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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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Figure 1.3. C8051F53x Block Diagram (Silicon Revision A)

Figure 1.4. C8051F52x Block Diagram (Silicon Revision A)
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VREGIN 7 7 On-Chip Voltage Regulator Input.

P1.7 8 8 D I/O or
A In

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

P1.6 9 9 D I/O or
A In

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

P1.5 10 10 D I/O or
A In

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

P1.4 11 11 D I/O or
A In

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

P1.3 12 12 D I/O or
A In

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

P1.2/

CNVSTR

13 13 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 14 14 D I/O or
A In

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

P1.0/

XTAL2

15 15 D I/O or
A In

D I/O

Port 1.0. See Port I/O Section for a complete description.

External Clock Output. For an external crystal or resonator, this 
pin is the excitation driver. This pin is the external clock input for 
CMOS, capacitor, or RC oscillator configurations. See Section 
“14. Oscillators” on page 135.

P0.7/

XTAL1

16 16 D I/O or 
A In

A In

Port 0.7. See Port I/O Section for a complete description.

External Clock Input. This pin is the external oscillator return for 
a crystal or resonator. Section “14. Oscillators” on page 135.

P0.6/

C2D

17 17 D I/O or 
A In

D I/O

Port 0.6. See Port I/O Section for a complete description.

Bi-directional data signal for the C2 Debug Interface.

P0.5/RX* 18 — D I/O or 
A In

Port 0.5. See Port I/O Section for a complete description.

P0.5 — 18 D I/O or 
A In

Port 0.5. See Port I/O Section for a complete description.

Table 3.4. Pin Definitions for the C8051F53x and C805153xA (TSSOP 20) (Continued)

Name Pin Numbers Type Description

‘F53xA

‘F53x-C

‘F53x

*Note:  Please refer to Section “20. Device Specific Behavior” on page 210.
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Note that false rising edges and falling edges can be detected when the comparator is first powered-on or 
if changes are made to the hysteresis or response time control bits. Therefore, it is recommended that the 
rising-edge and falling-edge flags be explicitly cleared to logic 0 a short time after the comparator is 
enabled or its mode bits have been changed. This Power Up Time is specified in Table 2.7 on page 31.

SFR Definition 7.1. CPT0CN: Comparator0 Control

Bit7: CP0EN: Comparator0 Enable Bit.
0: Comparator0 Disabled.
1: Comparator0 Enabled.

Bit6: CP0OUT: Comparator0 Output State Flag.
0: Voltage on CP0+ < CP0–.
1: Voltage on CP0+ > CP0–.

Bit5: CP0RIF: Comparator0 Rising-Edge Flag.
0: No Comparator0 Rising Edge has occurred since this flag was last cleared.
1: Comparator0 Rising Edge has occurred.

Bit4: CP0FIF: Comparator0 Falling-Edge Flag.
0: No Comparator0 Falling-Edge has occurred since this flag was last cleared.
1: Comparator0 Falling-Edge has occurred.

Bits3–2: CP0HYP1–0: Comparator0 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis = 5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

Bits1–0: CP0HYN1–0: Comparator0 Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis = 5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

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

CP0EN CP0OUT CP0RIF CP0FIF CP0HYP1 CP0HYP0 CP0HYN1 CP0HYN0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9B
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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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SFR Definition 10.4. EIP1: Extended Interrupt Priority 1

Bit7: PMAT. Port Match Interrupt Priority Control.
This bit sets the priority of the Port Match interrupt.
0: Port Match interrupt set to low priority level.
1: Port Match interrupt set to high priority level.

Bit6: PREG0: Voltage Regulator Interrupt Priority Control. 
This bit sets the priority of the Voltage Regulator interrupt.    
0: Voltage Regulator interrupt set to low priority level.
1: Voltage Regulator interrupt set to high priority level.

Bit5: PLIN: LIN Interrupt Priority Control.
This bit sets the priority of the CP0 interrupt.
0: LIN interrupt set to low priority level.
1: LIN interrupt set to high priority level.

Bit4: PCPR: Comparator Rising Edge Interrupt Priority Control.
This bit sets the priority of the Rising Edge Comparator interrupt.
0: Comparator interrupt set to low priority level.
1: Comparator interrupt set to high priority level.

Bit3: PCPF: Comparator falling Edge Interrupt Priority Control.
This bit sets the priority of the Falling Edge Comparator interrupt.
0: Comparator interrupt set to low priority level.
1: Comparator interrupt set to high priority level.

Bit2: PPAC0: Programmable Counter Array (PCA0) Interrupt Priority Control.
This bit sets the priority of the PCA0 interrupt.
0: PCA0 interrupt set to low priority level.
1: PCA0 interrupt set to high priority level.

Bit1: PREG0: ADC0 Conversion Complete Interrupt Priority Control.
This bit sets the priority of the ADC0 Conversion Complete interrupt.
0: ADC0 Conversion Complete interrupt set to low priority level.
1: ADC0 Conversion Complete interrupt set to high priority level.

Bit0: PWADC0: ADC0 Window Comparison Interrupt Priority Control.
This bit sets the priority of the ADC0 Window Comparison interrupt.
0: ADC0 Window Comparison interrupt set to low priority level.
1: ADC0 Window Comparison interrupt set to high priority level.

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

PMAT PREG0 PLIN PCPR PCPF PPAC0 PREG0 PWADC0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xF6
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SFR Definition 14.2. OSCICL: Internal Oscillator Calibration

SFR Definition 14.3. OSCIFIN: Internal Fine Oscillator Calibration

Bit7: UNUSED. Read = 0b. Write = don’t care.
Bits6–0: OSCICL: Internal Oscillator Calibration Register.

This register determines the internal oscillator period. On C8051F52x/53x devices, the reset 
value is factory calibrated to generate an internal oscillator frequency of 24.5 MHz.

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

— OSCICL Varies
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xB3

Bits7–6: UNUSED. Read = 00b, Write = don't care.
Bits5–0: OSCIFIN. Internal oscillator fine adjustment bits. 

The valid range is between 0x00 and 0x27.

This register is a fine adjustment for the internal oscillator period. On 
C8051F52x/52xA/53x/53xA devices, the reset value is factory calibrated to generate an 
internal oscillator frequency of 24.5 MHz.

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

— — OSCIFIN undetermined
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Bit Addressable

SFR Address: 0xB0
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Figure 16.6. SPI Master Timing (CKPHA = 0)

 

Figure 16.7. SPI Master Timing (CKPHA = 1)
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Figure 16.8. SPI Slave Timing (CKPHA = 0)

Figure 16.9. SPI Slave Timing (CKPHA = 1)
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SFR Definition 17.3. LINCF Control Mode Register

Bit7: LINEN: LIN Interface Enable bit
0: LIN0 is disabled.
1: LIN0 is enabled.

Bit6: MODE: LIN Mode Selection
0: LIN0 operates in Slave mode.
1: LIN0 operates in Master mode.

Bit5: ABAUD: LIN Mode Automatic Baud Rate Selection (slave mode only).
0: Manual baud rate selection is enabled.
1: Automatic baud rate selection is enabled.

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

LINEN MODE ABAUD 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x95
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SFR Definition 19.3. PCA0CPMn: PCA Capture/Compare Mode

Bit7: PWM16n: 16-bit Pulse Width Modulation Enable.
This bit selects 16-bit mode when Pulse Width Modulation mode is enabled (PWMn = 1).
0: 8-bit PWM selected.
1: 16-bit PWM selected. 

Bit6: ECOMn: Comparator Function Enable. 
This bit enables/disables the comparator function for PCA module n. 
0: Disabled.
1: Enabled.

Bit5: CAPPn: Capture Positive Function Enable. 
This bit enables/disables the positive edge capture for PCA module n. 
0: Disabled.
1: Enabled.

Bit4: CAPNn: Capture Negative Function Enable. 
This bit enables/disables the negative edge capture for PCA module n. 
0: Disabled.
1: Enabled.

Bit3: MATn: Match Function Enable. 
This bit enables/disables the match function for PCA module n. When enabled, matches of 
the PCA counter with a module's capture/compare register cause the CCFn bit in PCA0MD 
register to be set to logic 1. 
0: Disabled.
1: Enabled.

Bit2: TOGn: Toggle Function Enable. 
This bit enables/disables the toggle function for PCA module n. When enabled, matches of 
the PCA counter with a module's capture/compare register cause the logic level on the 
CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module operates in Frequency 
Output Mode.
0: Disabled.
1: Enabled.

Bit1: PWMn: Pulse Width Modulation Mode Enable. 
This bit enables/disables the PWM function for PCA module n. When enabled, a pulse width 
modulated signal is output on the CEXn pin. 8-bit PWM is used if PWM16n is cleared; 16-bit 
mode is used if PWM16n is set to logic 1. If the TOGn bit is also set, the module operates in 
Frequency Output Mode.
0: Disabled.
1: Enabled.

Bit0: ECCFn: Capture/Compare Flag Interrupt Enable. 
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt. 
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.

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

PWM16n ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: PCA0CPM0: 0xDA, PCA0CPM1: 0xDB, PCA0CPM2: 0xDC
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20.5.  VDD Monitor (VDDMON0) High Threshold Setting

The calibration behavior of the internal voltage regulator (REG0) and its impact on VDD monitor (VDD-
MON0) high threshold setting differs between the silicon revisions of C8051F52x/52xA/F53x/F53xA 
devices.

The following note applies to Revision A and Revision B devices: The output of the internal voltage reg-
ulator (REG0) is calibrated by the MCU immediately after any reset event. The output of the un-calibrated 
internal regulator could be below the high threshold setting (VRST-HIGH) of the VDD Monitor (VDDMON0). If 
this is the case and the VDD Monitor is set to the high threshold setting and if the MCU receives a non-
power on reset, the MCU will remain in reset until a power-on reset (POR) occurs (i.e. VDD Monitor will 
keep the device in reset). A POR will force the VDD Monitor to the low threshold setting which is guaran-
teed to be below the un-calibrated output of the internal regulator. The device will then exit reset and 
resume normal operation. It is for this reason Silicon Labs strongly recommends that the VDD Monitor is 
always left in the low threshold setting (i.e., default value upon POR).

When programming the Flash in-system, the VDD Monitor (VDDMON0) must be set to the high threshold 
setting. For the highest system reliability, the time the VDD Monitor is set to the high threshold setting 
should be minimized (e.g., setting the VDD Monitor to the high threshold setting just before the Flash write 
operation and then changing it back to the low threshold setting immediately after the Flash write opera-
tion). 

The following note applies to Revision C devices: The output of the internal voltage regulator (REG0) is 
calibrated by the MCU immediately after a power-on reset (POR). This calibrated output setting will stay 
calibrated through any type of reset other than POR. Because of this change in behavior of REG0, the “low 
threshold” recommendation noted above for Revision A and Revision B devices does not apply to Revision 
C devices; the VDD Monitor (VDDMON0) can be set to the high threshold as needed depending on the 
application.

20.6.  Reset Low Time
The maximum reset low time differs between the silicon revisions of C8051F52x/52xA/F53x/F53xA 
devices.

Reset low time is the duration for which the RST pin is driven low by an external circuit while power is 
applied to the device. On Revision A and Revision B devices with assembly build date code earlier than 
1124 (year 2011, work week 24), the reset low time should be a maximum of 1 second. For longer reset 
low times, a percentage of devices within a narrow range of temperatures (a 5 to 10 C window) may 
“lock up” and fail to execute code. The condition is cleared only by cycling power. 

Revision B devices with assembly date code 1124 or later and Revision C devices do not have any restric-
tions on reset low time.

20.7.  Internal Oscillator Suspend Mode
The required bias setting for the internal oscillator before entering suspend mode differs between the sili-
con revisions of C8051F52x/52xA/F53x/F53xA devices.

On Revision A and Revision B devices, firmware must set the ZTCEN bit in REF0CN (SFR Definition 5.1) 
before entering suspend mode. If ZTCEN is not set to 1, there is a low probability of the device remaining 
in suspend even when a wake-up condition is triggered. On Revision C devices, this bit need not be set to 
1 before entering suspend mode.
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21.  C2 Interface

C8051F52x/F52xA/F53x/F53xA devices include an on-chip Silicon Laboratories 2-Wire (C2) debug inter-
face to allow Flash programming and in-system debugging with the production part installed in the end 
application. The C2 interface uses a clock signal (C2CK) and a bi-directional C2 data signal (C2D) to trans-
fer information between the device and a host system. See the C2 Interface Specification for details on the 
C2 protocol.

21.1.  C2 Interface Registers
The following describes the C2 registers necessary to perform Flash programming functions through the 
C2 interface. All C2 registers are accessed through the C2 interface as described in the C2 Interface Spec-
ification.

C2 Register Definition 21.1. C2ADD: C2 Address

C2 Register Definition 21.2. DEVICEID: C2 Device ID

Bits7–0: The C2ADD register is accessed via the C2 interface to select the target Data register for 
C2 Data Read and Data Write commands.

Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Address Description
0x00 Selects the Device ID register for Data Read instructions (DEVICEID)
0x01 Selects the Revision ID register for Data Read instructions (REVID)
0x02 Selects the C2 Flash Programming Control register for Data Read/Write instructions 

(FPCTL)
0xB4 Selects the C2 Flash Programming Data register for Data Read/Write instructions 

(FPDAT)

This read-only register returns the 8-bit device ID: 0x11 (C8051F52x/F52xA/F53x/F53xA).

Reset Value

00010001
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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�„ Replaced minimum VDD value for Flash write/erase operations in Table 2.9 on page 33 with references 
to the VRST-HIGH theshold specified in Table 2.8 on page 32.

�„ Removed Output Low Voltage values for condition ‘VREGIN = 1.8 V’ from Table 2.10, “Port I/O DC 
Electrical Characteristics,” on page 33.

�„ Corrected minor typo (“IFCN = 111b”) in Table 2.11, “Internal Oscillator Electrical Characteristics,” on 
page 34.

�„ Removed the typical value and added the maximum value for the 'Wake-up Time From Suspend' 
specification with the 'ZTCEN = 0' condition in Table 2.11, “Internal Oscillator Electrical Characteristics,” 
on page 34.

�„ Added Internal Oscillator Supply current values at specific temperatures for conditions ‘ZTCEN = 1’ and 
‘ZTCEN = 0’ in Table 2.11, “Internal Oscillator Electrical Characteristics,” on page 34. Also updated the 
table name to clarify that the specifications apply to the internal oscillator.

�„ Updated Section “1.1. Ordering Information” on page 14 and Table 1.1 with new C8051F52x-C/F53x-C 
part numbers.

�„ Updated Table 1.2, “Product Selection Guide (Not Recommended for New Designs),” on page 15 to 
include C8051F52xA/F53xA part numbers.

�„ Updated Figure 1.1, Figure 1.2, Figure 1.3, and Figure 1.4 titles to clarify applicable silicon revisions.

�„ Added figure references to pinout diagrams (Figure 3.1, Figure 3.4, and Figure 3.7) and updated labels 
to clarify applicable part numbers.

�„ Updated Table 3.1, Table 3.4, and Table 3.7 to indicate pinouts applicable to C8051F52x-C/F53x-C 
devices.

�„ Added note in Section “6. Voltage Regulator (REG0)” on page 74 to indicate the need for bypass 
capacitors for voltage regulator stability.

�„ Updated Figure 11.1 on Page 106 and text in Section “11.1. Power-On Reset” on page 107 and Section 
“11.2. Power-Fail Reset / VDD Monitors (VDDMON0 and VDDMON1)” on page 108 to describe the 
new level-sensitive VDD monitor (VDDMON1).

�„ Updated SFR Definition 11.1.  “VDDMON: VDD Monitor Control” on page 109 to include the VDM1EN 
bit (bit 4) that controls the new level-sensitive VDD monitor (VDDMON1).

�„ Added notes in Section 11.1 on page 107, Section 11.2 on page 108, and Section 11.3 on page 110 
with references to relevant parts of Section “20. Device Specific Behavior” on page 210.

�„ Moved some notes related to VDD Monitor (VDDMON0) High Threshold setting (VRST-HIGH) from 
Section 11.2 on page 108 to Section 20.5 on page 212 in Section “20. Device Specific Behavior”.

�„ Added Section “11.2.1. VDD Monitor Thresholds and Minimum VDD” on page 108 to describe the 
recommendations for minimum VDD as it relates to the VDD monitor thresholds.

�„ Clarified text in Section “11.7. Flash Error Reset” on page 110.

�„ Clarified text in items 2, 3 and 4 in Section “12.2.1. VDD Maintenance and the VDD monitor” on page 115 
to reference appropriate specification tables and specify “VDDMON0”.


