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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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1.2. On-Chip Debug Circuitry

The C8051F41x devices include on-chip Silicon Laboratories 2-Wire (C2) debug circuitry that provides 
non-intrusive, full speed, in-circuit debugging of the production part installed in the end application.

Silicon Laboratories’ debugging system supports inspection and modification of memory and registers, 
breakpoints, and single stepping. No additional target RAM, program memory, timers, or communications 
channels are required. All the digital and analog peripherals are functional and work correctly while debug-
ging. All the peripherals (except for the ADC and SMBus) are stalled when the MCU is halted, during single 
stepping, or at a breakpoint in order to keep them synchronized.

The C8051F410DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F41x MCUs. The kit 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 com-

puter with Windows®98 SE or later 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 application 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 32 kB (‘F410/1) or 16 kB (‘F412/3) of Flash. This memory may be repro-
grammed in-system in 512 byte sectors and requires no special off-chip programming voltage.

Figure 1.6. Memory Map
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Figure 1.8. IDAC Block Diagram

1.7. Programmable Comparators

C8051F41x devices include two software-configurable voltage comparators with an input multiplexer. Each 
comparator offers programmable response time and hysteresis and two outputs that are optionally avail-
able at the Port pins: a synchronous “latched” output (CP0 and CP1), or an asynchronous “raw” output 
(CP0A and CP1A). Comparator interrupts may be generated on rising, falling, or both edges. When in 
IDLE or SUSPEND mode, these interrupts may be used as a “wake-up” source for the processor. Compar-
ator0 may also be configured as a reset source. A block diagram of the comparator is shown in Figure 1.9.
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Figure 4.6. QFN-28 Recommended PCB Land Pattern

Table 4.5. QFN-28 PCB Land Pattern Dimensions

Dimension Min Max Dimension Min Max

C1 4.80 X2 3.20 3.30

C2 4.80 Y1 0.85 0.95

E 0.50 Y2 3.20 3.30

X1 0.20 0.30

Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design
4. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder 

mask and the metal pad is to be 60μm minimum, all the way around the pad.

Stencil Design
5. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used 

to assure good solder paste release.
6. The stencil thickness should be 0.125mm (5 mils).
7. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
8. A 3x3 array of 0.90mm openings on a 1.1mm pitch should be used for the center pad to 

assure the proper paste volume (67% Paste Coverage).

Card Assembly
9. A No-Clean, Type-3 solder paste is recommended.
10. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for 

Small Body Components.
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Depending on the output connected to the ADC input, additional tracking time, more than is specified in 
Table 5.3 and Table 5.4, may be required after changing MUX settings. See the settling time requirements 
described in Section “5.3.6. Settling Time Requirements” on page 58.

 

Figure 5.3. ADC0 Tracking Modes

5.3.3. Timing 

ADC0 has a maximum conversion speed specified in Table 5.3 and Table 5.4. ADC0 is clocked from the 
ADC0 Subsystem Clock (FCLK). The source of FCLK is selected based on the BURSTEN bit. When 
BURSTEN is logic 0, FCLK is derived from the current system clock. When BURSTEN is logic 1, FCLK is 
derived from the Burst Mode Oscillator, an independent clock source with a maximum frequency of 
25 MHz. 

When ADC0 is performing a conversion, it requires a clock source that is typically slower than FCLK. The 
ADC0 SAR conversion clock (SAR clock) is a divided version of FCLK. The divide ratio can be configured 
using the AD0SC bits in the ADC0CF register. The maximum SAR clock frequency is listed in Table 5.3 
and Table 5.4.

ADC0 can be in one of three states at any given time: tracking, converting, or idle. Tracking time depends 
on the tracking mode selected. For Pre-Tracking Mode, tracking is managed by software and ADC0 starts 
conversions immediately following the convert start signal. For Post-Tracking and Dual-Tracking Modes, 
the tracking time after the convert start signal is equal to the value determined by the AD0TK bits plus 2 
FCLK cycles. Tracking is immediately followed by a conversion. The ADC0 conversion time is always 13 
SAR clock cycles plus an additional 2 FCLK cycles to start and complete a conversion. Figure 5.4 shows 
timing diagrams for a conversion in Pre-Tracking Mode and tracking plus conversion in Post-Tracking or 
Dual-Tracking Mode. In this example, repeat count is set to one.
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5.3.5. Output Conversion Code

The registers ADC0H and ADC0L contain the high and low bytes of the output conversion code. When the 
repeat count is set to 1, conversion codes are represented in 12-bit unsigned integer format and the output 
conversion code is updated after each conversion. Inputs are measured from ‘0’ to VREF x 4095/4096. 
Data can be right-justified or left-justified, depending on the setting of the AD0LJST bit (ADC0CN.2). 
Unused bits in the ADC0H and ADC0L registers are set to ‘0’. Example codes are shown in Table 5.1 for 
both right-justified and left-justified data.

When the ADC0 Repeat Count is greater than 1, the output conversion code represents the accumulated 
result of the conversions performed and is updated after the last conversion in the series is finished. Sets 
of 4, 8, or 16 consecutive samples can be accumulated and represented in unsigned integer format. The 
repeat count can be selected using the AD0RPT bits in the ADC0CF register. The value must be right-
justified (AD0LJST = “0”), and unused bits in the ADC0H and ADC0L registers are set to '0'. The example 
in Table 5.2 shows the right-justified result for various input voltages and repeat counts. Notice that 

accumulating 2n samples is equivalent to left-shifting by n bit positions when all samples returned from the 
ADC have the same value.

Table 5.1. ADC0 Examples of Right- and Left-Justified Samples

Input Voltage Right-Justified ADC0H:ADC0L 
(AD0LJST = 0)

Left-Justified ADC0H:ADC0L 
(AD0LJST = 1)

VREF x 4095/4096 0x0FFF 0xFFF0

VREF x 2048/4096 0x0800 0x8000

VREF x 2047/4096 0x07FF 0x7FF0

0 0x0000 0x0000

Table 5.2. ADC0 Repeat Count Examples at Various Input Voltages

Input Voltage Repeat Count = 4 Repeat Count = 8 Repeat Count = 16
VREF x 4095/4096 0x3FFC 0x7FF8 0xFFF0

VREF x 2048/4096 0x2000 0x4000 0x8000

VREF x 2047/4096 0x1FFC 0x3FF8 0x7FF0

0 0x0000 0x0000 0x0000
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SFR Definition 5.5. ADC0CN: ADC0 Control  

Bit7: AD0EN: ADC0 Enable Bit.
0: ADC0 Disabled. ADC0 is in low-power shutdown.
1: ADC0 Enabled. ADC0 is active and ready for data conversions.

Bit6: BURSTEN: ADC0 Burst Mode Enable Bit.
0: ADC0 Burst Mode Disabled.
1: ADC0 Burst Mode Enabled.

Bit5: AD0INT: ADC0 Conversion Complete Interrupt Flag.
0: ADC0 has not completed a data conversion since the last time AD0INT was cleared.
1: ADC0 has completed a data conversion.

Bit4: AD0BUSY: ADC0 Busy Bit.
Read:
0: ADC0 conversion is complete or a conversion is not currently in progress. AD0INT is set 
to logic 1 on the falling edge of AD0BUSY.
1: ADC0 conversion is in progress.
Write:
0: No Effect.
1: Initiates ADC0 Conversion if AD0CM1-0 = 00b

Bit3: AD0WINT: ADC0 Window Compare Interrupt Flag.
This bit must be cleared by software.
0: ADC0 Window Comparison Data match has not occurred since this flag was last cleared.
1: ADC0 Window Comparison Data match has occurred.

Bit2: AD0LJST: ADC0 Left Justify Select
0: Data in ADC0H:ADC0L registers is right justified.
1: Data in ADC0H:ADC0L registers is left justified. This option should not be used with a 
repeat count greater than 1 (when AD0RPT1-0 is 01b, 10b, or 11b).

Bits1-0: AD0CM1-0: ADC0 Start of Conversion Mode Select.
00: ADC0 conversion initiated on every write of ‘1’ to AD0BUSY.
01: ADC0 conversion initiated on overflow of Timer 3.
10: ADC0 conversion initiated on rising edge of external CNVSTR.
11: ADC0 conversion initiated on overflow of Timer 2.

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

AD0EN BURSTEN AD0INT AD0BUSY AD0WINT AD0LJST AD0CM1 AD0CM0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xE8
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5.4.1. Window Detector In Single-Ended Mode

Figure 5.7 shows two example window comparisons for right-justified data with 
ADC0LTH:ADC0LTL = 0x0200 (512d) and ADC0GTH:ADC0GTL = 0x0100 (256d). The input voltage can 
range from ‘0’ to VREF x (4095/4096) with respect to GND, and is represented by a 12-bit unsigned integer 
value. The repeat count is set to one. In the left example, an AD0WINT interrupt will be generated if the 
ADC0 conversion word (ADC0H:ADC0L) is within the range defined by ADC0GTH:ADC0GTL and 
ADC0LTH:ADC0LTL (if 0x0100 < ADC0H:ADC0L < 0x0200). In the right example, and AD0WINT interrupt 
will be generated if the ADC0 conversion word is outside of the range defined by the ADC0GT and 
ADC0LT registers (if ADC0H:ADC0L < 0x0100 or ADC0H:ADC0L > 0x0200). Figure 5.8 shows an exam-
ple using left-justified data with the same comparison values.

Figure 5.7. ADC Window Compare Example: Right-Justified Single-Ended Data

Figure 5.8. ADC Window Compare Example: Left-Justified Single-Ended Data
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6.1.2. Update Output Based on Timer Overflow

The IDAC output update can be scheduled on a Timer overflow. This feature is useful in systems where the 
IDAC is used to generate a waveform of a defined sampling rate, by eliminating the effects of variable 
interrupt latency and instruction execution on the timing of the IDAC output. When the IDAnCM bits 
(IDAnCN.[6:4]) are set to ‘000’, ‘001’, ‘010’ or ‘011’, writes to both IDAC data registers (IDAnL and IDAnH) 
are held until an associated Timer overflow event (Timer 0, Timer 1, Timer 2 or Timer 3, respectively) 
occurs, at which time the IDAnH:IDAnL contents are copied to the IDAC input latch, allowing the IDAC out-
put to change to the new value. When updates are scheduled based on Timer 2 or 3, updates occur on 
low-byte overflows if Timer 2 or 3 is in 8-bit mode and high-byte overflows if Timer 2 or 3 is in 16-bit mode.

6.1.3. 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 IDAnCM bits (IDAnCN.[6:4]) are set to ‘100’, ‘101’, or ‘110’, writes to 
the IDAC data registers (IDAnL and IDAnH) are held until an edge occurs on the CNVSTR input pin. The 
particular setting of the IDAnCM bits determines whether the IDAC output is updated on rising, falling, or 
both edges of CNVSTR. When a corresponding edge occurs, the IDAnH:IDAnL contents are copied to the 
IDAC input latch, allowing the IDAC output to change to the new value.

6.2. IDAC Output Mapping

The IDAC data word can be Left Justified or Right Justified as shown in Figure 6.2. When Left Justified, the 
8 MSBs of the data word (D11-D4) are mapped to bits 7-0 of the IDAnH register and the 4 LSBs of the data 
word (D3-D0) are mapped to bits 7-4 of the IDAnL register. When Right Justified, the 4 MSBs of the data 
word (D11-D8) are mapped to bits 3-0 of the IDAnH register and the 8 LSBs of the data word (D7-D0) are 
mapped to bits 7-0 of the IDAnL register. The IDAC data word justification is selected using the IDAnRJST 
bit (IDAnCN.2).

The full-scale output current of the IDAC is selected using the IDAnOMD bits (IDAnCN[1:0]). By default, 
the IDAC is set to a full-scale output current of 2 mA. The IDAnOMD bits can also be configured to provide 
full-scale output currents of 0.25 mA, 0.5 mA, or 1 mA.

Figure 6.2. IDAC Data Word Mapping

Left Justified Data (IDAnRJST = 0):

Right Justified Data (IDAnRJST = 1):

IDAnH IDAnL
D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

IDAnH IDAnL
D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

IDAn Data Word
(D11–D0)

Output Current vs IDAnOMD bit setting 
‘11’ (2 mA) ‘10’ (1 mA) ‘01’ (0.5 mA) ‘00’ (0.25 mA)

0x000 0 mA 0 mA 0 mA 0 mA
0x001 1/4096 x 2 mA 1/4096 x 1 mA 1/4096 x 0.5 mA 1/4096 x 0.25 mA
0x800 2048/4096 x 2 mA 2048/4096 x 1 mA 2048/4096 x 0.5 mA 2048/4096 x 0.25 mA
0xFFF 4095/4096 x 2 mA 4095/4096 x 1 mA 4095/4096 x 0.5 mA 4095/4096 x 0.25 mA



C8051F410/1/2/3

Rev. 1.1 73

SFR Definition 6.5. IDA1H: IDA0 Data High Byte

SFR Definition 6.6. IDA1L: IDA1 Data Low Byte

6.3. IDAC External Pin Connections

The IDA0 output is connected to P0.0, and the IDA1 output can be connected to P0.0 or P0.1. The output 
pin for IDA1 is selected using IDAMRG (REF0CN.7). When the enable bits for both IDACs (IDAnEN) are 
set to ‘0’, the IDAC outputs behave as a normal GPIO pins. When either IDAC’s enable bit is set to ‘1’, the 
digital output drivers and weak pullup for the selected IDAC pin are automatically disabled, and the pin is 
connected to the IDAC output. When using the IDACs, the selected IDAC pin(s) should be skipped in the 
Crossbar by setting the corresponding PnSKIP bits to a ‘1’. Figure 6.3 shows the pin connections for IDA0 
and IDA1.

When both IDACs are enabled and IDAMRG is set to logic 1, the output of both IDACs is merged onto 
P0.0.

Bits 7–0: IDA1 Data Word High-Order Bits.
For IDA0RJST = 0: 
Bits 7-0 hold the most significant 8-bits of the 12-bit IDA1 Data Word.
For IDA0RJST = 1: 
Bits 3-0 hold the most significant 4-bits of the 12-bit IDA1 Data Word. Bits 7–4 are 0000b.

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: 0xF5

Bits 7–0: IDA1 Data Word Low-Order Bits.
For IDA0RJST = 0: 
Bits 7-4 hold the least significant 4-bits of the 12-bit IDA1 Data Word. Bits 3–0 are 0000b.
For IDA0RJST = 1: 
Bits 7–0 hold the least significant 8-bits of the 12-bit IDA1 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: 0xF4
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10.2. Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits 
should not be set to logic 1. Future product versions may use these bits to implement new features in 
which case the reset value of the bit will be logic 0, selecting the feature's default state. Detailed descrip-
tions of the remaining SFRs are included in the sections of the datasheet associated with their correspond-
ing system function.

SFR Definition 10.1. SP: Stack Pointer

Notes on Registers, Operands and Addressing Modes:

Rn - Register R0-R7 of the currently selected register bank.

@Ri - Data RAM location addressed indirectly through R0 or R1.

rel - 8-bit, signed (two’s complement) offset relative to the first byte of the following instruction. Used by 
SJMP and all conditional jumps.

direct - 8-bit internal data location’s address. This could be a direct-access Data RAM location (0x00-
0x7F) or an SFR (0x80-0xFF).

#data - 8-bit constant

#data16 - 16-bit constant

bit - Direct-accessed bit in Data RAM or SFR

addr11 - 11-bit destination address used by ACALL and AJMP. The destination must be within the same 
2K-byte page of program memory as the first byte of the following instruction.

addr16 - 16-bit destination address used by LCALL and LJMP. The destination may be anywhere within 
the 8K-byte program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.

Bits7–0: SP: Stack Pointer.
The Stack Pointer holds the location of the top of the stack. The stack pointer is incremented 
before every PUSH operation. The SP register defaults to 0x07 after reset.

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

00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x81
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SFR Definition 12.2. IP: Interrupt Priority

Bit 7: UNUSED. Read = 1, Write = don't care.
Bit 6: 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.

Bit 5: 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. 

Bit 4: 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.

Bit 3: 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.

Bit 2: PX1: External Interrupt 1 Priority Control. 
This bit sets the priority of the External Interrupt 1 interrupt.    
0: External Interrupt 1 set to low priority level.
1: External Interrupt 1 set to high priority level.

Bit 1: 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.

Bit 0: PX0: External Interrupt 0 Priority Control. 
This bit sets the priority of the External Interrupt 0 interrupt.    
0: External Interrupt 0 set to low priority level.
1: External Interrupt 0 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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NOTES:
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SFR Definition 18.10. P1: Port1

SFR Definition 18.11. 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. In order for the P1.n pin to be 
in analog input mode, there MUST be a '1' in the Port Latch register corresponding to 
that pin.
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
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When the crystal oscillator is first enabled, the oscillator amplitude detection circuit requires a settling time 
to achieve proper bias. Introducing a delay of 1 ms between enabling the oscillator and checking the 
XTLVLD bit will prevent a premature switch to the external oscillator as the system clock. Switching to the 
external oscillator before the crystal oscillator has stabilized can result in unpredictable behavior. The rec-
ommended procedure is:

Step 1.  Force the XTAL1 and XTAL2 pins low by writing 0's to the port latch.
Step 2.  Configure XTAL1 and XTAL2 as analog inputs.
Step 3.  Release the crystal pins by writing ‘1's to the port latch.
Step 4.  Enable the external oscillator.
Step 5.  Wait at least 1 ms.
Step 6.  Poll for XTLVLD => '1'.
Step 7.  Switch the system clock to the external oscillator.

Note: Tuning-fork crystals may require additional settling time before XTLVLD returns a valid result. 

The capacitors shown in the external crystal configuration provide the load capacitance required by the 
crystal for correct oscillation. These capacitors are "in series" as seen by the crystal and "in parallel" with 
the stray capacitance of the XTAL1 and XTAL2 pins.

Note: The load capacitance depends upon the crystal and the manufacturer. Please refer to the crystal 
data sheet when completing these calculations.

For example, a tuning-fork crystal of 32.768 kHz with a recommended load capacitance of 12.5 pF should 
use the configuration shown in Figure 19.1, Option 1. The total value of the capacitors and the stray capac-
itance of the XTAL pins should equal 25 pF. With a stray capacitance of 3 pF per pin, the 22 pF capacitors 
yield an equivalent capacitance of 12.5 pF across the crystal, as shown in Figure 19.2.

Figure 19.2. 32.768 kHz External Crystal Example

Important Note on External Crystals: Crystal oscillator circuits are quite sensitive to PCB layout. The 
crystal should be placed as close as possible to the XTAL pins on the device. The traces should be as 
short as possible and shielded with ground plane from any other traces which could introduce noise or 
interference.

22 pF

22 pF

32.768 kHz 10 M

XTAL1

XTAL2

Ω
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SFR Definition 23.2. SPI0CN: SPI0 Control

Bit 7: 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. 

Bit 6: WCOL: Write Collision Flag. 
This bit is set to logic 1 by hardware if a write to SPI0DAT is attempted when the transmit 
buffer has not been emptied to the SPI shift register. It must be cleared by software.

Bit 5: 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.

Bit 4: 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.

Bits 3–2: NSSMD1–NSSMD0: Slave Select Mode.
Selects between the following NSS operation modes: 
(See Section “23.2. SPI0 Master Mode Operation” on page 219 and Section “23.3. SPI0 
Slave Mode Operation” on page 220).
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.

Bit 1: 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.

Bit 0: 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



C8051F410/1/2/3

240 Rev. 1.1

24.2.2. 8-bit Timers with Auto-Reload

When T2SPLIT is set, Timer 2 operates as two 8-bit timers (TMR2H and TMR2L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 24.5. TMR2RLL holds the reload value for TMR2L; TMR2RLH 
holds the reload value for TMR2H. The TR2 bit in TMR2CN handles the run control for TMR2H. TMR2L is 
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock 
source divided by 8. The Timer 2 Clock Select bits (T2MH and T2ML in CKCON) select either SYSCLK or 
the clock defined by the Timer 2 External Clock Select bit (T2XCLK in TMR2CN), as follows:

The TF2H bit is set when TMR2H overflows from 0xFF to 0x00; the TF2L bit is set when TMR2L overflows 
from 0xFF to 0x00. When Timer 2 interrupts are enabled (IE.5), an interrupt is generated each time 
TMR2H overflows. If Timer 2 interrupts are enabled and TF2LEN (TMR2CN.5) is set, an interrupt is gener-
ated each time either TMR2L or TMR2H overflows. When TF2LEN is enabled, software must check the 
TF2H and TF2L flags to determine the source of the Timer 2 interrupt. The TF2H and TF2L interrupt flags 
are not cleared by hardware and must be manually cleared by software.

Figure 24.5. Timer 2 8-Bit Mode Block Diagram

T2MH T2XCLK TMR2H Clock Source T2ML T2XCLK TMR2L Clock Source
0 0 SYSCLK / 12 0 0 SYSCLK / 12
0 1 External Clock / 8 0 1 External Clock / 8
1 X SYSCLK 1 X SYSCLK
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25.2.2. Software Timer (Compare) Mode

In Software Timer mode, the PCA counter/timer value is compared to the module's 16-bit capture/compare 
register (PCA0CPHn and PCA0CPLn). When a match 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. Setting the ECOMn and MATn bits in the PCA0CPMn register enables Software 
Timer mode.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the 
ECOMn bit to ‘0’; writing to PCA0CPHn sets ECOMn to ‘1’.

Figure 25.5. PCA Software Timer Mode Diagram
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