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Figure 1.1. C8051F930 Block Diagram

Figure 1.2. C8051F931 Block Diagram
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Figure 3.3. LQFP-32 Pinout Diagram (Top View)
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Figure 3.9. Typical LQFP-32 Landing Diagram 

Table 3.7. PCB Land Pattern

Dimension MIN MAX

C1 8.40 8.50

C2 8.40 8.50

E 0.80 BSC

X1 0.40 0.50

Y1 1.25 1.35

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.

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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Figure 4.9. Typical VOL Curves, 1.8–3.6 V
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5.4. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADC0 output registers to user-
programmed limits, and notifies the system when a desired condition is detected. This is especially 
effective in an interrupt-driven system, saving code space and CPU bandwidth while delivering faster 
system response times. The window detector interrupt flag (AD0WINT in register ADC0CN) can also be 
used in polled mode. The ADC0 Greater-Than (ADC0GTH, ADC0GTL) and Less-Than (ADC0LTH, 
ADC0LTL) registers hold the comparison values. The window detector flag can be programmed to indicate 
when measured data is inside or outside of the user-programmed limits, depending on the contents of the 
ADC0 Less-Than and ADC0 Greater-Than registers.

SFR Page = 0x0; SFR Address = 0xC4

SFR Page = 0x0; SFR Address = 0xC3

SFR Definition 5.8. ADC0GTH: ADC0 Greater-Than High Byte

Bit 7 6 5 4 3 2 1 0

Name AD0GT[15:8]

Type R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:0 AD0GT[15:8] ADC0 Greater-Than High Byte.
Most Significant Byte of the 16-bit Greater-Than window compare register.

SFR Definition 5.9. ADC0GTL: ADC0 Greater-Than Low Byte

Bit 7 6 5 4 3 2 1 0

Name AD0GT[7:0]

Type R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:0 AD0GT[7:0] ADC0 Greater-Than Low Byte.
Least Significant Byte of the 16-bit Greater-Than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.
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CLR A Clear A 1 1
CPL A Complement A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through Carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through Carry 1 1
SWAP A Swap nibbles of A 1 1

Data Transfer
MOV A, Rn Move Register to A 1 1
MOV A, direct Move direct byte to A 2 2
MOV A, @Ri Move indirect RAM to A 1 2
MOV A, #data Move immediate to A 2 2
MOV Rn, A Move A to Register 1 1
MOV Rn, direct Move direct byte to Register 2 2
MOV Rn, #data Move immediate to Register 2 2
MOV direct, A Move A to direct byte 2 2
MOV direct, Rn Move Register to direct byte 2 2
MOV direct, direct Move direct byte to direct byte 3 3
MOV direct, @Ri Move indirect RAM to direct byte 2 2
MOV direct, #data Move immediate to direct byte 3 3
MOV @Ri, A Move A to indirect RAM 1 2
MOV @Ri, direct Move direct byte to indirect RAM 2 2
MOV @Ri, #data Move immediate to indirect RAM 2 2
MOV DPTR, #data16 Load DPTR with 16-bit constant 3 3
MOVC A, @A+DPTR Move code byte relative DPTR to A 1 3
MOVC A, @A+PC Move code byte relative PC to A 1 3
MOVX A, @Ri Move external data (8-bit address) to A 1 3
MOVX @Ri, A Move A to external data (8-bit address) 1 3
MOVX A, @DPTR Move external data (16-bit address) to A 1 3
MOVX @DPTR, A Move A to external data (16-bit address) 1 3
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A, Rn Exchange Register with A 1 1
XCH A, direct Exchange direct byte with A 2 2
XCH A, @Ri Exchange indirect RAM with A 1 2
XCHD A, @Ri Exchange low nibble of indirect RAM with A 1 2

Boolean Manipulation
CLR C Clear Carry 1 1
CLR bit Clear direct bit 2 2
SETB C Set Carry 1 1
SETB bit Set direct bit 2 2
CPL C Complement Carry 1 1
CPL bit Complement direct bit 2 2
ANL C, bit AND direct bit to Carry 2 2

Table 8.1. CIP-51 Instruction Set Summary  (Continued)

Mnemonic Description Bytes Clock 
Cycles
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Figure 10.2. Multiplexed to Non-Multiplexed Configuration Example
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SFR Page = All Pages; SFR Address = 0xA7

SFR Definition 11.1. SFR Page: SFR Page

Bit 7 6 5 4 3 2 1 0

Name SFRPAGE[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 SFRPAGE[7:0] SFR Page.

Specifies the SFR Page used when reading, writing, or modifying special function 
registers.

Table 11.3. Special Function Registers  

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

Register Address SFR Page Description Page

ACC  0xE0 All Accumulator 107

ADC0AC  0xBA 0x0 ADC0 Accumulator Configuration 74

ADC0CF  0xBC 0x0 ADC0 Configuration 73

ADC0CN  0xE8 0x0 ADC0 Control 72

ADC0GTH  0xC4 0x0 ADC0 Greater-Than Compare High 78

ADC0GTL  0xC3 0x0 ADC0 Greater-Than Compare Low 78

ADC0H  0xBE 0x0 ADC0 High 77

ADC0L  0xBD 0x0 ADC0 Low 77

ADC0LTH  0xC6 0x0 ADC0 Less-Than Compare Word High 79

ADC0LTL  0xC5 0x0 ADC0 Less-Than Compare Word Low 79

ADC0MX  0xBB 0x0 AMUX0 Channel Select 82

ADC0PWR  0xBA 0xF ADC0 Burst Mode Power-Up Time 75

ADC0TK  0xBD 0xF ADC0 Tracking Control 76

B  0xF0 All B Register 107

CKCON  0x8E 0x0 Clock Control 279

CLKSEL  0xA9 All Clock Select 193

CPT0CN  0x9B 0x0 Comparator0 Control 94

CPT0MD  0x9D 0x0 Comparator0 Mode Selection 94

CPT0MX  0x9F 0x0 Comparator0 Mux Selection 98

CPT1CN  0x9A 0x0 Comparator1 Control 95
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13.4. Determining the Device Part Number at Run Time

In many applications, user software may need to determine the MCU part number at run time in order to 
determine the hardware capabilities. The part number can be determined by reading the value of the Flash 
byte at address 0xFFFE.

The value of the Flash byte at address 0xFFFE can be decoded as follows:

0x56—C8051F930
0x5E—C8051F931
0xB1—C8051F920
0xB3—C8051F921
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14.2. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the CIP-51 to halt the CPU and enter Idle mode as soon 
as the instruction that sets the bit completes execution. All internal registers and memory maintain their 
original data. All analog and digital peripherals can remain active during Idle mode.

Note: To ensure the MCU enters a low power state upon entry into Idle Mode, the one-shot circuit should be 
enabled by clearing the BYPASS bit (FLSCL.6) to logic 0. See the note in SFR Definition 13.3. FLSCL: 
Flash Scale for more information on how to properly clear the BYPASS bit.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an 
enabled interrupt will cause the Idle Mode Selection bit (PCON.0) to be cleared and the CPU to resume 
operation. The pending interrupt will be serviced and the next instruction to be executed after the return 
from interrupt (RETI) will be the instruction immediately following the one that set the Idle Mode Select bit. 
If Idle mode is terminated by an internal or external reset, the CIP-51 performs a normal reset sequence 
and begins program execution at address 0x0000.

If enabled, the Watchdog Timer (WDT) will eventually cause an internal watchdog reset and thereby termi-
nate the Idle mode. This feature protects the system from an unintended permanent shutdown in the event 
of an inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by 
software prior to entering the idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the Idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “18.6. PCA Watchdog Timer 
Reset” on page 184 for more information on the use and configuration of the WDT.

14.3. Stop Mode

Setting the Stop Mode Select bit (PCON.1) causes the CIP-51 to enter Stop mode as soon as the instruc-
tion that sets the bit completes execution. In Stop mode the precision internal oscillator and CPU are 
stopped; the state of the low power oscillator and the external oscillator circuit is not affected. Each analog 
peripheral (including the external oscillator circuit) may be shut down individually prior to entering Stop 
Mode. Stop mode can only be terminated by an internal or external reset. On reset, the CIP-51 performs 
the normal reset sequence and begins program execution at address 0x0000. 

If enabled, the Missing Clock Detector will cause an internal reset and thereby terminate the Stop mode. 
The Missing Clock Detector should be disabled if the CPU is to be put to in STOP mode for longer than the 
MCD timeout of 100 µs.

Stop Mode is a legacy 8051 power mode; it will not result in optimal power savings. Sleep or Suspend 
mode will provide more power savings if the MCU needs to be inactive for a long period of time.

On C8051F930, C8051F931, C8051F920, and C8051F921 devices, the Precision Oscillator Bias is not 
automatically disabled and should be disabled by software to achieve the lowest possible Stop mode cur-
rent. 

Note: To ensure the MCU enters a low power state upon entry into Stop Mode, the one-shot circuit should be 
enabled by clearing the BYPASS bit (FLSCL.6) to logic 0. See the note in SFR Definition 13.3. FLSCL: 
Flash Scale for more information on how to properly clear the BYPASS bit.
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SFR Page = 0xF; SFR Address = 0x92

SFR Definition 15.1. CRC0CN: CRC0 Control

Bit 7 6 5 4 3 2 1 0

Name CRC0SEL CRC0INIT CRC0VAL CRC0PNT[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

7:5 Unused Unused. 

Read = 000b; Write = Don’t Care.

4 CRC0SEL CRC0 Polynomial Select Bit.

This bit selects the CRC0 polynomial and result length (32-bit or 16-bit).
0: CRC0 uses the 32-bit polynomial 0x04C11DB7 for calculating the CRC result.
1: CRC0 uses the 16-bit polynomial 0x1021 for calculating the CRC result.

3 CRC0INIT CRC0 Result Initialization Bit.

Writing a 1 to this bit initializes the entire CRC result based on CRC0VAL.

2 CRC0VAL CRC0 Set Value Initialization Bit.

This bit selects the set value of the CRC result.
0: CRC result is set to 0x00000000 on write of 1 to CRC0INIT.
1: CRC result is set to 0xFFFFFFFF on write of 1 to CRC0INIT. 

1:0 CRC0PNT[1:0] CRC0 Result Pointer.

Specifies the byte of the CRC result to be read/written on the next access to 
CRC0DAT. The value of these bits will auto-increment upon each read or write.
For CRC0SEL = 0:
00: CRC0DAT accesses bits 7–0 of the 32-bit CRC result.
01: CRC0DAT accesses bits 15–8 of the 32-bit CRC result.
10: CRC0DAT accesses bits 23–16 of the 32-bit CRC result.
11: CRC0DAT accesses bits 31–24 of the 32-bit CRC result.
For CRC0SEL = 1:
00: CRC0DAT accesses bits 7–0 of the 16-bit CRC result.
01: CRC0DAT accesses bits 15–8 of the 16-bit CRC result.
10: CRC0DAT accesses bits 7–0 of the 16-bit CRC result. 
11: CRC0DAT accesses bits 15–8 of the 16-bit CRC result.

Note: Upon initiation of an automatic CRC calculation, the third opcode byte fetched from program memory is 
indeterminate. Therefore, writes to CRC0CN that initiate a CRC operation must be immediately followed by a 
benign 3-byte instruction whose third byte is a don’t care. An example of such an instruction is a 3-byte MOV 
that targets the CRC0FLIP register. When programming in ‘C’, the dummy value written to CRC0FLIP should 
be a non-zero value to prevent the compiler from generating a 2-byte MOV instruction.
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20.1.4. SmaRTClock Interface Autoread Feature

When Autoread is enabled, each read from RTC0DAT initiates the next indirect read operation on the 
SmaRTClock internal register selected by RTC0ADR. Software should set the BUSY bit once at the 
beginning of each series of consecutive reads. Software should follow recommended instruction timing or 
check if the SmaRTClock Interface is busy prior to reading RTC0DAT. Autoread is enabled by setting 
AUTORD (RTC0ADR.6) to logic 1.

20.1.5. RTC0ADR Autoincrement Feature

For ease of reading and writing the 32-bit CAPTURE and ALARM values, RTC0ADR automatically 
increments after each read or write to a CAPTUREn or ALARMn register. This speeds up the process of 
setting an alarm or reading the current SmaRTClock timer value. Autoincrement is always enabled.

Recommended Instruction Timing for a multi-byte register read with short strobe and autoread enabled:

mov RTC0ADR, #0d0h
nop
nop
nop
mov A, RTC0DAT
nop
nop
mov A, RTC0DAT
nop
nop
mov A, RTC0DAT
nop
nop
mov A, RTC0DAT

Recommended Instruction Timing for a multi-byte register write with short strobe enabled:

mov RTC0ADR, #010h
mov RTC0DAT, #05h
nop
mov RTC0DAT, #06h
nop
mov RTC0DAT, #07h
nop
mov RTC0DAT, #08h
nop
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21.1. Port I/O Modes of Operation

Port pins P0.0–P2.6 use the Port I/O cell shown in Figure 21.2. Each Port I/O cell can be configured by 
software for analog I/O or digital I/O using the PnMDIN registers. On reset, all Port I/O cells default to a dig-
ital high impedance state with weak pull-ups enabled. 

21.1.1. Port Pins Configured for Analog I/O

Any pins to be used as Comparator or ADC input, external oscillator input/output, or AGND, VREF, or Cur-
rent Reference output should be configured for analog I/O (PnMDIN.n = 0). When a pin is configured for 
analog I/O, its weak pullup and digital receiver are disabled. In most cases, software should also disable 
the digital output drivers. Port pins configured for analog I/O will always read back a value of 0 regardless 
of the actual voltage on the pin.

Configuring pins as analog I/O saves power and isolates the Port pin from digital interference. Port pins 
configured as digital inputs may still be used by analog peripherals; however, this practice is not recom-
mended and may result in measurement errors.

21.1.2. Port Pins Configured For Digital I/O

Any pins to be used by digital peripherals (UART, SPI, SMBus, etc.), external digital event capture func-
tions, or as GPIO should be configured as digital I/O (PnMDIN.n = 1). For digital I/O pins, one of two output 
modes (push-pull or open-drain) must be selected using the PnMDOUT registers. 

Push-pull outputs (PnMDOUT.n = 1) drive the Port pad to the VDD/DC+ or GND supply rails based on the 
output logic value of the Port pin. Open-drain outputs have the high side driver disabled; therefore, they 
only drive the Port pad to GND when the output logic value is 0 and become high impedance inputs (both 
high and low drivers turned off) when the output logic value is 1. 

When a digital I/O cell is placed in the high impedance state, a weak pull-up transistor pulls the Port pad to 
the VDD/DC+ supply voltage to ensure the digital input is at a defined logic state. Weak pull-ups are dis-
abled when the I/O cell is driven to GND to minimize power consumption and may be globally disabled by 
setting WEAKPUD to 1. The user must ensure that digital I/O are always internally or externally pulled or 
driven to a valid logic state. Port pins configured for digital I/O always read back the logic state of the Port 
pad, regardless of the output logic value of the Port pin.

Figure 21.2. Port I/O Cell Block Diagram
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SFR Page = 0xF; SFR Address = 0xA4

SFR Definition 21.12. P0DRV: Port0 Drive Strength

Bit 7 6 5 4 3 2 1 0

Name P0DRV[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 P0DRV[7:0] Drive Strength Configuration Bits for P0.7–P0.0 (respectively).

Configures digital I/O Port cells to high or low output drive strength. 
0: Corresponding P0.n Output has low output drive strength.
1: Corresponding P0.n Output has high output drive strength.
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22.1. Supporting Documents

It is assumed the reader is familiar with or has access to the following supporting documents:

1. The I2C-Bus and How to Use It (including specifications), Philips Semiconductor.

2. The I2C-Bus Specification—Version 2.0, Philips Semiconductor.
3. System Management Bus Specification—Version 1.1, SBS Implementers Forum.

22.2. SMBus Configuration

Figure 22.2 shows a typical SMBus configuration. The SMBus specification allows any recessive voltage 
between 3.0 V and 5.0 V; different devices on the bus may operate at different voltage levels. The bi-
directional SCL (serial clock) and SDA (serial data) lines must be connected to a positive power supply 
voltage through a pullup resistor or similar circuit. Every device connected to the bus must have an open-
drain or open-collector output for both the SCL and SDA lines, so that both are pulled high (recessive 
state) when the bus is free. The maximum number of devices on the bus is limited only by the requirement 
that the rise and fall times on the bus not exceed 300 ns and 1000 ns, respectively.

Figure 22.2. Typical SMBus Configuration
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22.4.2. SMB0CN Control Register

SMB0CN is used to control the interface and to provide status information (see SFR Definition 22.2). The 
higher four bits of SMB0CN (MASTER, TXMODE, STA, and STO) form a status vector that can be used to 
jump to service routines. MASTER indicates whether a device is the master or slave during the current 
transfer. TXMODE indicates whether the device is transmitting or receiving data for the current byte. 

STA and STO indicate that a START and/or STOP has been detected or generated since the last SMBus 
interrupt. STA and STO are also used to generate START and STOP conditions when operating as a 
master. Writing a 1 to STA will cause the SMBus interface to enter Master Mode and generate a START 
when the bus becomes free (STA is not cleared by hardware after the START is generated). Writing a 1 to 
STO while in Master Mode will cause the interface to generate a STOP and end the current transfer after 
the next ACK cycle. If STO and STA are both set (while in Master Mode), a STOP followed by a START will 
be generated.

The ARBLOST bit indicates that the interface has lost an arbitration. This may occur anytime the interface 
is transmitting (master or slave). A lost arbitration while operating as a slave indicates a bus error 
condition. ARBLOST is cleared by hardware each time SI is cleared.

The SI bit (SMBus Interrupt Flag) is set at the beginning and end of each transfer, after each byte frame, or 
when an arbitration is lost; see Table 22.3 for more details. 
Important Note About the SI Bit: The SMBus interface is stalled while SI is set; thus SCL is held low, and 
the bus is stalled until software clears SI. 

22.4.2.1.Software ACK Generation

When the EHACK bit in register SMB0ADM is cleared to 0, the firmware on the device must detect incom-
ing slave addresses and ACK or NACK the slave address and incoming data bytes. As a receiver, writing 
the ACK bit defines the outgoing ACK value; as a transmitter, reading the ACK bit indicates the value 
received during the last ACK cycle. ACKRQ is set each time a byte is received, indicating that an outgoing 
ACK value is needed. When ACKRQ is set, software should write the desired outgoing value to the ACK 
bit before clearing SI. A NACK will be generated if software does not write the ACK bit before clearing SI. 
SDA will reflect the defined ACK value immediately following a write to the ACK bit; however SCL will 
remain low until SI is cleared. If a received slave address is not acknowledged, further slave events will be 
ignored until the next START is detected.

22.4.2.2.Hardware ACK Generation

When the EHACK bit in register SMB0ADM is set to 1, automatic slave address recognition and ACK gen-
eration is enabled. More detail about automatic slave address recognition can be found in Section 22.4.3. 
As a receiver, the value currently specified by the ACK bit will be automatically sent on the bus during the 
ACK cycle of an incoming data byte. As a transmitter, reading the ACK bit indicates the value received on 
the last ACK cycle. The ACKRQ bit is not used when hardware ACK generation is enabled. If a received 
slave address is NACKed by hardware, further slave events will be ignored until the next START is 
detected, and no interrupt will be generated.

Table 22.3 lists all sources for hardware changes to the SMB0CN bits. Refer to Table 22.5 for SMBus 
status decoding using the SMB0CN register. 

Refer to the C8051F930 errata when using hardware ACK generation on C8051F930/31/20/21 devices.
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SFR Addresses: SPI0DAT = 0xA3, SPI1DAT = 0x86 
SFR Pages: SPI0DAT = 0x0, SPI1DAT = 0x0

SFR Definition 24.4. SPInDAT: SPI Data

Bit 7 6 5 4 3 2 1 0

Name SPInDAT[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 SPInDAT SPIn Transmit and Receive Data.

The SPInDAT register is used to transmit and receive SPIn data. Writing data to 
SPInDAT places the data into the transmit buffer and initiates a transfer when in 
Master Mode. A read of SPInDAT returns the contents of the receive buffer.
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SFR Page = 0x0; SFR Address = 0x94

SFR Page = 0x0; SFR Address = 0x95

SFR Definition 25.16. TMR3L: Timer 3 Low Byte

Bit 7 6 5 4 3 2 1 0

Name TMR3L[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 TMR3L[7:0] Timer 3 Low Byte.

In 16-bit mode, the TMR3L register contains the low byte of the 16-bit Timer 3. In 
8-bit mode, TMR3L contains the 8-bit low byte timer value.

SFR Definition 25.17. TMR3H Timer 3 High Byte

Bit 7 6 5 4 3 2 1 0

Name TMR3H[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 TMR3H[7:0] Timer 3 High Byte.

In 16-bit mode, the TMR3H register contains the high byte of the 16-bit Timer 3. In 
8-bit mode, TMR3H contains the 8-bit high byte timer value.


