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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

Details

Product Status Obsolete

Core Processor 8051

Core Size 8-Bit

Speed 25MHz

Connectivity SMBus (2-Wire/I²C), SPI, UART/USART

Peripherals Brown-out Detect/Reset, POR, PWM, Temp Sensor, WDT

Number of I/O 16

Program Memory Size 32KB (32K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 4.25K x 8

Voltage - Supply (Vcc/Vdd) 0.9V ~ 3.6V

Data Converters A/D 15x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 24-WFQFN Exposed Pad

Supplier Device Package 24-QFN (4x4)

Purchase URL https://www.e-xfl.com/product-detail/silicon-labs/c8051f921-gmr

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/c8051f921-gmr-4436939
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


C8051F93x-C8051F92x

2 Rev. 1.2



Rev. 1.2 11

C8051F93x-C8051F92x

Figure 21.2. Port I/O Cell Block Diagram ............................................................... 213
Figure 21.3. Crossbar Priority Decoder with No Pins Skipped ............................... 217
Figure 21.4. Crossbar Priority Decoder with Crystal Pins Skipped ........................ 218

22. SMBus
Figure 22.1. SMBus Block Diagram ....................................................................... 233
Figure 22.2. Typical SMBus Configuration ............................................................. 234
Figure 22.3. SMBus Transaction ............................................................................ 235
Figure 22.4. Typical SMBus SCL Generation......................................................... 238
Figure 22.5. Typical Master Write Sequence ......................................................... 247
Figure 22.6. Typical Master Read Sequence ......................................................... 248
Figure 22.7. Typical Slave Write Sequence ........................................................... 249
Figure 22.8. Typical Slave Read Sequence ........................................................... 250

23. UART0
Figure 23.1. UART0 Block Diagram ....................................................................... 255
Figure 23.2. UART0 Baud Rate Logic .................................................................... 256
Figure 23.3. UART Interconnect Diagram .............................................................. 257
Figure 23.4. 8-Bit UART Timing Diagram............................................................... 257
Figure 23.5. 9-Bit UART Timing Diagram............................................................... 258
Figure 23.6. UART Multi-Processor Mode Interconnect Diagram .......................... 259

24. Enhanced Serial Peripheral Interface (SPI0 and SPI1)
Figure 24.1. SPI Block Diagram ............................................................................. 263
Figure 24.2. Multiple-Master Mode Connection Diagram....................................... 266
Figure 24.3. 3-Wire Single Master and 3-Wire Single Slave Mode 

Connection Diagram .............................................................................. 266
Figure 24.4. 4-Wire Single Master Mode and 4-Wire Slave Mode 

Connection Diagram .............................................................................. 266
Figure 24.5. Master Mode Data/Clock Timing........................................................ 268
Figure 24.6. Slave Mode Data/Clock Timing (CKPHA = 0) .................................... 269
Figure 24.7. Slave Mode Data/Clock Timing (CKPHA = 1) .................................... 269
Figure 24.8. SPI Master Timing (CKPHA = 0)........................................................ 275
Figure 24.9. SPI Master Timing (CKPHA = 1)........................................................ 275
Figure 24.10. SPI Slave Timing (CKPHA = 0)........................................................ 276
Figure 24.11. SPI Slave Timing (CKPHA = 1)........................................................ 276

25. Timers
Figure 25.1. T0 Mode 0 Block Diagram.................................................................. 281
Figure 25.2. T0 Mode 2 Block Diagram.................................................................. 282
Figure 25.3. T0 Mode 3 Block Diagram.................................................................. 283
Figure 25.4. Timer 2 16-Bit Mode Block Diagram .................................................. 288
Figure 25.5. Timer 2 8-Bit Mode Block Diagram .................................................... 289
Figure 25.6. Timer 2 Capture Mode Block Diagram............................................... 290
Figure 25.7. Timer 3 16-Bit Mode Block Diagram .................................................. 294
Figure 25.8. Timer 3 8-Bit Mode Block Diagram. ................................................... 295
Figure 25.9. Timer 3 Capture Mode Block Diagram............................................... 296

26. Programmable Counter Array
Figure 26.1. PCA Block Diagram............................................................................ 300



C8051F93x-C8051F92x

14 Rev. 1.2

13. Flash Memory
Table 13.1. Flash Security Summary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148

14. Power Management
Table 14.1. Power Modes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

15. Cyclic Redundancy Check Unit (CRC0)
Table 15.1. Example 16-bit CRC Outputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

16. On-Chip DC-DC Converter (DC0)
Table 16.1. IPeak Inductor Current Limit Settings . . . . . . . . . . . . . . . . . . . . . . . . . 172

17. Voltage Regulator (VREG0)
18. Reset Sources
19. Clocking Sources

Table 19.1. Recommended XFCN Settings for Crystal Mode . . . . . . . . . . . . . . . . 189
Table 19.2. Recommended XFCN Settings for RC and C modes . . . . . . . . . . . . . 190

20. SmaRTClock (Real Time Clock)
Table 20.1. SmaRTClock Internal Registers ......................................................... 197
Table 20.2. SmaRTClock Load Capacitance Settings  . . . . . . . . . . . . . . . . . . . . . 203
Table 20.3. SmaRTClock Bias Settings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

21. Port Input/Output
Table 21.1. Port I/O Assignment for Analog Functions . . . . . . . . . . . . . . . . . . . . . 214
Table 21.2. Port I/O Assignment for Digital Functions . . . . . . . . . . . . . . . . . . . . . . 215
Table 21.3. Port I/O Assignment for External Digital Event Capture Functions  . . 215

22. SMBus
Table 22.1. SMBus Clock Source Selection  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
Table 22.2. Minimum SDA Setup and Hold Times  . . . . . . . . . . . . . . . . . . . . . . . . 239
Table 22.3. Sources for Hardware Changes to SMB0CN . . . . . . . . . . . . . . . . . . . 243
Table 22.4. Hardware Address Recognition Examples (EHACK = 1) . . . . . . . . . . 244
Table 22.5. SMBus Status Decoding With Hardware ACK Generation Disabled 

(EHACK = 0) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Table 22.6. SMBus Status Decoding With Hardware ACK Generation Enabled 

(EHACK = 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
23. UART0

Table 23.1. Timer Settings for Standard Baud Rates 
Using The Internal 24.5 MHz Oscillator  . . . . . . . . . . . . . . . . . . . . . . . 262

Table 23.2. Timer Settings for Standard Baud Rates 
Using an External 22.1184 MHz Oscillator . . . . . . . . . . . . . . . . . . . . . 262

24. Enhanced Serial Peripheral Interface (SPI0 and SPI1)
Table 24.1. SPI Slave Timing Parameters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

25. Timers
Table 25.1. Timer 0 Running Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

26. Programmable Counter Array
Table 26.1. PCA Timebase Input Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
Table 26.2. PCA0CPM and PCA0PWM Bit Settings for PCA 

Capture/Compare Modules  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
Table 26.3. Watchdog Timer Timeout Intervals1 . . . . . . . . . . . . . . . . . . . . . . . . . . 312

27. C2 Interface



C8051F93x-C8051F92x

40 Rev. 1.2

Table 3.5. PCB Land Pattern

Dimension MIN MAX

C1 3.90 4.00

C2 3.90 4.00

E 0.50 BSC

X1 0.20 0.30

X2 2.70 2.80

Y1 0.65 0.75

Y2 2.70 2.80

Notes:

General
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines. 

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

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

Stencil Design
1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal 

walls should be used to assure good solder paste release.
2. The stencil thickness should be 0.125 mm (5 mils).
3. The ratio of stencil aperture to land pad size should be 1:1 for all 

perimeter pads.
4. A 2 x 2 array of 1.0 x 1.0 mm square openings on 1.30 mm pitch should 

be used for the center ground pad.

Card Assembly
1. A No-Clean, Type-3 solder paste is recommended.
2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 

specification for Small Body Components. 
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Table 4.13. Comparator Electrical Characteristics
VDD = 1.8 to 3.6 V, –40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units

Response Time:

Mode 0, VDD = 2.4 V, VCM
* = 1.2 V

CP0+ – CP0– = 100 mV — 130 — ns

CP0+ – CP0– = –100 mV — 200 — ns

Response Time:

Mode 1, VDD = 2.4 V, VCM
* = 1.2 V

CP0+ – CP0– = 100 mV — 210 — ns

CP0+ – CP0– = –100 mV — 410 — ns

Response Time:

Mode 2, VDD = 2.4 V, VCM
* = 1.2 V

CP0+ – CP0– = 100 mV — 420 — ns

CP0+ – CP0– = –100 mV — 1200 — ns

Response Time:

Mode 3, VDD = 2.4 V, VCM
* = 1.2 V

CP0+ – CP0– = 100 mV — 1750 — ns

CP0+ – CP0– = –100 mV — 6200 — ns

Common-Mode Rejection Ratio — 1.5 4 mV/V

Inverting or Non-Inverting Input 
Voltage Range

–0.25 — VDD + 0.25 V

Input Capacitance — 12 — pF

Input Bias Current — 1 — nA

Input Offset Voltage –7 — +7 mV

Power Supply

Power Supply Rejection — 0.1 — mV/V

Power-up Time

VDD = 3.6 V — 0.6 — µs

VDD = 3.0 V — 1.0 — µs

VDD = 2.4 V — 1.8 — µs

VDD = 1.8 V — 10 — µs

Supply Current at DC

Mode 0 — 23 — µA

Mode 1 — 8.8 — µA

Mode 2 — 2.6 — µA

Mode 3 — 0.4 — µA

*Note:  Vcm is the common-mode voltage on CP0+ and CP0–.
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SFR Page = 0x0; SFR Address = 0xD1 

5.12. Voltage Reference Electrical Specifications

See Table 4.11 on page 60 for detailed Voltage Reference Electrical Specifications.

SFR Definition 5.15. REF0CN: Voltage Reference Control

Bit 7 6 5 4 3 2 1 0

Name REFGND REFSL TEMPE REFOE

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

Reset 0 0 0 1 1 0 0 0

Bit Name Function

7:6 Unused Unused. 

Read = 00b; Write = Don’t Care.

5 REFGND Analog Ground Reference.

Selects the ADC0 ground reference.
0: The ADC0 ground reference is the GND pin.
1: The ADC0 ground reference is the P0.1/AGND pin.

4:3 REFSL Voltage Reference Select. 

Selects the ADC0 voltage reference.
00: The ADC0 voltage reference is the P0.0/VREF pin.
01: The ADC0 voltage reference is the VDD/DC+ pin.
10: The ADC0 voltage reference is the internal 1.8 V digital supply voltage.
11: The ADC0 voltage reference is the internal 1.65 V high speed voltage reference.

2 TEMPE Temperature Sensor Enable.

Enables/Disables the internal temperature sensor.
0: Temperature Sensor Disabled.
1: Temperature Sensor Enabled.

1 Unused Unused. 

Read = 0b; Write = Don’t Care.

0 REFOE Internal Voltage Reference Output Enable. 

Connects/Disconnects the internal voltage reference to the P0.0/VREF pin.
0: Internal 1.68 V Precision Voltage Reference disabled and not connected to 
P0.0/VREF.
1: Internal 1.68 V Precision Voltage Reference enabled and connected to 
P0.0/VREF.
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10.5.3. Split Mode with Bank Select

When EMI0CF.[3:2] are set to 10, the XRAM memory map is split into two areas, on-chip space and off-
chip space.

• Effective addresses below the on-chip XRAM boundary will access on-chip XRAM space.
• Effective addresses above the on-chip XRAM boundary will access off-chip space.
• 8-bit MOVX operations use the contents of EMI0CN to determine whether the memory access is on-

chip or off-chip. The upper 4-bits of the Address Bus A[11:8] are determined by EMI0CN, and the lower 
8-bits of the Address Bus A[7:0] are determined by R0 or R1. All 12-bits of the Address Bus A[11:0] 
are driven in “Bank Select” mode.

• 16-bit MOVX operations use the contents of DPTR to determine whether the memory access is on-
chip or off-chip, and the full 12-bits of the Address Bus A[11:0] are driven during the off-chip transac-
tion.

10.5.4. External Only

When EMI0CF[3:2] are set to 11, all MOVX operations are directed to off-chip space. On-chip XRAM is not 
visible to the CPU. This mode is useful for accessing off-chip memory located between 0x0000 and the on-
chip XRAM boundary.

• 8-bit MOVX operations ignore the contents of EMI0CN. The upper Address bits A[11:8] are not driven 
(identical behavior to an off-chip access in “Split Mode without Bank Select” described above). This 
allows the user to manipulate the upper address bits at will by setting the Port state directly. The lower 
8-bits of the effective address A[7:0] are determined by the contents of R0 or R1.

• 16-bit MOVX operations use the contents of DPTR to determine the effective address A[11:0]. The full 
12-bits of the Address Bus A[11:0] are driven during the off-chip transaction.

10.6. External Memory Interface Timing

The timing parameters of the External Memory Interface can be configured to enable connection to 
devices having different setup and hold time requirements. The Address Setup time, Address Hold time, 
RD and WR strobe widths, and in multiplexed mode, the width of the ALE pulse are all programmable in 
units of SYSCLK periods through EMI0TC, shown in SFR Definition 10.3, and EMI0CF[1:0].

The timing for an off-chip MOVX instruction can be calculated by adding 4 SYSCLK cycles to the timing 
parameters defined by the EMI0TC register. Assuming non-multiplexed operation, the minimum execution 
time for an off-chip XRAM operation is 5 SYSCLK cycles (1 SYSCLK for RD or WR pulse + 4 SYSCLKs). 
For multiplexed operations, the Address Latch Enable signal will require a minimum of 2 additional 
SYSCLK cycles. Therefore, the minimum execution time of an off-chip XRAM operation in multiplexed 
mode is 7 SYSCLK cycles (2 SYSCLKs for ALE, 1 for RD or WR + 4 SYSCLKs). The programmable setup 
and hold times default to the maximum delay settings after a reset.

Table 10.1 lists the ac parameters for the External Memory Interface, and Figure 10.1 through Figure 10.6 
show the timing diagrams for the different External Memory Interface modes and MOVX operations. See 
Section “21. Port Input/Output” on page 212 to determine which port pins are mapped to the ADDR[11:8], 
AD[7:0], ALE, RD, and WR signals.
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SFR Page = All Pages; SFR Address = 0xA8; Bit-Addressable

SFR Definition 12.1. IE: Interrupt Enable

Bit 7 6 5 4 3 2 1 0

Name EA ESPI0 ET2 ES0 ET1 EX1 ET0 EX0

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 EA Enable All Interrupts.

Globally enables/disables all interrupts. It overrides individual interrupt mask settings.
0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

6 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.

5 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.

4 ES0 Enable UART0 Interrupt.

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

3 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.

2 EX1 Enable External Interrupt 1. 

This bit sets the masking of External Interrupt 1.
0: Disable external interrupt 1.
1: Enable interrupt requests generated by the INT1 input.

1 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.

0 EX0 Enable External Interrupt 0. 

This bit sets the masking of External Interrupt 0.
0: Disable external interrupt 0.
1: Enable interrupt requests generated by the INT0 input.
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13.1.2. Flash Erase Procedure

The Flash memory is organized in 1024-byte pages. The erase operation applies to an entire page (setting 
all bytes in the page to 0xFF). To erase an entire 1024-byte page, perform the following steps:

1. Save current interrupt state and disable interrupts.
2. Set the PSEE bit (register PSCTL).
3. Set the PSWE bit (register PSCTL).
4. Write the first key code to FLKEY: 0xA5.
5. Write the second key code to FLKEY: 0xF1.
6. Using the MOVX instruction, write a data byte to any location within the 1024-byte page to be 

erased.
7. Clear the PSWE and PSEE bits.
8. Restore previous interrupt state.

Steps 4–6 must be repeated for each 1024-byte page to be erased. 

Notes:
1. Future 16 and 8 kB derivatives in this product family will use a 512-byte page size. To maintain code 

compatibility across the entire family, the erase procedure should be performed on each 512-byte section of 
memory.

2. Flash security settings may prevent erasure of some Flash pages, such as the reserved area and the page 
containing the lock bytes. For a summary of Flash security settings and restrictions affecting Flash erase 
operations, please see Section “13.3. Security Options” on page 147.

3. 8-bit MOVX instructions cannot be used to erase or write to Flash memory at addresses higher than 0x00FF.

13.1.3. Flash Write Procedure

A write to Flash memory can clear bits to logic 0 but cannot set them; only an erase operation can set bits 
to logic 1 in Flash. A byte location to be programmed should be erased before a new value is written.

The recommended procedure for writing a single byte in Flash is as follows:

1. Save current interrupt state and disable interrupts.
2. Ensure that the Flash byte has been erased (has a value of 0xFF).
3. Set the PSWE bit (register PSCTL).
4. Clear the PSEE bit (register PSCTL).
5. Write the first key code to FLKEY: 0xA5.
6. Write the second key code to FLKEY: 0xF1.
7. Using the MOVX instruction, write a single data byte to the desired location within the 1024-

byte sector.
8. Clear the PSWE bit.
9. Restore previous interrupt state.

Steps 5–7 must be repeated for each byte to be written. 

Notes:
1. Future 16 and 8 kB derivatives in this product family will use a 512-byte page size. To maintain code 

compatibility across the entire family, the erase procedure should be performed on each 512-byte section of 
memory.

2. Flash security settings may prevent writes to some areas of Flash, such as the reserved area. For a summary 
of Flash security settings and restrictions affecting Flash write operations, please see Section “13.3. Security 
Options” on page 147.

13.2. Non-volatile Data Storage

The Flash memory can be used for non-volatile data storage as well as program code. This allows data 
such as calibration coefficients to be calculated and stored at run time. Data is written using the MOVX 
write instruction and read using the MOVC instruction. Note: MOVX read instructions always target XRAM.
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16.5. Minimizing Power Supply Noise

To minimize noise on the power supply lines, the GND and GND/DC- pins should be kept separate, as 
shown in Figure 16.2; one or the other should be connected to the pc board ground plane. For applications 
in which the dc-dc converter is used only to power internal circuits, the GND pin is normally connected to 
the board ground. 

The large decoupling capacitors in the input and output circuits ensure that each supply is relatively quiet 
with respect to its own ground. However, connecting a circuit element "diagonally" (e.g. connecting an 
external chip between VDD/DC+ and GND, or between VBAT and GND/DC-) can result in high supply 
noise across that circuit element. For applications in which the dc-dc converter is used to power external 
analog circuitry, it is recommended to connect the GND/DC– pin to the board ground and connect the bat-
tery’s negative terminal to the GND pin only, which is not connected to board ground.

To accommodate situations in which ADC0 is sampling a signal that is referenced to one of the external 
grounds, we recommend using the Analog Ground Reference (P0.1/AGND) option described in Section 
5.12. This option prevents any voltage differences between the internal chip ground and the external 
grounds from modulating the ADC input signal. If this option is enabled, the P0.1 pin should be tied to the 
ground reference of the external analog input signal. When using the ADC with the dc-dc converter, we 
also recommend enabling the SYNC bit in the DC0CN register to minimize interference.

These general guidelines provide the best performance in most applications, though some situations may 
benefit from experimentation to eliminate any residual noise issues. Examples might include tying the 
grounds together, using additional low-inductance decoupling caps in parallel with the recommended ones, 
investigating the effects of different dc-dc converter settings, etc.

16.6. Selecting the Optimum Switch Size

The dc-dc converter has two built-in switches (the diode bypass switch and duty cycle control switch). To 
maximize efficiency, one of two switch sizes may be selected. The large switches are ideal for carrying 
high currents and the small switches are ideal for low current applications. The ideal switchover point to 
switch from the small switches to the large switches varies with the programmed output voltage. At an out-
put voltage of 2 V, the ideal switchover point is at approximately 4 mA total output current. At an output 
voltage of 3 V, the ideal switchover point is at approximately 8 mA total output current.

16.7. DC-DC Converter Clocking Options

The dc-dc converter may be clocked from its internal oscillator, or from any system clock source, select-
able by the CLKSEL bit (DC0CF.0). The dc-dc converter internal oscillator frequency is approximately 
2.4 MHz. For a more accurate clock source, the system clock, or a divided version of the system clock may 
be used as the dc-dc clock source. The dc-dc converter has a built in clock divider (configured using 
DC0CF[6:5]) which allows any system clock frequency over 1.6 MHz to generate a valid clock in the range 
of 1.6 to 3.2 MHz. 

When the precision internal oscillator is selected as the system clock source, the OSCICL register may be 
used to fine tune the oscillator frequency and the dc-dc converter clock. The oscillator frequency should 
only be decreased since it is factory calibrated at its maximum frequency. The minimum frequency which 
can be reached by the oscillator after taking into account process variations is approximately 16 MHz. The 
system clock routed to the dc-dc converter clock divider also may be inverted by setting the CLKINV bit 
(DC0CF.3) to logic 1. These options can be used to minimize interference in noise sensitive applications.

16.8. DC-DC Converter Behavior in Sleep Mode

When the C8051F93x-C8051F92x devices are placed in Sleep mode, the dc-dc converter is disabled, and 
the VDD/DC+ output is internally connected to VBAT by default. This behavior ensures that the GPIO pins 
are powered from a low-impedance source during sleep mode. If the GPIO pins are not used as inputs or 
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18.1. Power-On (VBAT Supply Monitor) Reset 

During power-up, the device is held in a reset state and the RST pin is driven low until VBAT settles above 
VPOR. An additional delay occurs before the device is released from reset; the delay decreases as the 
VBAT ramp time increases (VBAT ramp time is defined as how fast VBAT ramps from 0 V to VPOR). 
Figure 18.3 plots the power-on and VDD monitor reset timing. For valid ramp times (less than 3 ms), the 
power-on reset delay (TPORDelay) is typically 3 ms (VBAT = 0.9 V), 7 ms (VBAT = 1.8 V), or 15 ms (VBAT = 
3.6 V).

Note: The maximum VDD ramp time is 3 ms; slower ramp times may cause the device to be released from reset 
before VBAT reaches the VPOR level. 

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. 

Figure 18.2. Power-Fail Reset Timing Diagram
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SFR Page = 0x0; SFR Address = 0xAE

SFR Definition 20.1. RTC0KEY: SmaRTClock Lock and Key

Bit 7 6 5 4 3 2 1 0

Name RTC0ST[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 RTC0ST SmaRTClock Interface Lock/Key and Status. 

Locks/unlocks the SmaRTClock interface when written. Provides lock status when 
read.

Read:
0x00: SmaRTClock Interface is locked.
0x01: SmaRTClock Interface is locked.
First key code (0xA5) has been written, waiting for second key code.
0x02: SmaRTClock Interface is unlocked. 
First and second key codes (0xA5, 0xF1) have been written.
0x03: SmaRTClock Interface is disabled until the next system reset.

Write:
When RTC0ST = 0x00 (locked), writing 0xA5 followed by 0xF1 unlocks the 
SmaRTClock Interface.

When RTC0ST = 0x01 (waiting for second key code), writing any value other 
than the second key code (0xF1) will change RTC0STATE to 0x03 and disable 
the SmaRTClock Interface until the next system reset.

When RTC0ST = 0x02 (unlocked), any write to RTC0KEY will lock the SmaRT-
Clock Interface.

When RTC0ST = 0x03 (disabled), writes to RTC0KEY have no effect.



Rev. 1.2 215

C8051F93x-C8051F92x

21.2.2. Assigning Port I/O Pins to Digital Functions

Any Port pins not assigned to analog functions may be assigned to digital functions or used as GPIO. Most 
digital functions rely on the Crossbar for pin assignment; however, some digital functions bypass the 
Crossbar in a manner similar to the analog functions listed above. Port pins used by these digital func-
tions and any Port pins selected for use as GPIO should have their corresponding bit in PnSKIP set 
to 1. Table 21.2 shows all available digital functions and the potential mapping of Port I/O to each digital 
function.

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

External digital event capture functions can be used to trigger an interrupt or wake the device from a low 
power mode when a transition occurs on a digital I/O pin. The digital event capture functions do not require 
dedicated pins and will function on both GPIO pins (PnSKIP = 1) and pins in use by the Crossbar (PnSKIP 
= 0). External digital even capture functions cannot be used on pins configured for analog I/O. Table 21.3 
shows all available external digital event capture functions.

Table 21.2. Port I/O Assignment for Digital Functions

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

UART0, SPI1, SPI0, SMBus, 
CP0 and CP1 Outputs, Sys-
tem Clock Output, PCA0, 
Timer0 and Timer1 External 
Inputs.

Any Port pin available for assignment by the 
Crossbar. This includes P0.0–P2.6 pins which 

have their PnSKIP bit set to 0. 
Note: The Crossbar will always assign UART0 and 

SPI1 pins to fixed locations. 

XBR0, XBR1, XBR2

Any pin used for GPIO P0.0–P2.6 P0SKIP, P1SKIP, 
P2SKIP

External Memory Interface P1.0–P2.6 P1SKIP, P2SKIP
EMI0CF

Table 21.3. Port I/O Assignment for External Digital Event Capture Functions

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

External Interrupt 0 P0.0–P0.7 IT01CF

External Interrupt 1 P0.0–P0.7 IT01CF

Port Match P0.0–P1.7
Note: On C8051F931/21 devices Port Match is not 

available on P1.6 or P1.7.

P0MASK, P0MAT
P1MASK, P1MAT
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23.1. 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 23.2), 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 23.2. UART0 Baud Rate Logic

Timer 1 should be configured for Mode 2, 8-bit auto-reload (see Section “25.1.3. Mode 2: 8-bit Coun-
ter/Timer with Auto-Reload” on page 282). 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 exter-
nal input T1. For any given Timer 1 clock source, the UART0 baud rate is determined by Equation 23.1-A 
and Equation 23.1-B.

Equation 23.1. UART0 Baud Rate
Where T1CLK is the frequency of the clock supplied to Timer 1, and T1H is the high byte of Timer 1 (reload 
value). Timer 1 clock frequency is selected as described in Section “25.1. Timer 0 and Timer 1” on 
page 280. A quick reference for typical baud rates and system clock frequencies is given in Table 23.1 
through Table 23.2. Note that the internal oscillator may still generate the system clock when the external 
oscillator is driving Timer 1. 
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24.1. Signal Descriptions

The four signals used by each SPIn (MOSI, MISO, SCK, NSS) are described below. 

24.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It 
is used to serially transfer data from the master to the slave. This signal is an output when SPIn is operat-
ing as a master anSPInd an input when SPIn is operating as a slave. Data is transferred most-significant 
bit first. When configured as a master, MOSI is driven by the MSB of the shift register in both 3- and 4-wire 
mode.

24.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to the master device. 
It is used to serially transfer data from the slave to the master. This signal is an input when SPIn is operat-
ing as a master and an output when SPIn is operating as a slave. Data is transferred most-significant bit 
first. The MISO pin is placed in a high-impedance state when the SPI module is disabled and when the SPI 
operates in 4-wire mode as a slave that is not selected. When acting as a slave in 3-wire mode, MISO is 
always driven by the MSB of the shift register.

24.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an input to slave devices. It is used 
to synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPIn gen-
erates this signal when operating as a master. The SCK signal is ignored by a SPI slave when the slave is 
not selected (NSS = 1) in 4-wire slave mode.

24.1.4. Slave Select (NSS)

The function of the slave-select (NSS) signal is dependent on the setting of the NSSnMD1 and NSSnMD0 
bits in the SPInCN register. There are three possible modes that can be selected with these bits:

1. NSSMD[1:0] = 00: 3-Wire Master or 3-Wire Slave Mode: SPIn operates in 3-wire mode, and 
NSS is disabled. When operating as a slave device, SPIn is always selected in 3-wire mode. 
Since no select signal is present, SPIn must be the only slave on the bus in 3-wire mode. This 
is intended for point-to-point communication between a master and one slave.

2. NSSMD[1:0] = 01: 4-Wire Slave or Multi-Master Mode: SPIn operates in 4-wire mode, and 
NSS is enabled as an input. When operating as a slave, NSS selects the SPIn device. When 
operating as a master, a 1-to-0 transition of the NSS signal disables the master function of 
SPIn so that multiple master devices can be used on the same SPI bus.

3. NSSMD[1:0] = 1x: 4-Wire Master Mode: SPIn operates in 4-wire mode, and NSS is enabled as 
an output. The setting of NSSMD0 determines what logic level the NSS pin will output. This 
configuration should only be used when operating SPIn as a master device.

See Figure 24.2, Figure 24.3, and Figure 24.4 for typical connection diagrams of the various operational 
modes. Note that the setting of NSSMD bits affects the pinout of the device. When in 3-wire master or 
3-wire slave mode, the NSS pin will not be mapped by the crossbar. In all other modes, the NSS signal will 
be mapped to a pin on the device. See Section “21. Port Input/Output” on page 212 for general purpose 
port I/O and crossbar information.
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Figure 24.6. Slave Mode Data/Clock Timing (CKPHA = 0)

Figure 24.7. Slave Mode Data/Clock Timing (CKPHA = 1)
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SFR Page = 0x0; SFR Address = 0x8E

SFR Definition 25.1. CKCON: Clock Control

Bit 7 6 5 4 3 2 1 0

Name T3MH T3ML T2MH T2ML T1M T0M SCA[1:0]

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 T3MH Timer 3 High Byte Clock Select.

Selects the clock supplied to the Timer 3 high byte (split 8-bit timer mode only).
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.

6 T3ML Timer 3 Low Byte Clock Select.

Selects the clock supplied to Timer 3. Selects the clock supplied to the lower 8-bit timer 
in split 8-bit timer mode.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.

5 T2MH Timer 2 High Byte Clock Select.

Selects the clock supplied to the Timer 2 high byte (split 8-bit timer mode only).
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.

4 T2ML Timer 2 Low Byte Clock Select.

Selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer mode, 
this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 low byte uses the system clock.

3 T1M Timer 1 Clock Select.

Selects the clock source supplied to Timer 1. Ignored when C/T1 is set to 1.
0: Timer 1 uses the clock defined by the prescale bits SCA[1:0].
1: Timer 1 uses the system clock.

2 T0M Timer 0 Clock Select.

Selects the clock source supplied to Timer 0. Ignored when C/T0 is set to 1.
0: Counter/Timer 0 uses the clock defined by the prescale bits SCA[1:0].
1: Counter/Timer 0 uses the system clock.

1:0 SCA[1:0] Timer 0/1 Prescale Bits.

These bits control the Timer 0/1 Clock Prescaler:
00: System clock divided by 12
01: System clock divided by 4
10: System clock divided by 48
11: External clock divided by 8 (synchronized with the system clock)
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25.2.3. Comparator 0/SmaRTClock Capture Mode

The Capture Mode in Timer 2 allows either Comparator 0 or the SmaRTClock period to be measured 
against the system clock or the system clock divided by 12. Comparator 0 and the SmaRTClock period can 
also be compared against each other. Timer 2 Capture Mode is enabled by setting TF2CEN to 1. Timer 2 
should be in 16-bit auto-reload mode when using Capture Mode.

When Capture Mode is enabled, a capture event will be generated either every Comparator 0 rising edge 
or every 8 SmaRTClock clock cycles, depending on the T2XCLK1 setting. When the capture event occurs, 
the contents of Timer 2 (TMR2H:TMR2L) are loaded into the Timer 2 reload registers 
(TMR2RLH:TMR2RLL) and the TF2H flag is set (triggering an interrupt if Timer 2 interrupts are enabled). 
By recording the difference between two successive timer capture values, the Comparator 0 or SmaRT-
Clock period can be determined with respect to the Timer 2 clock. The Timer 2 clock should be much faster 
than the capture clock to achieve an accurate reading. 

For example, if T2ML = 1b, T2XCLK1 = 0b, and TF2CEN = 1b, Timer 2 will clock every SYSCLK and cap-
ture every SmaRTClock clock divided by 8. If the SYSCLK is 24.5 MHz and the difference between two 
successive captures is 5984, then the SmaRTClock clock is:

24.5 MHz/(5984/8) = 0.032754 MHz or 32.754 kHz.

This mode allows software to determine the exact SmaRTClock frequency in self-oscillate mode and the 
time between consecutive Comparator 0 rising edges, which is useful for detecting changes in the 
capacitance of a Touch Sense Switch.

Figure 25.6. Timer 2 Capture Mode Block Diagram
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26.3. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: edge-triggered 
capture, software timer, high speed output, frequency output, 8 to 11-bit pulse width modulator, or 16-bit 
pulse width modulator. Each module has Special Function Registers (SFRs) associated with it in the CIP-
51 system controller. These registers are used to exchange data with a module and configure the module's 
mode of operation. Table 26.2 summarizes the bit settings in the PCA0CPMn and PCA0PWM registers 
used to select the PCA capture/compare module’s operating mode. Note that all modules set to use 8, 9, 
10, or 11-bit PWM mode must use the same cycle length (8-11 bits). Setting the ECCFn bit in a 
PCA0CPMn register enables the module's CCFn interrupt.

Table 26.2. PCA0CPM and PCA0PWM Bit Settings for PCA Capture/Compare Modules

Operational Mode PCA0CPMn PCA0PWM

Bit Number 7 6 5 4 3 2 1 0 7 6 5 4–2 1–0

Capture triggered by positive edge on CEXn X X 1 0 0 0 0 A 0 X B XXX XX

Capture triggered by negative edge on CEXn X X 0 1 0 0 0 A 0 X B XXX XX

Capture triggered by any transition on CEXn X X 1 1 0 0 0 A 0 X B XXX XX

Software Timer X C 0 0 1 0 0 A 0 X B XXX XX

High Speed Output X C 0 0 1 1 0 A 0 X B XXX XX

Frequency Output X C 0 0 0 1 1 A 0 X B XXX XX

8-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A 0 X B XXX 00

9-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 01

10-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 10

11-Bit Pulse Width Modulator (Note 7) 0 C 0 0 E 0 1 A D X B XXX 11

16-Bit Pulse Width Modulator 1 C 0 0 E 0 1 A 0 X B XXX XX

Notes:
1. X = Don’t Care (no functional difference for individual module if 1 or 0).
2. A = Enable interrupts for this module (PCA interrupt triggered on CCFn set to 1).
3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL[1:0]).
4. C = When set to 0, the digital comparator is off. For high speed and frequency output modes, the 

associated pin will not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).
5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated 

channel is accessed via addresses PCA0CPHn and PCA0CPLn.
6. E = When set, a match event will cause the CCFn flag for the associated channel to be set.
7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting. 
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SFR Page = 0x0; SFR Address = 0xD9

SFR Definition 26.2. PCA0MD: PCA Mode

Bit 7 6 5 4 3 2 1 0

Name CIDL WDTE WDLCK CPS2 CPS1 CPS0 ECF

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

Reset 0 1 0 0 0 0 0 0

Bit Name Function

7 CIDL PCA Counter/Timer Idle Control.

Specifies PCA behavior when CPU is in Idle Mode.
0: PCA continues to function normally while the system controller is in Idle Mode.
1: PCA operation is suspended while the system controller is in Idle Mode.

6 WDTE Watchdog Timer Enable.

If this bit is set, PCA Module 2 is used as the watchdog timer.
0: Watchdog Timer disabled.
1: PCA Module 2 enabled as Watchdog Timer.

5 WDLCK Watchdog Timer Lock.

This bit locks/unlocks the Watchdog Timer Enable. When WDLCK is set, the Watchdog 
Timer may not be disabled until the next system reset.
0: Watchdog Timer Enable unlocked.
1: Watchdog Timer Enable locked.

4 Unused Unused.

Read = 0b, Write = don't care.

3:1 CPS[2:0] PCA Counter/Timer Pulse Select. 

These bits select the timebase source for the PCA counter
000: System clock divided by 12
001: System clock divided by 4
010: Timer 0 overflow
011: High-to-low transitions on ECI (max rate = system clock divided by 4)
100: System clock
101: External clock divided by 8 (synchronized with the system clock)
110: Reserved
111: Reserved

0 ECF PCA Counter/Timer Overflow Interrupt Enable. 

This bit sets the masking of the PCA Counter/Timer Overflow (CF) interrupt. 
0: Disable the CF interrupt.
1: Enable a PCA Counter/Timer Overflow interrupt request when CF (PCA0CN.7) is 
set.

Note: When the WDTE bit is set to 1, the other bits in the PCA0MD register cannot be modified. To change the 
contents of the PCA0MD register, the Watchdog Timer must first be disabled.


