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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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5.3.  Typical Performance Curves

Figure 5.1. Normal Mode Digital Supply Current vs. Frequency (MPCE = 1)

Figure 5.2. Idle Mode Digital Supply Current vs. Frequency (MPCE = 1)
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SFR Address = 0xBE

SFR Address = 0xBD

SFR Definition 6.2. ADC0H: ADC0 Data Word MSB

Bit 7 6 5 4 3 2 1 0

Name ADC0H[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 ADC0H[7:0] ADC0 Data Word High-Order Bits.

For AD0LJST = 0: Bits 7–2 will read 000000b. Bits 1–0 are the upper 2 bits of the 10-
bit ADC0 Data Word.
For AD0LJST = 1: Bits 7–0 are the most-significant bits of the 10-bit ADC0 Data 
Word.
Note: In 8-bit mode AD0LJST is ignored, and ADC0H holds the 8-bit data word.

SFR Definition 6.3. ADC0L: ADC0 Data Word LSB

Bit 7 6 5 4 3 2 1 0

Name ADC0L[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 ADC0L[7:0] ADC0 Data Word Low-Order Bits.

For AD0LJST = 0: Bits 7–0 are the lower 8 bits of the 10-bit Data Word.
For AD0LJST = 1: Bits 7–6 are the lower 2 bits of the 10-bit Data Word. Bits 5–0 will 
read 000000b.
Note: In 8-bit mode AD0LJST is ignored, and ADC0L will read back 00000000b.
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SFR Address = 0xC6 

SFR Address = 0xC5

SFR Definition 6.7. ADC0LTH: ADC0 Less-Than Data High Byte

Bit 7 6 5 4 3 2 1 0

Name ADC0LTH[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 ADC0LTH[7:0] ADC0 Less-Than Data Word High-Order Bits.

SFR Definition 6.8. ADC0LTL: ADC0 Less-Than Data Low Byte

Bit 7 6 5 4 3 2 1 0

Name ADC0LTL[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 ADC0LTL[7:0] ADC0 Less-Than Data Word Low-Order Bits.
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8.1.2. Update Output Based on Timer Overflow

Similar to the ADC operation, in which an ADC conversion can be initiated by a timer overflow inde-
pendently of the processor, the IDAC outputs can use a Timer overflow to schedule an output update 
event. This feature is useful in systems where the IDAC is used to generate a waveform of a defined sam-
pling rate by eliminating the effects of variable interrupt latency and instruction execution on the timing of 
the IDAC output. When the IDA0CM bits (IDA0CN.[6:4]) are set to 000, 001, 010 or 011, writes to both 
IDAC data registers (IDA0L and IDA0H) are held until an associated Timer overflow event (Timer 0, 
Timer 1, Timer 2 or Timer 3, respectively) occurs, at which time the IDA0H:IDA0L contents are copied to 
the IDAC input latches, allowing the IDAC output to change to the new value.

8.1.3. Update Output Based on CNVSTR Edge

The IDAC output can also be configured to update on a rising edge, falling edge, or both edges of the 
external CNVSTR signal. When the IDA0CM bits (IDA0CN.[6:4]) are set to 100, 101, or 110, writes to both 
IDAC data registers (IDA0L and IDA0H) are held until an edge occurs on the CNVSTR input pin. The par-
ticular setting of the IDA0CM bits determines whether IDAC outputs are updated on rising, falling, or both 
edges of CNVSTR. When a corresponding edge occurs, the IDA0H:IDA0L contents are copied to the IDAC 
input latches, allowing the IDAC output to change to the new value.

8.2.  IDAC Output Mapping
The IDAC data registers (IDA0H and IDA0L) are left-justified, meaning that the eight MSBs of the IDAC 
output word are mapped to bits 7–0 of the IDA0H register, and the two LSBs of the IDAC output word are 
mapped to bits 7 and 6 of the IDA0L register. The data word mapping for the IDAC is shown in Figure 8.2. 

Figure 8.2. IDA0 Data Word Mapping

The full-scale output current of the IDAC is selected using the IDA0OMD bits (IDA0CN[1:0]). By default, 
the IDAC is set to a full-scale output current of 2 mA. The IDA0OMD bits can also be configured to provide 
full-scale output currents of 1 mA or 0.5 mA, as shown in SFR Definition 8.1.

IDA0H IDA0L

B9 B8 B7 B6 B5 B4 B3 B2 B1 B0

Input Data Word

(IDA09–IDA00)

Output Current

IDA0OMD[1:0] = 1x

Output Current

IDA0OMD[1:0] = 01

Output Current

IDA0OMD[1:0] = 00

0x000 0 mA 0 mA 0 mA
0x001 1/1024 x 2 mA 1/1024 x 1 mA 1/1024 x 0.5 mA
0x200 512/1024 x 2 mA 512/1024 x 1 mA 512/1024 x 0.5 mA
0x3FF 1023/1024 x 2 mA 1023/1024 x 1 mA 1023/1024 x 0.5 mA
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SFR Address = 0x9D 

SFR Definition 11.2. CPT0MD: Comparator0 Mode Selection

Bit 7 6 5 4 3 2 1 0

Name CP0RIE CP0FIE CP0MD[1:0]

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

Reset 0 0 0 0 0 0 1 0

Bit Name Function

7:6 Unused Unused. Read = 00b, Write = Don’t Care.

5 CP0RIE Comparator0 Rising-Edge Interrupt Enable.

0: Comparator0 Rising-edge interrupt disabled.
1: Comparator0 Rising-edge interrupt enabled.

4 CP0FIE Comparator0 Falling-Edge Interrupt Enable.

0: Comparator0 Falling-edge interrupt disabled.
1: Comparator0 Falling-edge interrupt enabled.

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

1:0 CP0MD[1:0] Comparator0 Mode Select.

These bits affect the response time and power consumption for Comparator0.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)
01: Mode 1
10: Mode 2
11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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SMB0ADR 0xD7 SMBus Slave Address 137

SMB0CF 0xC1 SMBus Configuration 133

SMB0CN 0xC0 SMBus Control 135

SMB0DAT 0xC2 SMBus Data 139

SP 0x81 Stack Pointer 70

SPI0CFG 0xA1 SPI Configuration 163

SPI0CKR 0xA2 SPI Clock Rate Control 165

SPI0CN 0xF8 SPI Control 164

SPI0DAT 0xA3 SPI Data 165

TCON 0x88 Timer/Counter Control 175

TH0 0x8C Timer/Counter 0 High 178

TH1 0x8D Timer/Counter 1 High 178

TL0 0x8A Timer/Counter 0 Low 177

TL1 0x8B Timer/Counter 1 Low 177

TMOD 0x89 Timer/Counter Mode 176

TMR2CN 0xC8 Timer/Counter 2 Control 182

TMR2H 0xCD Timer/Counter 2 High 184

TMR2L 0xCC Timer/Counter 2 Low 183

TMR2RLH 0xCB Timer/Counter 2 Reload High 183

TMR2RLL 0xCA Timer/Counter 2 Reload Low 183

TMR3CN 0x91 Timer/Counter 3Control 188

TMR3H 0x95 Timer/Counter 3 High 190

TMR3L 0x94 Timer/Counter 3Low 189

TMR3RLH 0x93 Timer/Counter 3 Reload High 189

TMR3RLL 0x92 Timer/Counter 3 Reload Low 189

TOFFH 0x86 Temperature Sensor Offset Measurement High 47

TOFFL 0x85 Temperature Sensor Offset Measurement Low 47

VDM0CN 0xFF VDD Monitor Control 98

XBR0 0xE1 Port I/O Crossbar Control 0 117

XBR1 0xE2 Port I/O Crossbar Control 1 118

Table 14.2. Special Function Registers  (Continued)

SFRs are listed in alphabetical order. All undefined SFR locations are reserved

Register Address Description Page
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16.3.  Program Memory CRC
A CRC engine is included on-chip which provides a means of verifying EPROM contents once the device 
has been programmed. The CRC engine is available for EPROM verification even if the device is fully read 
and write locked, allowing for verification of code contents at any time.

The CRC engine is operated through the C2 debug and programming interface, and performs 16-bit CRCs 
on individual 256-Byte blocks of program memory, or a 32-bit CRC on the entire memory space. To prevent 
hacking and extrapolation of security-locked source code, the CRC engine will only allow CRCs to be per-
formed on contiguous 256-Byte blocks beginning on 256-Byte boundaries (lowest 8-bits of address are 
0x00). For example, the CRC engine can perform a CRC for locations 0x0400 through 0x04FF, but it can-
not perform a CRC for locations 0x0401 through 0x0500, or on block sizes smaller or larger than 
256 bytes. 

16.3.1. Performing 32-bit CRCs on Full EPROM Content

A 32-bit CRC on the entire EPROM space is initiated by writing to the CRC1 byte over the C2 interface. 
The CRC calculation begins at address 0x0000 and ends at the end of user EPROM space. The EPBusy 
bit in register C2ADD will be set during the CRC operation, and cleared once the operation is complete. 
The 32-bit results will be available in the CRC3-0 registers. CRC3 is the MSB, and CRC0 is the LSB. The 
polynomial used for the 32-bit CRC calculation is 0x04C11DB7. 

Note: If a 16-bit CRC has been performed since the last device reset, a device reset should be initiated before 
performing a 32-bit CRC operation.

16.3.2. Performing 16-bit CRCs on 256-Byte EPROM Blocks

A 16-bit CRC of individual 256-byte blocks of EPROM can be initiated by writing to the CRC0 byte over the 
C2 interface. The value written to CRC0 is the high byte of the beginning address for the CRC. For exam-
ple, if CRC0 is written to 0x02, the CRC will be performed on the 256-bytes beginning at address 0x0200, 
and ending at address 0x2FF. The EPBusy bit in register C2ADD will be set during the CRC operation, and 
cleared once the operation is complete. The 16-bit results will be available in the CRC1-0 registers. CRC1 
is the MSB, and CRC0 is the LSB. The polynomial for the 16-bit CRC calculation is 0x1021
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SFR Address = 0x87

SFR Definition 17.1. PCON: Power Control

Bit 7 6 5 4 3 2 1 0

Name GF[5:0] STOP IDLE

Type R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:2 GF[5:0] General Purpose Flags 5–0.

These are general purpose flags for use under software control.

1 STOP Stop Mode Select.

Setting this bit will place the CIP-51 in Stop mode. This bit will always be read as 0.
1: CPU goes into Stop mode (internal oscillator stopped).

0 IDLE Idle Mode Select.

Setting this bit will place the CIP-51 in Idle mode. This bit will always be read as 0.
1: CPU 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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19.2.  Programmable Internal High-Frequency (H-F) Oscillator
All C8051T630/1/2/3/4/5 devices include a programmable internal high-frequency oscillator that defaults 
as the system clock after a system reset. The internal oscillator period caPara1n be adjusted via the 
OSCICL register as defined by SFR Definition 19.2. 

On C8051T630/1/2/3/4/5 devices, OSCICL is factory calibrated to obtain a 24.5 MHz base frequency.

The system clock may be derived from the programmed internal oscillator divided by 1, 2, 4, or 8, as 
defined by the IFCN bits in register OSCICN. The divide value defaults to 8 following a reset.

19.2.1. Internal Oscillator Suspend Mode

When software writes a logic 1 to SUSPEND (OSCICN.5), the internal oscillator is suspended. If the sys-
tem clock is derived from the internal oscillator, the input clock to the peripheral or CIP-51 will be stopped 
until one of the following events occur:

 Port 0 Match Event.

 Port 1 Match Event.

 Comparator 0 enabled and output is logic 0.

 Timer3 Overflow Event.

When one of the oscillator awakening events occur, the internal oscillator, CIP-51, and affected peripherals 
resume normal operation, regardless of whether the event also causes an interrupt. The CPU resumes 
execution at the instruction following the write to SUSPEND.

SFR Address = 0xB3 

SFR Definition 19.2. OSCICL: Internal H-F Oscillator Calibration

Bit 7 6 5 4 3 2 1 0

Name OSCICL[6:0]

Type R R/W

Reset 0 Varies Varies Varies Varies Varies Varies Varies

Bit Name Function

7 Unused Unused. Read = 0; Write = Don’t Care

6:0 OSCICL[6:0] Internal Oscillator Calibration Bits.

These bits determine the internal oscillator period. When set to 0000000b, the H-F 
oscillator operates at its fastest setting. When set to 1111111b, the H-F oscillator 
operates at its slowest setting. The reset value is factory calibrated to generate an 
internal oscillator frequency of 24.5 MHz.



Rev. 1.0 113

C8051T630/1/2/3/4/5

20.2.3. Assigning Port I/O Pins to External Digital Event Capture Functions

External digital event capture functions can be used to trigger an interrupt or wake the device from a low 
power mode when a transition occurs on a digital I/O pin. The digital event capture functions do not require 
dedicated pins and will function on both GPIO pins (PnSKIP = 1) and pins in use by the Crossbar (PnSKIP 
= 0). External digital event capture functions cannot be used on pins configured for analog I/O. Table 20.3 
shows all available external digital event capture functions.

Table 20.3. Port I/O Assignment for External Digital Event Capture Functions

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

External Interrupt 0 P0.0–P0.7 IT01CF

External Interrupt 1 P0.0–P0.7 IT01CF

Port Match P0.0–P1.7 P0MASK, P0MAT
P1MASK, P1MAT
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SFR Address = 0xD4

SFR Address = 0x90; Bit-Addressable

SFR Definition 20.10. P0SKIP: Port 0 Skip

Bit 7 6 5 4 3 2 1 0

Name P0SKIP[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 P0SKIP[7:0] Port 0 Crossbar Skip Enable Bits.

These bits select Port 0 pins to be skipped by the Crossbar Decoder. Port pins 
used for analog, special functions or GPIO should be skipped by the Crossbar.
0: Corresponding P0.n pin is not skipped by the Crossbar.
1: Corresponding P0.n pin is skipped by the Crossbar.

SFR Definition 20.11. P1: Port 1

Bit 7 6 5 4 3 2 1 0

Name P1[7:0]

Type R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Description Write Read

7:0 P1[7:0] Port 1 Data. 

Sets the Port latch logic 
value or reads the Port pin 
logic state in Port cells con-
figured for digital I/O.

0: Set output latch to logic 
LOW.
1: Set output latch to logic 
HIGH.

0: P1.n Port pin is logic 
LOW.
1: P1.n Port pin is logic 
HIGH.
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SFR Address = 0xD5

SFR Address = 0xA0; Bit-Addressable

SFR Definition 20.14. P1SKIP: Port 1 Skip

Bit 7 6 5 4 3 2 1 0

Name P1SKIP[6:0]

Type R R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 Unused Unused. Read = 0b; Write = Don’t Care.

6:0 P1SKIP[6:0] Port 1 Crossbar Skip Enable Bits.

These bits select Port 1 pins to be skipped by the Crossbar Decoder. Port pins 
used for analog, special functions or GPIO should be skipped by the Crossbar.
0: Corresponding P1.n pin is not skipped by the Crossbar.
1: Corresponding P1.n pin is skipped by the Crossbar.

SFR Definition 20.15. P2: Port 2

Bit 7 6 5 4 3 2 1 0

Name P2[0]

Type R R R R R R R R/W

Reset 0 0 0 0 0 0 0 1

Bit Name Description Write Read

7:1 Unused Unused. Don’t Care 000000b

0 P2[0] Port 2 Data. 

Sets the Port latch logic 
value or reads the Port pin 
logic state in Port cells con-
figured for digital I/O.

0: Set output latch to logic 
LOW.
1: Set output latch to logic 
HIGH.

0: P2.0 Port pin is logic 
LOW.
1: P2.0 Port pin is logic 
HIGH.
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When the SMBTOE bit in SMB0CF is set, Timer 3 is used to detect SCL low timeouts. Timer 3 is forced to 
reload when SCL is high, and allowed to count when SCL is low. With Timer 3 enabled and configured to 
overflow after 25 ms (and SMBTOE set), the Timer 3 interrupt service routine can be used to reset (disable 
and re-enable) the SMBus in the event of an SCL low timeout.

21.3.5. SCL High (SMBus Free) Timeout

The SMBus specification stipulates that if the SCL and SDA lines remain high for more that 50 µs, the bus 
is designated as free. When the SMBFTE bit in SMB0CF is set, the bus will be considered free if SCL and 
SDA remain high for more than 10 SMBus clock source periods (as defined by the timer configured for the 
SMBus clock source). If the SMBus is waiting to generate a Master START, the START will be generated 
following this timeout. A clock source is required for free timeout detection, even in a slave-only implemen-
tation.

21.4.  Using the SMBus
The SMBus can operate in both Master and Slave modes. The interface provides timing and shifting con-
trol for serial transfers; higher level protocol is determined by user software. The SMBus interface provides 
the following application-independent features:

 Byte-wise serial data transfers

 Clock signal generation on SCL (Master Mode only) and SDA data synchronization

 Timeout/bus error recognition, as defined by the SMB0CF configuration register

 START/STOP timing, detection, and generation

 Bus arbitration

 Interrupt generation

 Status information

 Optional hardware recognition of slave address and automatic acknowledgement of address/data

SMBus interrupts are generated for each data byte or slave address that is transferred. When hardware 
acknowledgement is disabled, the point at which the interrupt is generated depends on whether the hard-
ware is acting as a data transmitter or receiver. When a transmitter (i.e., sending address/data, receiving 
an ACK), this interrupt is generated after the ACK cycle so that software may read the received ACK value; 
when receiving data (i.e., receiving address/data, sending an ACK), this interrupt is generated before the 
ACK cycle so that software may define the outgoing ACK value. If hardware acknowledgement is enabled, 
these interrupts are always generated after the ACK cycle. See Section 21.5 for more details on transmis-
sion sequences.

Interrupts are also generated to indicate the beginning of a transfer when a master (START generated), or 
the end of a transfer when a slave (STOP detected). Software should read the SMB0CN (SMBus Control 
register) to find the cause of the SMBus interrupt. The SMB0CN register is described in Section 21.4.2; 
Table 21.5 provides a quick SMB0CN decoding reference.

21.4.1. SMBus Configuration Register

The SMBus Configuration register (SMB0CF) is used to enable the SMBus Master and/or Slave modes, 
select the SMBus clock source, and select the SMBus timing and timeout options. When the ENSMB bit is 
set, the SMBus is enabled for all master and slave events. Slave events may be disabled by setting the 
INH bit. With slave events inhibited, the SMBus interface will still monitor the SCL and SDA pins; however, 
the interface will NACK all received addresses and will not generate any slave interrupts. When the INH bit 
is set, all slave events will be inhibited following the next START (interrupts will continue for the duration of 
the current transfer).
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Table 21.6. SMBus Status Decoding With Hardware ACK Generation Enabled 
(EHACK = 1)  
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Figure 24.1. T0 Mode 0 Block Diagram

24.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The 
counter/timers are enabled and configured in Mode 1 in the same manner as for Mode 0. 
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SFR Address = 0x88; Bit-Addressable 

SFR Definition 24.2. 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 15.5).
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 15.5).
0: INT0 is level triggered.
1: INT0 is edge triggered.
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24.3.  Timer 3
Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may 
operate in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T3SPLIT bit (TMR3CN.3) defines 
the Timer 3 operation mode.

Timer 3 may be clocked by the system clock, the system clock divided by 12, the external oscillator source 
divided by 8, or the internal low-frequency oscillator divided by 8. The external clock mode is ideal for real-
time clock (RTC) functionality, where the internal high-frequency oscillator drives the system clock while 
Timer 3 is clocked by an external oscillator source. Note that the external oscillator source divided by 8 and 
the LFO source divided by 8 are synchronized with the system clock when in all operating modes except 
suspend. When the internal oscillator is placed in suspend mode, The external clock/8 signal or the LFO/8 
output can directly drive the timer. This allows the use of an external clock or the LFO to wake up the 
device from suspend mode. The timer will continue to run in suspend mode and count up. When the timer 
overflow occurs, the device will wake from suspend mode, and begin executing code again. The timer 
value may be set prior to entering suspend, to overflow in the desired amount of time (number of clocks) to 
wake the device. If a wake-up source other than the timer wakes the device from suspend mode, it may 
take up to three timer clocks before the timer registers can be read or written. During this time, the 
STSYNC bit in register OSCICN will be set to 1, to indicate that it is not safe to read or write the timer reg-
isters.

Important Note: In internal LFO/8 mode, the divider for the internal LFO must be set to 1 for proper 
functionality. The timer will not operate if the LFO divider is not set to 1.

24.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is zero, Timer 3 operates as a 16-bit timer with auto-reload. Timer 3 can be 
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the 
16-bit timer register increments and overflows from 0xFFFF to 0x0000, the 16-bit value in the Timer 3 
reload registers (TMR3RLH and TMR3RLL) is loaded into the Timer 3 register as shown in Figure 24.7, 
and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled (if EIE1.7 is 
set), an interrupt will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled 
and the TF3LEN bit is set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TMR3L) 
overflow from 0xFF to 0x00.

Figure 24.7. Timer 3 16-Bit Mode Block Diagram
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24.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 24.8. TMR3RLL holds the reload value for TMR3L; TMR3RLH 
holds the reload value for TMR3H. The TR3 bit in TMR3CN handles the run control for TMR3H. TMR3L is 
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, the external oscillator clock 
source divided by 8, or the internal Low-frequency Oscillator. The Timer 3 Clock Select bits (T3MH and 
T3ML in CKCON) select either SYSCLK or the clock defined by the Timer 3 External Clock Select bits 
(T3XCLK[1:0] in TMR3CN), as follows:

The TF3H bit is set when TMR3H overflows from 0xFF to 0x00; the TF3L bit is set when TMR3L overflows 
from 0xFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each 
time either TMR3L or TMR3H overflows. When TF3LEN is enabled, software must check the TF3H and 
TF3L flags to determine the source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not 
cleared by hardware and must be manually cleared by software.

Figure 24.8. Timer 3 8-Bit Mode Block Diagram
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25.  Programmable Counter Array

The Programmable Counter Array (PCA0) provides enhanced timer functionality while requiring less CPU 
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer 
and three 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line 
(CEXn) which is routed through the Crossbar to Port I/O when enabled. The counter/timer is driven by a 
programmable timebase that can select between six sources: system clock, system clock divided by four, 
system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0 overflows, or an 
external clock signal on the ECI input pin. Each capture/compare module may be configured to operate 
independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output, Fre-
quency Output, 8 to 11-Bit PWM, or 16-Bit PWM (each mode is described in Section 
“25.3. Capture/Compare Modules” on page 194). The external oscillator clock option is ideal for real-time 
clock (RTC) functionality, allowing the PCA to be clocked by a precision external oscillator while the inter-
nal oscillator drives the system clock. The PCA is configured and controlled through the system controller's 
Special Function Registers. The PCA block diagram is shown in Figure 25.1

Important Note: The PCA Module 2 may be used as a watchdog timer (WDT), and is enabled in this mode 
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled. 
See Section 25.4 for details.

Figure 25.1. PCA Block Diagram
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C2 Address: 0xBF

C2 Address: 0xB7

C2 Register Definition 26.6. EPDAT: C2 EPROM Data

Bit 7 6 5 4 3 2 1 0

Name EPDAT[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 EPDAT[7:0] C2 EPROM Data Register.

This register is used to pass EPROM data during C2 EPROM operations.

C2 Register Definition 26.7. EPSTAT: C2 EPROM Status

Bit 7 6 5 4 3 2 1 0

Name WRLOCK RDLOCK ERROR

Type R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 WRLOCK Write Lock Indicator.

Set to '1' if EPADDR currently points to a write-locked address.

6 RDLOCK Read Lock Indicator.

Set to '1' if EPADDR currently points to a read-locked address.

5:1 Unused Unused. Read = 00000b; Write = don’t care.

0 ERROR Error Indicator.

Set to '1' if last EPROM read or write operation failed due to a security restriction.


