[2:0] = 000b in the CLKSEL register. 

• Per device errata, for Revision D and prior silicon, the CLKSEL register must select “low power 
oscillator divided by 2” as the system clock source and wait for CLKRDY to be set prior to 
entering Sleep Mode. 

GPIO pins configured as digital outputs will retain their output state during sleep mode. In two-cell mode, 
they will maintain the same current drive capability in sleep mode as they have in normal mode. In one-cell 
mode, the VDD/DC+ supply will drop to the level of VBAT, which will reduce the output high-voltage level 
and the source and sink current drive capability. 
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20.1.4. SmaRTClock Interface Autoread Feature

When Autoread is enabled, each read from RTC0DAT initiates the next indirect read operation on the 
SmaRTClock internal register selected by RTC0ADR. Software should set the BUSY bit once at the 
beginning of each series of consecutive reads. Software should follow recommended instruction timing or 
check if the SmaRTClock Interface is busy prior to reading RTC0DAT. Autoread is enabled by setting 
AUTORD (RTC0ADR.6) to logic 1.

20.1.5. RTC0ADR Autoincrement Feature

For ease of reading and writing the 32-bit CAPTURE and ALARM values, RTC0ADR automatically 
increments after each read or write to a CAPTUREn or ALARMn register. This speeds up the process of 
setting an alarm or reading the current SmaRTClock timer value. Autoincrement is always enabled.

Recommended Instruction Timing for a multi-byte register read with short strobe and autoread enabled:

mov RTC0ADR, #0d0h
nop
nop
nop
mov A, RTC0DAT
nop
nop
mov A, RTC0DAT
nop
nop
mov A, RTC0DAT
nop
nop
mov A, RTC0DAT

Recommended Instruction Timing for a multi-byte register write with short strobe enabled:

mov RTC0ADR, #010h
mov RTC0DAT, #05h
nop
mov RTC0DAT, #06h
nop
mov RTC0DAT, #07h
nop
mov RTC0DAT, #08h
nop
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SFR Page = 0x0; SFR Address = 0xAE

SFR Definition 20.1. RTC0KEY: SmaRTClock Lock and Key

Bit 7 6 5 4 3 2 1 0

Name RTC0ST[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 RTC0ST SmaRTClock Interface Lock/Key and Status. 

Locks/unlocks the SmaRTClock interface when written. Provides lock status when 
read.

Read:
0x00: SmaRTClock Interface is locked.
0x01: SmaRTClock Interface is locked.
First key code (0xA5) has been written, waiting for second key code.
0x02: SmaRTClock Interface is unlocked. 
First and second key codes (0xA5, 0xF1) have been written.
0x03: SmaRTClock Interface is disabled until the next system reset.

Write:
When RTC0ST = 0x00 (locked), writing 0xA5 followed by 0xF1 unlocks the 
SmaRTClock Interface.

When RTC0ST = 0x01 (waiting for second key code), writing any value other 
than the second key code (0xF1) will change RTC0STATE to 0x03 and disable 
the SmaRTClock Interface until the next system reset.

When RTC0ST = 0x02 (unlocked), any write to RTC0KEY will lock the SmaRT-
Clock Interface.

When RTC0ST = 0x03 (disabled), writes to RTC0KEY have no effect.
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SmaRTClock Addresses: CAPTURE0 = 0x00; CAPTURE1 = 0x01; CAPTURE2 =0x02; CAPTURE3: 0x03.

SmaRTClock Addresses: ALARM0 = 0x08; ALARM1 = 0x09; ALARM2 = 0x0A; ALARM3 = 0x0B

Internal Register Definition 20.8. 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 in CAPTURE0.0.

Internal Register Definition 20.9. ALARMn: SmaRTClock Alarm Programmed Value

Bit 7 6 5 4 3 2 1 0

Name ALARM[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 ALARM[31:0] SmaRTClock Alarm Programmed Value. 

These 4 registers (ALARM3–ALARM0) are used to set an alarm event for the 
SmaRTClock timer. The SmaRTClock alarm should be disabled (RTC0AEN=0) 
when updating these registers.

Note: The least significant bit of the alarm programmed value is in ALARM0.0.
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25.1.3. 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. TL0 holds the count and TH0 holds the reload value. When the counter 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 
Timer 0 interrupts are 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. Setting the 
TR0 bit (TCON.4) enables the timer when either GATE0 (TMOD.3) is logic 0 or when the input signal INT0
is active as defined by bit IN0PL in register IT01CF (see Section “12.6. External Interrupts INT0 and INT1” 
on page 146 for details on the external input signals INT0 and INT1).

Figure 25.2. T0 Mode 2 Block Diagram
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SFR Page = 0x0; SFR Address = 0x88; Bit-Addressable

SFR Definition 25.2. TCON: Timer Control

Bit 7 6 5 4 3 2 1 0

Name TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0

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 TF1 Timer 1 Overflow Flag.

Set to 1 by hardware when Timer 1 overflows. This flag can be cleared by software 
but is automatically cleared when the CPU vectors to the Timer 1 interrupt service 
routine.

6 TR1 Timer 1 Run Control.

Timer 1 is enabled by setting this bit to 1.

5 TF0 Timer 0 Overflow Flag.

Set to 1 by hardware when Timer 0 overflows. This flag can be cleared by software 
but is automatically cleared when the CPU vectors to the Timer 0 interrupt service 
routine.

4 TR0 Timer 0 Run Control.

Timer 0 is enabled by setting this bit to 1.

3 IE1 External Interrupt 1. 

This flag is set by hardware when an edge/level of type defined by IT1 is detected. It 
can be cleared by software but is automatically cleared when the CPU vectors to the 
External Interrupt 1 service routine in edge-triggered mode.

2 IT1 Interrupt 1 Type Select. 

This bit selects whether the configured INT1 interrupt will be edge or level sensitive. 
INT1 is configured active low or high by the IN1PL bit in the IT01CF register (see 
SFR Definition 12.7).
0: INT1 is level triggered.
1: INT1 is edge triggered.

1 IE0 External Interrupt 0. 

This flag is set by hardware when an edge/level of type defined by IT1 is detected. It 
can be cleared by software but is automatically cleared when the CPU vectors to the 
External Interrupt 0 service routine in edge-triggered mode.

0 IT0 Interrupt 0 Type Select. 

This bit selects whether the configured INT0 interrupt will be edge or level sensitive. 
INT0 is configured active low or high by the IN0PL bit in register IT01CF (see SFR 
Definition 12.7).
0: INT0 is level triggered.
1: INT0 is edge triggered.
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26.3. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: edge-triggered 
capture, software timer, high speed output, frequency output, 8 to 11-bit pulse width modulator, or 16-bit 
pulse width modulator. Each module has Special Function Registers (SFRs) associated with it in the CIP-
51 system controller. These registers are used to exchange data with a module and configure the module's 
mode of operation. Table 26.2 summarizes the bit settings in the PCA0CPMn and PCA0PWM registers 
used to select the PCA capture/compare module’s operating mode. Note that all modules set to use 8, 9, 
10, or 11-bit PWM mode must use the same cycle length (8-11 bits). Setting the ECCFn bit in a 
PCA0CPMn register enables the module's CCFn interrupt.

Table 26.2. PCA0CPM and PCA0PWM Bit Settings for PCA Capture/Compare Modules

Operational Mode PCA0CPMn PCA0PWM

Bit Number 7 6 5 4 3 2 1 0 7 6 5 4–2 1–0

Capture triggered by positive edge on CEXn X X 1 0 0 0 0 A 0 X B XXX XX

Capture triggered by negative edge on CEXn X X 0 1 0 0 0 A 0 X B XXX XX

Capture triggered by any transition on CEXn X X 1 1 0 0 0 A 0 X B XXX XX

Software Timer X C 0 0 1 0 0 A 0 X B XXX XX

High Speed Output X C 0 0 1 1 0 A 0 X B XXX XX

Frequency Output X C 0 0 0 1 1 A 0 X B XXX XX

8-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A 0 X B XXX 00

9-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 01

10-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 10

11-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 11

16-Bit Pulse Width Modulator 1 C 0 0 E 0 1 A 0 X B XXX XX

Notes:
1. X = Don’t Care (no functional difference for individual module if 1 or 0).
2. A = Enable interrupts for this module (PCA interrupt triggered on CCFn set to 1).
3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL[1:0]).
4. C = When set to 0, the digital comparator is off. For high speed and frequency output modes, the 

associated pin will not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).
5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated 

channel is accessed via addresses PCA0CPHn and PCA0CPLn.
6. E = When set, a match event will cause the CCFn flag for the associated channel to be set.
7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting. 
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26.3.6.   16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. 16-bit PWM mode is independent of the other 
(8/9/10/11-bit) PWM modes. In this mode, the 16-bit capture/compare module defines the number of PCA 
clocks for the low time of the PWM signal. When the PCA counter matches the module contents, the 
output on CEXn is asserted high; when the 16-bit counter overflows, CEXn is asserted low. To output a 
varying duty cycle, new value writes should be synchronized with PCA CCFn match interrupts. 16-Bit 
PWM Mode is enabled by setting the ECOMn, PWMn, and PWM16n bits in the PCA0CPMn register. For a 
varying duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATn = 1) to help synchronize 
the capture/compare register writes. If the MATn bit is set to 1, the CCFn flag for the module will be set 
each time a 16-bit comparator match (rising edge) occurs. The CF flag in PCA0CN can be used to detect 
the overflow (falling edge). The duty cycle for 16-Bit PWM Mode is given by Equation 26.4. 

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 
Capture/Compare 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.

Equation 26.4. 16-Bit PWM Duty Cycle
Using Equation 26.4, the largest duty cycle is 100% (PCA0CPn = 0), and the smallest duty cycle is 
0.0015% (PCA0CPn = 0xFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Figure 26.10. PCA 16-Bit PWM Mode
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