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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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includes software with a developer's studio and debugger, a USB debug adapter, a target application 
board with the associated MCU installed, and the required cables and wall-mount power supply. The 
development kit requires a computer with Windows installed. As shown in Figure 1.5, the PC is connected 
to the USB debug adapter. A six-inch ribbon cable connects the USB debug adapter to the user's applica-
tion board, picking up the two C2 pins and GND. 

The Silicon Laboratories IDE interface is a vastly superior developing and debugging configuration, com-
pared to standard MCU emulators that use on-board "ICE Chips" and require the MCU in the application 
board to be socketed. Silicon Laboratories’ debug paradigm increases ease of use and preserves the per-
formance of the precision analog peripherals.

Figure 1.5. Development/In-System Debug Diagram
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1.3.  On-Chip Memory
The CIP-51 has a standard 8051 program and data address configuration. It includes 256 bytes of data 
RAM, with the upper 128 bytes dual-mapped. Indirect addressing accesses the upper 128 bytes of general 
purpose RAM, and direct addressing accesses the 128 byte SFR address space. The lower 128 bytes of 
RAM are accessible via direct and indirect addressing. The first 32 bytes are addressable as four banks of 
general purpose registers, and the next 16 bytes can be byte addressable or bit addressable.

Program memory consists of 7680 bytes (’F520/0A/1/1A and ’F530/0A/1/1A), 4 kB (’F523/3A/4/4A and 
C8051F53x/53xA), or 2 kB (’F526/6A/7/7A and ’F536/6A/7/7A) of Flash. This memory is byte writable and 
erased in 512-byte sectors, and requires no special off-chip programming voltage.

Figure 1.6. Memory Map
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Table 2.6. Voltage Regulator Electrical Specifications
VDD = 2.1 or 2.6 V; –40 to +125 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Input Voltage Range (VREGIN) C8051F52x/53x
C8051F52xA/53xA

VDD connected to VREGIN
VDD not connected to VREGIN

C8051F52x-C/53x-C
VDD connected to VREGIN
VDD not connected to VREGIN

2.71

1.8
2.22

2.0
2.22

—

—
—

—
—

5.25

2.7
5.25

2.75
5.25

V

Dropout Voltage (VDO) Output Current = 1-50 mA — 10 — mV/mA

Output Voltage (VDD) Output Current = 1 to 50 mA
REG0MD = 0
REG0MD = 1

2.0
2.5

2.1
2.6

2.25
2.75

V

Bias Current 2.1 V operation  
(REG0MD = 0; T = 25 °C)
2.6 V operation  
(REG0MD = 1; T = 25 °C)

—

—

1

1

5

5

µA

Dropout Indicator Detection 
Threshold

— 75 — mV

Output Voltage Temperature 
Coefficient

— 0.25 — mV/ºC

VREG Settling Time 50 mA load with VREGIN = 2.4 V and 
VDD load capacitor of 4.8 µF

— 250 — µs

Notes:
1. The minimum input voltage is 2.7 V or VDD + VDO(max load), whichever is greater.
2. The minimum input voltage is 2.2 V or VDD + VDO(max load), whichever is greater.



C8051F52x/F52xA/F53x/F53xA

Rev. 1.4 33

Table 2.9. Flash Electrical Characteristics
VDD = 1.8 to 2.75 V; –40 to +125 ºC unless otherwise specified

Parameter Conditions Min Typ Max Units

Flash Size ’F520/0A/1/1A and ’F530/0A/1/1A
’F523/3A/4/4A and ’F533/3A/4/4A
’F526/6A/7/7A and ’F536/6A/7/7A

7680
4096
2048

— — bytes

Endurance2 VDD ≥ VRST-HIGH
1 20 k 150 k — Erase/Write

Erase Cycle Time 27 32 38 ms

Write Cycle Time 57 65 74 µs

VDD Write/Erase Operations VRST-HIGH
1 — — V

Notes:
1. See Table 2.8 on page 32 for the VRST-HIGH specification.
2. For –I (industrial Grade) parts, flash should be programmed (erase/write) at a minimum temperature of 0 °C 

for reliable flash operation across the entire temperature range of –40 to +125 °C. This minimum 
programming temperature does not apply to –A (Automotive Grade) parts.

Table 2.10. Port I/O DC Electrical Characteristics
VREGIN = 2.7 to 5.25 V, –40 to +125 °C unless otherwise specified

Parameters Conditions Min Typ Max Units

Output High 
Voltage

IOH = –3 mA, Port I/O push-pull
IOH = –10 µA, Port I/O push-pull
IOH = –10 mA, Port I/O push-pull

VREGIN – 0.4
VREGIN – 0.02

—

—
—

VREGIN – 0.7 

—
—
—

V

Output Low 
Voltage

VREGIN = 2.7 V:
IOL = 70 µA
IOL = 8.5 mA

VREGIN = 5.25 V:
IOL = 70 µA
IOL = 8.5 mA

—
—

—
—

—
—

—
—

45
550

40
400

mV

Input High 
Voltage

VREGIN x 0.7 — — V

Input Low  
Voltage

— — VREGIN x 
0.3

V

Input 
Leakage  
Current

Weak Pullup Off

C8051F52xA/53xA:
Weak Pullup On, VIN = 0 V; VREGIN = 1.8 V

C8051F52x/52xA/53x/53xA:
Weak Pullup On, VIN = 0 V; VREGIN = 2.7 V
Weak Pullup On, VIN = 0 V; VREGIN = 5.25 V

—

—

—
—

—

5

20
65

±2

15

50
115

µA
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Table 3.7. Pin Definitions for the C8051F53x and C805153xA (QFN 20) 

Name Pin Numbers Type Description

‘F53xA

‘F53x-C

‘F53x

RST/

C2CK

1 1 D I/O

D I/O

Device Reset. Open-drain output of internal POR or VDD monitor. 
An external source can initiate a system reset by driving this pin 
low for at least the minimum RST low time to generate a system 
reset, as defined in Table 2.8 on page 32. A 1 kΩ pullup to 
VREGIN is recommended. See Reset Sources Section for a com-
plete description.

Clock signal for the C2 Debug Interface.

P0.0/

VREF

2 2 D I/O or 
A In

A O or
D In

Port 0.0. See Port I/O Section for a complete description.

External VREF Input. See VREF Section.

GND 3 3 Ground.

VDD 4 4 Core Supply Voltage.

VREGIN 5 5 On-Chip Voltage Regulator Input.

P1.7 6 6 D I/O or
A In

Port 1.7. See Port I/O Section for a complete description.

P1.6 7 7 D I/O or
A In

Port 1.6. See Port I/O Section for a complete description.

P1.5 8 8 D I/O or
A In

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

P1.4 9 9 D I/O or
A In

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

P1.3 10 10 D I/O or
A In

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

P1.2/

CNVSTR

11 11 D I/O or
A In

D In

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

External Converter start input for the ADC0, see Section “4. 12-
Bit ADC (ADC0)” on page 52 for a complete description.

P1.1 12 12 D I/O or
A In

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

Note: Please refer to Section “20. Device Specific Behavior” on page 210.
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Important Note About the VREF Pin: Port pin P0.0 is used as the external VREF input and as an output for 
the internal VREF. When using either an external voltage reference or the internal reference circuitry, P0.0 
should be configured as an analog pin, and skipped by the Digital Crossbar. To configure P0.0 as an ana-
log pin, clear Bit 0 in register P0MDIN to 0. To configure the Crossbar to skip P0.0, set Bit 0 in register 
P0SKIP to 1. Refer to Section “13. Port Input/Output” on page 120 for complete Port I/O configuration 
details. 

The TEMPE bit in register REF0CN enables/disables the temperature sensor. While disabled, the tem-
perature sensor defaults to a high impedance state and any ADC0 measurements performed on the sen-
sor result in meaningless data.

SFR Definition 5.1. REF0CN: Reference Control

Bits7–6: RESERVED. Read = 00b. Must write 00b.
Bit5: ZTCEN: Zero-TempCo Bias Enable Bit*.

0: ZeroTC Bias Generator automatically enabled when needed.
1: ZeroTC Bias Generator forced on.

Bit4: REFLV: Voltage Reference Output Level Select.
This bit selects the output voltage level for the internal voltage reference.
0: Internal voltage reference set to 1.5 V.
1: Internal voltage reference set to 2.2 V.

Bit3: REFSL: Voltage Reference Select.
This bit selects the source for the internal voltage reference.
0: VREF pin used as voltage reference.
1: VDD used as voltage reference.

Bit2: TEMPE: Temperature Sensor Enable Bit.
0: Internal Temperature Sensor off.
1: Internal Temperature Sensor on.

Bit1: BIASE: Internal Analog Bias Generator Enable Bit.
0: Internal Analog Bias Generator automatically enabled when needed.
1: Internal Analog Bias Generator on.

Bit0: REFBE: Internal Reference Buffer Enable Bit.
0: Internal Reference Buffer disabled.
1: Internal Reference Buffer enabled. Internal voltage reference driven on the VREF pin.

*Note: See Section “20.7. Internal Oscillator Suspend Mode” on page 212 for a note related to the ZTCEN bit in 
older silicon revisions.

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

Reserved Reserved ZTCEN REFLV REFSL TEMPE BIASE REFBE 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xD1
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8.  CIP-51 Microcontroller

The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the 
MCS-51™ instruction set. Standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The C8051F52x/F52xA/F53x/F53xA family has a superset of all the peripherals included with a stan-
dard 8051. See Section “1. System Overview” on page 13 for more information about the available 
peripherals. The CIP-51 includes on-chip debug hardware which interfaces directly with the analog and 
digital subsystems, providing a complete data acquisition or control-system solution in a single integrated 
circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as 
additional custom peripherals and functions to extend its capability (see Figure 8.1 for a block diagram). 
The CIP-51 core includes the following features:

Figure 8.1. CIP-51 Block Diagram
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8.1.2. MOVX Instruction and Program Memory 

The MOVX instruction is typically used to access data stored in XDATA memory space. In the CIP-51, the 
MOVX instruction can also be used to write or erase on-chip program memory space implemented as re-
programmable Flash memory. The Flash access feature provides a mechanism for the CIP-51 to update 
program code and use the program memory space for non-volatile data storage. Refer to Section 
“12. Flash Memory” on page 113 for further details.

Table 8.1. CIP-51 Instruction Set Summary 

Mnemonic Description Bytes Clock 
Cycles

Arithmetic Operations

ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @Ri Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @Ri Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @Ri Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1

Logical Operations

ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @Ri AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @Ri OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
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10.4.  Interrupt Register Descriptions
The SFRs used to enable the interrupt sources and set their priority level are described below. Refer to the 
data sheet section associated with a particular on-chip peripheral for information regarding valid interrupt 
conditions for the peripheral and the behavior of its interrupt-pending flag(s).

SFR Definition 10.1. IE: Interrupt Enable

Bit7: EA: Global Interrupt Enable.
This bit globally enables/disables all interrupts. It overrides the individual interrupt mask set-
tings.
0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

Bit6: ESPI0: Enable Serial Peripheral Interface (SPI0) Interrupt.
This bit sets the masking of the SPI0 interrupts.
0: Disable all SPI0 interrupts.
1: Enable interrupt requests generated by SPI0.

Bit5: 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.

Bit4: ES0: Enable UART0 Interrupt.
This bit sets the masking of the UART0 interrupt.
0: Disable UART0 interrupt.
1: Enable UART0 interrupt.

Bit3: 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.

Bit2: EX1: Enable External Interrupt 1. 
This bit sets the masking of the external interrupt 1.    
0: Disable external interrupt 1.
1: Enable extern interrupt 1 requests.

Bit1: 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.

Bit0: EX0: Enable External Interrupt 0. 
This bit sets the masking of the external interrupt 0.    
0: Disable external interrupt 0.
1: Enable extern interrupt 0 requests.

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

EA ESPI0 ET2 ES0 ET1 EX1 ET0 EX0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xA8



C8051F52x/F52xA/F53x/F53xA

131 Rev. 1.4

SFR Definition 13.7. P0MAT: Port0 Match

SFR Definition 13.8. P0MASK: Port0 Mask

Bits7–0: P0MAT[7:0]: Port0 Match Value.
These bits control the value that unmasked P0 Port pins are compared against. A Port 
Match event is generated if (P0 & P0MASK) does not equal (P0MAT & P0MASK).

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

11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xD7

Bits7–0: P0MASK[7:0]: Port0 Mask Value.
These bits select which Port pins will be compared to the value stored in P0MAT.
0: Corresponding P0.n pin is ignored and cannot cause a Port Match event.
1: Corresponding P0.n pin is compared to the corresponding bit in P0MAT.

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

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xC7
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SFR Definition 13.9. P1: Port1

SFR Definition 13.10. P1MDIN: Port1 Input Mode

Bits7–0: P1.[7:0]
Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P1MDOUT.n bit = 0).
Read - Always reads 0 if selected as analog input in register P1MDIN. Directly reads Port 
pin when configured as digital input.
0: P1.n pin is logic low.
1: P1.n pin is logic high.

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

P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0 11111111

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0x90

Bits7–0: Analog Input Configuration Bits for P1.7–P1.0 (respectively).
Port pins configured as analog inputs have their weak pullup, digital driver, and digital 
receiver disabled. 
0: Corresponding P1.n pin is configured as an analog input.
1: Corresponding P1.n pin is not configured as an analog input.

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

11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xF2



C8051F52x/F52xA/F53x/F53xA

Rev. 1.4 143

14.3.  System Clock Selection
The internal oscillator requires little start-up time and may be selected as the system clock immediately fol-
lowing the OSCICN write that enables the internal oscillator. External crystals and ceramic resonators typ-
ically require a start-up time before they are settled and ready for use. The Crystal Valid Flag (XTLVLD in 
register OSCXCN) is set to 1 by hardware when the external oscillator is settled. To avoid reading a false 
XTLVLD in crystal mode, the software should delay at least 1 ms between enabling the external 
oscillator and checking XTLVLD. RC and C modes typically require no startup time.

The CLKSL bit in register CLKSEL selects which oscillator source is used as the system clock. CLKSL 
must be set to 1 for the system clock to run from the external oscillator; however the external oscillator may 
still clock certain peripherals (timers, PCA) when another oscillator is selected as the system clock. The 
system clock may be switched on-the-fly between the internal oscillator and external oscillator, as long as 
the selected clock source is enabled and has settled.

SFR Definition 14.5. CLKSEL: Clock Select

Bits7–6: Unused. Read = 00b; Write = don’t care.
Bits5–4: Reserved. Read = 00b; Must write 00b.
Bit3: Unused. Read = 0b; Write = don’t care.
Bits2–1: Reserved. Read = 00b; Must write 00b.
Bit0: CLKSL: System Clock Select

0: Internal Oscillator (as determined by the IFCN bits in register OSCICN).
1: External Oscillator.

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

- - Reserved Reserved - Reserved Reserved CLKSL 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xA9
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16.  Enhanced Serial Peripheral Interface (SPI0)

The Serial Peripheral Interface (SPI0) provides access to a flexible, full-duplex synchronous serial bus. 
SPI0 can operate as a master or slave device in both 3-wire or 4-wire modes, and supports multiple mas-
ters and slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input to select 
SPI0 in slave mode, or to disable Master Mode operation in a multi-master environment, avoiding conten-
tion on the SPI bus when more than one master attempts simultaneous data transfers. NSS can also be 
configured as a chip-select output in master mode, or disabled for 3-wire operation. Additional general pur-
pose port I/O pins can be used to select multiple slave devices in master mode.

Figure 16.1. SPI Block Diagram
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SFR Definition 16.2. SPI0CN: SPI0 Control

Bit7: SPIF: SPI0 Interrupt Flag.
This bit is set to logic 1 by hardware at the end of a data transfer. If interrupts are enabled, 
setting this bit causes the CPU to vector to the SPI0 interrupt service routine. This bit is not 
automatically cleared by hardware. It must be cleared by software. 

Bit6: WCOL: Write Collision Flag. 
This bit is set to logic 1 by hardware (and generates a SPI0 interrupt) if a write to SPI0DAT is 
attempted when the transmit buffer has not been emptied to the SPI shift register. When this 
occurs, the write to SPI0DAT will be ignored, and the transmit buffer will not be written. This 
bit is not automatically cleared by hardware. It must be cleared by software.

Bit5: MODF: Mode Fault Flag.
This bit is set to logic 1 by hardware (and generates a SPI0 interrupt) when a master mode 
collision is detected (NSS is low, MSTEN = 1, and NSSMD[1:0] = 01). This bit is not auto-
matically cleared by hardware. It must be cleared by software.

Bit4: RXOVRN: Receive Overrun Flag (Slave Mode only).
This bit is set to logic 1 by hardware (and generates a SPI0 interrupt) when the receive buf-
fer still holds unread data from a previous transfer and the last bit of the current transfer is 
shifted into the SPI0 shift register. This bit is not automatically cleared by hardware. It must 
be cleared by software.

Bits3–2: NSSMD1–NSSMD0: Slave Select Mode.
Selects between the following NSS operation modes: 
(See Section “16.2. SPI0 Master Mode Operation” on page 153 and Section “16.3. SPI0 
Slave Mode Operation” on page 154).
00: 3-Wire Slave or 3-wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode (Default). NSS is always an input to the device.
1x: 4-Wire Single-Master Mode. NSS signal is mapped as an output from the device and will 
assume the value of NSSMD0.

Bit1: TXBMT: Transmit Buffer Empty.
This bit will be set to logic 0 when new data has been written to the transmit buffer. When 
data in the transmit buffer is transferred to the SPI shift register, this bit will be set to logic 1, 
indicating that it is safe to write a new byte to the transmit buffer.

Bit0: SPIEN: SPI0 Enable. 
This bit enables/disables the SPI.
0: SPI disabled.
1: SPI enabled.

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

SPIF WCOL MODF RXOVRN NSSMD1 NSSMD0 TXBMT SPIEN 00000110

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xF8



C8051F52x/F52xA/F53x/F53xA

Rev. 1.4 163

Table 16.1. SPI Slave Timing Parameters

Parameter Description Min Max Units

Master Mode Timing* (See Figure 16.6 and Figure 16.7)

TMCKH
SCK High Time 1 x TSYSCLK — ns

TMCKL
SCK Low Time 1 x TSYSCLK — ns

TMIS
MISO Valid to SCK Sample Edge 20 — ns

TMIH
SCK Sample Edge to MISO Change 0 — ns

Slave Mode Timing* (See Figure 16.8 and Figure 16.9)

TSE
NSS Falling to First SCK Edge 2 x TSYSCLK — ns

TSD
Last SCK Edge to NSS Rising 2 x TSYSCLK — ns

TSEZ
NSS Falling to MISO Valid — 4 x TSYSCLK ns

TSDZ
NSS Rising to MISO High-Z — 4 x TSYSCLK ns

TCKH
SCK High Time 5 x TSYSCLK — ns

TCKL
SCK Low Time 5 x TSYSCLK — ns

TSIS
MOSI Valid to SCK Sample Edge 2 x TSYSCLK — ns

TSIH
SCK Sample Edge to MOSI Change 2 x TSYSCLK — ns

TSOH
SCK Shift Edge to MISO Change — 4 x TSYSCLK ns

Note: TSYSCLK is equal to one period of the device system clock (SYSCLK) in ns.  
The maximum possible frequency of the SPI can be calculated as: 
Transmission: SYSCLK/2 
Reception: SYSCLK/10
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clocked by the system clock. When T0M is cleared, Timer 0 is clocked by the source selected by the Clock 
Scale bits in CKCON (see SFR Definition 18.3).

Setting the TR0 bit (TCON.4) enables the timer when either GATE0 (TMOD.3) is logic 0 or the input signal 
INT0 is active as defined by bit IN0PL in register IT01CF (see SFR Definition 10.5. IT01CF: INT0/INT1 
Configuration). Setting GATE0 to 1 allows the timer to be controlled by the external input signal INT0 (see 
Section “10.4. Interrupt Register Descriptions” on page 100), facilitating pulse width measurements.

Setting TR0 does not force the timer to reset. The timer registers should be loaded with the desired initial 
value before the timer is enabled.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TL0 and TH0. 
Timer 1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The 
input signal INT0 is used with Timer 1; the INT0 polarity is defined by bit IN1PL in register IT01CF (see
SFR Definition 10.5. IT01CF: INT0/INT1 Configuration).

Figure 18.1. T0 Mode 0 Block Diagram
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SFR Definition 18.9. TMR2RLL: Timer 2 Reload Register Low Byte

SFR Definition 18.10. TMR2RLH: Timer 2 Reload Register High Byte

SFR Definition 18.11. TMR2L: Timer 2 Low Byte

SFR Definition 18.12. TMR2H Timer 2 High Byte

Bits7–0: TMR2RLL: Timer 2 Reload Register Low Byte. 
TMR2RLL holds the low byte of the reload value for Timer 2. 

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

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xCA

Bits7–0: TMR2RLH: Timer 2 Reload Register High Byte. 
The TMR2RLH holds the high byte of the reload value for Timer 2.

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

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xCB

Bits7–0: TMR2L: Timer 2 Low Byte.
In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-bit mode, 
TMR2L contains the 8-bit low byte timer value.

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

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xCC

Bits7–0: TMR2H: Timer 2 High Byte.
In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-bit 
mode, TMR2H contains the 8-bit high byte timer value.

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

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xCD
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19.2.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated 
CEXn pin. The capture/compare module high byte holds the number of PCA clocks to count before the out-
put is toggled. The frequency of the square wave is then defined by Equation 19.1.

Equation 19.1. Square Wave Frequency Output

Where FPCA is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register, PCA0MD. 
The lower byte of the capture/compare module is compared to the PCA counter low byte; on a match, 
CEXn is toggled and the offset held in the high byte is added to the matched value in PCA0CPLn. Fre-
quency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCA0CPMn register.

Figure 19.7. PCA Frequency Output Mode
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