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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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1.  System Overview

The C8051F52x/F52xA/F53x/F53xA family of devices are fully integrated, low power, mixed-signal system-
on-a-chip MCUs. Highlighted features are listed below. Refer to Table 1.1 for specific product feature 
selection.

 High-speed pipelined 8051-compatible microcontroller core (up to 25 MIPS)

 In-system, full-speed, non-intrusive debug interface (on-chip)

 True 12-bit 200 ksps ADC with analog multiplexer and up to 16 analog inputs

 Precision programmable 24.5 MHz internal oscillator that is within ±0.5% across the temperature range 
and for VDD voltages greater than or equal to the on-chip voltage regulator minimum output at the low 
setting. The oscillator is within +1.0% for VDD voltages below this minimum output setting.

 Up to 7680 bytes of on-chip Flash memory

 256 bytes of on-chip RAM

 Enhanced UART, and SPI serial interfaces implemented in hardware

 LIN 2.1 peripheral (fully backwards compatible, master and slave modes)

 Three general-purpose 16-bit timers

 Programmable Counter/Timer Array (PCA) with three capture/compare modules and Watchdog Timer 
function

 On-chip Power-On Reset, VDD Monitor, and Temperature Sensor

 On-chip Voltage Comparator

 Up to 16 Port I/O

With on-chip Power-On Reset, VDD monitor, Watchdog Timer, and clock oscillator, the 
C8051F52x/F52xA/F53x/F53xA devices are truly standalone system-on-a-chip solutions. The Flash mem-
ory is byte writable and can be reprogrammed in-circuit, providing non-volatile data storage, and also 
allowing field upgrades of the 8051 firmware. User software has complete control of all peripherals, and 
may individually shut down any or all peripherals for power savings.

The on-chip Silicon Laboratories 2-Wire (C2) Development Interface allows non-intrusive (uses no on-chip 
resources), full speed, in-circuit debugging using the production MCU installed in the final application. This 
debug logic supports inspection and modification of memory and registers, setting breakpoints, single 
stepping, run and halt commands. All analog and digital peripherals are fully functional while debugging 
using C2. The two C2 interface pins can be shared with user functions, allowing in-system programming 
and debugging without occupying package pins.

Each device is specified for 2.0 to 5.25 V operation (supply voltage can be up to 5.25 V using on-chip reg-
ulator) over the automotive temperature range (–40 to +125 °C). The F52x/F52xA is available in the 
DFN10 (3 x 3 mm) package. The F53x/F53xA is available in the QFN20 (4 x 4 mm) or the TSSOP20 pack-
age.
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Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)

Idle IDD
3,4 VDD = 2.1 V:

Clock = 32 kHz
Clock = 200 kHz
Clock = 1 MHz
Clock = 25 MHz

VDD = 2.6 V:
Clock = 32 kHz
Clock = 200 kHz
Clock = 1 MHz
Clock = 25 MHz

—
—
—
—

—
—
—
—

8
22

0.09
2.2

9
30

0.13
3

—
—
—
5

—
—
—
6.5

µA
µA
mA
mA

µA
µA
mA
mA

Idle IDD Frequency Sensitivity3,6 T = 25 °C:
VDD = 2.1 V, F < 1 MHz
VDD = 2.1 V, F > 1 MHz
VDD = 2.6 V, F < 1 MHz
VDD = 2.6 V, F > 1 MHz

—
—
—
—

90
90
118
118

—
—
—
—

µA/MHz
µA/MHz
µA/MHz
µA/MHz

Digital Supply Current3

(Stop or Suspend Mode)
Oscillator not running,
VDD Monitor Disabled.
T = 25 °C
T = 60 °C
T = 125 °C

—
—
—

2
3
50

—
—
—

µA
µA
µA

Table 2.2. Global DC Electrical Characteristics
–40 to +125 °C, 25 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

Parameter Conditions Min Typ Max Units

Notes:
1. For more information on VREGIN characteristics, see Table 2.6 on page 30.
2. SYSCLK must be at least 32 kHz to enable debugging.
3. Based on device characterization data; Not production tested.
4. Does not include internal oscillator or internal regulator supply current.
5. IDD can be estimated for frequencies <= 12 MHz by multiplying the frequency of interest by the frequency 

sensitivity number for that range. When using these numbers to estimate IDD > 12 MHz, the estimate should be 
the current at 25 MHz minus the difference in current indicated by the frequency sensitivity number. For 
example: VDD = 2.6 V; F= 20 MHz, IDD = 7.3 mA – (25 MHz – 20 MHz) x 0.184 mA/MHz = 6.38 mA.

6. Idle IDD can be estimated for frequencies <= 1 MHz by multiplying the frequency of interest by the frequency 
sensitivity number for that range. When using these numbers to estimate IDD > 1 MHz, the estimate should be 
the current at 25 MHz minus the difference in current indicated by the frequency sensitivity number. For 
example: VDD = 2.6 V; F= 5 MHz, Idle IDD = 3 mA – (25 MHz– 5 MHz) x 118 µA/MHz = 0.64 mA.
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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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Figure 3.9. QFN-20 Landing Diagram*

Note:  The Landing Dimensions are given in Table 3.9, “QFN-20 Landing Diagram Dimensions,” on page 51.
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4.3.  ADC0 Operation
In a typical system, ADC0 is configured using the following steps:

1. If a gain adjustment is required, refer to Section “4.4. Selectable Gain” on page 60.

2. Choose the start of conversion source.

3. Choose Normal Mode or Burst Mode operation.

4. If Burst Mode, choose the ADC0 Idle Power State and set the Power-Up Time.

5. Choose the tracking mode. Note that Pre-Tracking Mode can only be used with Normal Mode.

6. Calculate required settling time and set the post convert-start tracking time using the AD0TK bits.

7. Choose the repeat count.

8. Choose the output word justification (Right-Justified or Left-Justified).

9. Enable or disable the End of Conversion and Window Comparator Interrupts.

4.3.1. Starting a Conversion

A conversion can be initiated in one of four ways, depending on the programmed states of the ADC0 Start 
of Conversion Mode bits (AD0CM1–0) in register ADC0CN. Conversions may be initiated by one of the fol-
lowing: 

 Writing a 1 to the AD0BUSY bit of register ADC0CN 

 A rising edge on the CNVSTR input signal (pin P0.6)

 A Timer 1 overflow (i.e., timed continuous conversions)

 A Timer 2 overflow (i.e., timed continuous conversions) 

Writing a 1 to AD0BUSY provides software control of ADC0 whereby conversions are performed "on-
demand.” During conversion, the AD0BUSY bit is set to logic 1 and reset to logic 0 when the conversion is 
complete. The falling edge of AD0BUSY triggers an interrupt (when enabled) and sets the ADC0 interrupt 
flag (AD0INT). Note: When polling for ADC conversion completions, the ADC0 interrupt flag (AD0INT) 
should be used. Converted data is available in the ADC0 data registers, ADC0H:ADC0L, when bit AD0INT 
is logic 1. Note that when Timer 2 overflows are used as the conversion source, Low Byte overflows are 
used if Timer2 is in 8-bit mode; High byte overflows are used if Timer 2 is in 16-bit mode. See Section 
“18. Timers” on page 182 for timer configuration.

Important Note: The CNVSTR input pin also functions as Port pin P0.5 on C8051F52x/52xA devices and 
P1.2 on C8051F53x/53xA devices. When the CNVSTR input is used as the ADC0 conversion source, Port 
pin P0.5 or P1.2 should be skipped by the Digital Crossbar. To configure the Crossbar to skip P0.5 or P1.2, 
set to 1 to the appropriate bit in the PnSKIP register. See Section “13. Port Input/Output” on page 120 for 
details on Port I/O configuration.

4.3.2. Tracking Modes

Each ADC0 conversion must be preceded by a minimum tracking time for the converted result to be accu-
rate, as shown in Table 2.3 on page 28. ADC0 has three tracking modes: Pre-Tracking, Post-Tracking, and 
Dual-Tracking. Pre-Tracking Mode provides the minimum delay between the convert start signal and end 
of conversion by tracking continuously before the convert start signal. This mode requires software man-
agement in order to meet minimum tracking requirements. In Post-Tracking Mode, a programmable track-
ing time starts after the convert start signal and is managed by hardware. Dual-Tracking Mode maximizes 
tracking time by tracking before and after the convert start signal. Figure 4.3 shows examples of the three 
tracking modes.

Pre-Tracking Mode is selected when AD0TM is set to 10b. Conversions are started immediately following 
the convert start signal. ADC0 is tracking continuously when not performing a conversion. Software must 
allow at least the minimum tracking time between each end of conversion and the next convert start signal. 
The minimum tracking time must also be met prior to the first convert start signal after ADC0 is enabled.
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4.3.4. Burst Mode

Burst Mode is a power saving feature that allows ADC0 to remain in a very low power state between con-
versions. When Burst Mode is enabled, ADC0 wakes from a very low power state, accumulates 1, 4, 8, or 
16 samples using an internal Burst Mode Oscillator, then re-enters a very low power state. Since the Burst 
Mode clock is independent of the system clock, ADC0 can perform multiple conversions then enter a very 
low power state within a single system clock cycle, even if the system clock is slow (e.g. 32.768 kHz), or 
suspended.

Burst Mode is enabled by setting BURSTEN to logic 1. When in Burst Mode, AD0EN controls the ADC0 
idle power state (i.e., the state ADC0 enters when not tracking or performing conversions). If AD0EN is set 
to logic 0, ADC0 is powered down after each burst. If AD0EN is set to logic 1, ADC0 remains enabled after 
each burst. On each convert start signal, ADC0 is awakened from its Idle Power State. If ADC0 is powered 
down, it will automatically power up and wait the programmable Power-Up Time controlled by the 
AD0PWR bits. Otherwise, ADC0 will start tracking and converting immediately. Figure 4.5 shows an exam-
ple of Burst Mode Operation with a slow system clock and a repeat count of 4. 

Important Note: When Burst Mode is enabled, only Post-Tracking and Dual-Tracking modes can be used.

When Burst Mode is enabled, a single convert start will initiate a number of conversions equal to the repeat 
count. When Burst Mode is disabled, a convert start is required to initiate each conversion. In both modes, 
the ADC0 End of Conversion Interrupt Flag (AD0INT) will be set after “repeat count” conversions have 
been accumulated. Similarly, the Window Comparator will not compare the result to the greater-than and 
less-than registers until “repeat count” conversions have been accumulated.

Note: When using Burst Mode, care must be taken to issue a convert start signal no faster than once every 
four SYSCLK periods. This includes external convert start signals.
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SFR Definition 4.12. ADC0LTH: ADC0 Less-Than Data High Byte

SFR Definition 4.13. ADC0LTL: ADC0 Less-Than Data Low Byte

Bits7–0: High byte of ADC0 Less-Than Data Word.

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:

0xC6

Bits7–0: Low byte of ADC0 Less-Than Data Word.

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:

0xC5
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SFR Definition 7.3. CPT0MD: Comparator0 Mode Selection

Bit7: RESERVED. Read = 0b. Must write 0b.
Bit6: UNUSED. Read = 0b. Write = don’t care.
Bit5: CP0RIE: Comparator Rising-Edge Interrupt Enable.

0: Comparator rising-edge interrupt disabled.
1: Comparator rising-edge interrupt enabled.

Bit4: CP0FIE: Comparator Falling-Edge Interrupt Enable.
0: Comparator falling-edge interrupt disabled.
1: Comparator falling-edge interrupt enabled.
Note: It is necessary to enable both CP0xIE and the correspondent ECPx bit located in EIE1 
SFR.

Bits3–2: UNUSED. Read = 00b. Write = don’t care.
Bits1–0: CP0MD1–CP0MD0: Comparator0 Mode Select

These bits select the response time for Comparator0. 

Note: Rising Edge response times are approximately double the Falling Edge response 
times.

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

Reserved — CP0RIE CP0FIE — — CP0MD1 CP0MD0 00000010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9D

Mode CP0MD1 CP0MD0 CP0 Falling Edge Response 
Time (TYP)

0 0 0 Fastest Response Time
1 0 1 —
2 1 0 —
3 1 1 Lowest Power Consumption
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SFR Definition 8.5. ACC: Accumulator

SFR Definition 8.6. B: B Register

8.3.  Power Management Modes
The CIP-51 core has two software programmable power management modes: Idle and Stop. Idle mode 
halts the CPU while leaving the peripherals and internal clocks active. In Stop mode, the CPU is halted, all 
interrupts and timers (except the Missing Clock Detector) are inactive, and the internal oscillator is stopped 
(analog peripherals remain in their selected states; the external oscillator is not affected). Since clocks are 
running in Idle mode, power consumption is dependent upon the system clock frequency and the number 
of peripherals left in active mode before entering Idle. Stop mode consumes the least power. SFR Defini-
tion 8.7 describes the Power Control Register (PCON) used to control the CIP-51's power management 
modes.

Although the CIP-51 has Idle and Stop modes built in (as with any standard 8051 architecture), power 
management of the entire MCU is better accomplished by enabling/disabling individual peripherals as 
needed. Each analog peripheral can be disabled when not in use and placed in low power mode. Digital 
peripherals, such as timers or serial buses, draw little power when they are not in use. Turning off the oscil-
lators lowers power consumption considerably; however a reset is required to restart the MCU.

The C8051F52x/F52xA/F53x/F53xA devices feature a low-power SUSPEND mode, which stops the inter-
nal oscillator until a wakening event occurs. See Section “14.1.1. Internal Oscillator Suspend Mode” on 
page 136 for more information.

Bits7–0: ACC: Accumulator.
This register is the accumulator for arithmetic operations.

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

ACC.7 ACC.6 ACC.5 ACC.4 ACC.3 ACC.2 ACC.1 ACC.0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xE0

Bits7–0: B: B Register.
This register serves as a second accumulator for certain arithmetic operations.

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

B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xF0
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OSCICN 0xB2 Internal Oscillator Control 137

OSCXCN 0xB1 External Oscillator Control 142

P0 0x80 Port 0 Latch 129

P0MASK 0xC7 Port 0 Mask 131

P0MAT 0xD7 Port 0 Match 131

P0MDIN 0xF1 Port 0 Input Mode Configuration 129

P0MDOUT 0xA4 Port 0 Output Mode Configuration 130

P0SKIP 0xD4 Port 0 Skip 130

P1 0x90 Port 1 Latch 132

P1MASK 0xBF Port 1 Mask 134

P1MAT 0xCF Port 1 Match 134

P1MDIN 0xF2 Port 1 Input Mode Configuration 132

P1MDOUT 0xA5 Port 1 Output Mode Configuration 133

P1SKIP 0xD5 Port 1 Skip 133

PCA0CN 0xD8 PCA Control 206

PCA0CPH0 0xFC PCA Capture 0 High 209

PCA0CPH1 0xEA PCA Capture 1 High 209

PCA0CPH2 0xEC PCA Capture 2 High 209

PCA0CPL0 0xFB PCA Capture 0 Low 209

PCA0CPL1 0xE9 PCA Capture 1 Low 209

PCA0CPL2 0xEB PCA Capture 2 Low 209

PCA0CPM0 0xDA PCA Module 0 Mode 208

PCA0CPM1 0xDB PCA Module 1 Mode 208

PCA0CPM2 0xDC PCA Module 2 Mode 208

PCA0H 0xFA PCA Counter High 209

PCA0L 0xF9 PCA Counter Low 209

PCA0MD 0xD9 PCA Mode 207

PCON 0x87 Power Control 91

PSCTL 0x8F Program Store R/W Control 119

PSW 0xD0 Program Status Word 88

Table 9.2. Special Function Registers  (Continued)

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

Register Address Description Page
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SFR Definition 10.2. IP: Interrupt Priority

Bit7: UNUSED. Read = 1b; Write = don't care.
Bit6: PSPI0: Serial Peripheral Interface (SPI0) Interrupt Priority Control.

This bit sets the priority of the SPI0 interrupt.
0: SPI0 interrupt set to low priority level.
1: SPI0 interrupt set to high priority level.

Bit5: PT2: Timer 2 Interrupt Priority Control. 
This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority level.
1: Timer 2 interrupt set to high priority level. 

Bit4: PS0: UART0 Interrupt Priority Control. 
This bit sets the priority of the UART0 interrupt.    
0: UART0 interrupt set to low priority level.
1: UART0 interrupt set to high priority level.

Bit3: PT1: Timer 1 Interrupt Priority Control. 
This bit sets the priority of the Timer 1 interrupt.    
0: Timer 1 interrupt set to low priority level.
1: Timer 1 interrupt set to high priority level.

Bit2: PX1: External Interrupt 0 Priority Control. 
This bit sets the priority of the external interrupt 1.
0: INT1 interrupt set to low priority level.
1: INT1 interrupt set to high priority level.

Bit1: PT0: Timer 0 Interrupt Priority Control. 
This bit sets the priority of the Timer 0 interrupt.
0: Timer 0 interrupt set to low priority level.
1: Timer 0 interrupt set to high priority level.

Bit0: PX0: External Interrupt 0 Priority Control. 
This bit sets the priority of the external interrupt 0.
0: INT0 interrupt set to low priority level.
1: INT0 interrupt set to high priority level.

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

- PSPI0 PT2 PS0 PT1 PX1 PT0 PX0 10000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Bit 

Addressable

SFR Address: 0xB8
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11.1.  Power-On Reset
During power-up, the device is held in a reset state and the RST pin is driven low until VDD settles above 
VRST. VDD ramp time is defined as how fast VDD ramps from 0 V to VRST. An additional delay (TPORDelay) 
occurs before the device is released from reset. The VRST threshold and TPORDelay are specified in 
Table 2.8, “Reset Electrical Characteristics,” on page 32. Figure 11.2 plots the power-on and VDD monitor 
reset timing.

Note: Please refer to Section “20.4. VDD Monitors and VDD Ramp Time” on page 211 for definition of VRST and VDD 
ramp time in older silicon revisions A and B. 

On exit from a power-on reset, the PORSF flag (RSTSRC.1) is set by hardware to logic 1. When PORSF is 
set, all of the other reset flags in the RSTSRC Register are indeterminate (PORSF is cleared by all other 
resets). Since all resets cause program execution to begin at the same location (0x0000), software can 
read the PORSF flag to determine if a power-up was the cause of reset. The contents of internal data 
memory should be assumed to be undefined after a power-on reset. Both the VDD monitors (VDDMON0 
and VDDMON1) are enabled following a power-on reset.

Note: Please refer to Section “11.2.1. VDD Monitor Thresholds and Minimum VDD” on page 108 for 
recommendations related to minimum VDD. 

Figure 11.2. Power-On and VDD Monitor Reset Timing

Power-On 
Reset

VDD 
Monitor 
Reset

/RST

t

vo
lts

1.0

Logic HIGH

Logic LOW
TPORDelay

VDD

VRST

VDD



C8051F52x/F52xA/F53x/F53xA

123 Rev. 1.4

(F52x/F52xA) for the external CNVSTR signal, and any selected ADC or comparator inputs. The Crossbar 
skips selected pins as if they were already assigned, and moves to the next unassigned pin. Figure 13.3 
shows the Crossbar Decoder priority with no Port pins skipped (P0SKIP, P1SKIP); Figure 13.4 shows the 
Crossbar Decoder priority with the XTAL1 (P1.0) and XTAL2 (P1.1) pins skipped (P1SKIP = 0x03).

Important Note on UART Pins: On C8051F52xA/F52x-C/F53xA/F53x-C devices, the UART pins must be 
skipped if the UART is enabled in order for peripherals to appear on port pins beyond the UART on the 
crossbar. For example, with the SPI and UART enabled on the crossbar with the SPI on P1.0-P1.3, the 
UART pins must be skipped using P0SKIP for the SPI pins to appear correctly.

Figure 13.4. Crossbar Priority Decoder with Crystal Pins Skipped
(TSSOP 20 and QFN 20)

Note: 4-Wire SPI Only.

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

CP0

CP0A

/SYSCLK

CEX0

CEX1

CEX2

ECI

T0

T1

0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

Port pin potentially assignable to peripheral

Special Function Signals are not assigned by the crossbar. 
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Figure 13.5. Crossbar Priority Decoder with No Pins Skipped (DFN 10)

Note: 4-Wire SPI Only.
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15.1.  Enhanced Baud Rate Generation
The UART0 baud rate is generated by Timer 1 in 8-bit auto-reload mode. The TX clock is generated by 
TL1; the RX clock is generated by a copy of TL1 (shown as RX Timer in Figure 15.2), which is not user-
accessible. Both TX and RX Timer overflows are divided by two to generate the TX and RX baud rates. 
The RX Timer runs when Timer 1 is enabled, and uses the same reload value (TH1). However, an 
RX Timer reload is forced when a START condition is detected on the RX pin. This allows a receive to 
begin any time a START is detected, independent of the TX Timer state.

Figure 15.2. UART0 Baud Rate Logic

Timer 1 should be configured for Mode 2, 8-bit auto-reload (see Section “18.1.3. Mode 2: 8-bit 
Counter/Timer with Auto-Reload” on page 184). The Timer 1 reload value should be set so that overflows 
will occur at two times the desired UART baud rate frequency. Note that Timer 1 may be clocked by one of 
six sources: SYSCLK, SYSCLK / 4, SYSCLK / 12, SYSCLK / 48, the external oscillator clock / 8, or an 
external input T1. The UART0 baud rate is determined by Equation 15.1-A and Equation 15.1-B.

Equation 15.1. UART0 Baud Rate

Where T1CLK is the frequency of the clock supplied to Timer 1, and T1H is the high byte of Timer 1 (8-bit 
auto-reload mode reload value). Timer 1 clock frequency is selected as described in Section “18. Timers” 
on page 182. A quick reference for typical baud rates and system clock frequencies is given in Table 15.1. 
Note that the internal oscillator may still generate the system clock when the external oscillator is driving 
Timer 1.
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18.1.4. 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, C/T0, 
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 UART. While Timer 0 is oper-
ating 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 18.3. T0 Mode 3 Block Diagram
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SFR Definition 18.2. TMOD: Timer Mode

Bit7: GATE1: Timer 1 Gate Control.
0: Timer 1 enabled when TR1 = 1 irrespective of INT0 logic level.
1: Timer 1 enabled only when TR1 = 1 AND INT0 is active as defined by bit IN1PL in register 
IT01CF (see SFR Definition 10.5.  “IT01CF: INT0/INT1 Configuration” on page 105).

Bit6: C/T1: Counter/Timer 1 Select. 
0: Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.4).
1: Counter Function: Timer 1 incremented by high-to-low transitions on external input pin 
(T1).

Bits5–4: T1M1–T1M0: Timer 1 Mode Select. 
These bits select the Timer 1 operation mode.

Bit3: GATE0: Timer 0 Gate Control.
0: Timer 0 enabled when TR0 = 1 irrespective of INT0 logic level.
1: Timer 0 enabled only when TR0 = 1 AND INT0 is active as defined by bit IN0PL in register 
IT01CF (see SFR Definition 10.5.  “IT01CF: INT0/INT1 Configuration” on page 105).

Bit2: C/T0: Counter/Timer Select. 
0: Timer Function: Timer 0 incremented by clock defined by T0M bit (CKCON.3).
1: Counter Function: Timer 0 incremented by high-to-low transitions on external input pin 
(T0).

Bits1–0: T0M1–T0M0: Timer 0 Mode Select. 
These bits select the Timer 0 operation mode.

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

GATE1 C/T1 T1M1 T1M0 GATE0 C/T0 T0M1 T0M0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x89

T1M1 T1M0 Mode

0 0 Mode 0: 13-bit counter/timer

0 1 Mode 1: 16-bit counter/timer

1 0 Mode 2: 8-bit counter/timer with auto-reload

1 1 Mode 3: Timer 1 inactive

T0M1 T0M0 Mode

0 0 Mode 0: 13-bit counter/timer

0 1 Mode 1: 16-bit counter/timer

1 0 Mode 2: 8-bit counter/timer with auto-reload

1 1 Mode 3: Two 8-bit counter/timers
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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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19.2.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA 
counter/timer and load it into the corresponding module's 16-bit capture/compare register (PCA0CPLn and 
PCA0CPHn). The CAPPn and CAPNn bits in the PCA0CPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge), 
or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag (CCFn) 
in PCA0CN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn 
bit is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and 
must be cleared by software. If both CAPPn and CAPNn bits are set to logic 1, then the state of the Port 
pin associated with CEXn can be read directly to determine whether a rising-edge or falling-edge caused 
the capture.

Figure 19.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized by the 
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19.3.1. Watchdog Timer Operation

While the WDT is enabled:

 PCA counter is forced on.

 Writes to PCA0L and PCA0H are not allowed.

 PCA clock source bits (CPS2-CPS0) are frozen.

 PCA Idle control bit (CIDL) is frozen.

 Module 2 is forced into software timer mode.

 Writes to the Module 2 mode register (PCA0CPM2) are disabled.

While the WDT is enabled, writes to the CR bit will not change the PCA counter state; the counter will run 
until the WDT is disabled. The PCA counter run control (CR) will read zero if the WDT is enabled but user 
software has not enabled the PCA counter. If a match occurs between PCA0CPH2 and PCA0H while the 
WDT is enabled, a reset will be generated. To prevent a WDT reset, the WDT may be updated with a write 
of any value to PCA0CPH2. Upon a PCA0CPH2 write, PCA0H plus the offset held in PCA0CPL2 is loaded 
into PCA0CPH2 (See Figure 19.10).

Figure 19.10. PCA Module 2 with Watchdog Timer Enabled

Note that the 8-bit offset held in PCA0CPH2 is compared to the upper byte of the 16-bit PCA counter. This 
offset value is the number of PCA0L overflows before a reset. Up to 256 PCA clocks may pass before the 
first PCA0L overflow occurs, depending on the value of the PCA0L when the update is performed. The 
total offset is then given (in PCA clocks) by Equation 19.4, where PCA0L is the value of the PCA0L register 
at the time of the update.

Equation 19.4. Watchdog Timer Offset in PCA Clocks

The WDT reset is generated when PCA0L overflows while there is a match between PCA0CPH2 and 
PCA0H. Software may force a WDT reset by writing a 1 to the CCF2 flag (PCA0CN.2) while the WDT is 
enabled.
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