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1.1. CIP-51TM CPU 

1.1.1. Fully 8051 Compatible 
The C8051F000 family utilizes Silicon Laboratories’ proprietary CIP-51 microcontroller core.  The CIP-51 is fully 
compatible with the MCS-51TM instruction set.  Standard 803x/805x assemblers and compilers can be used to 
develop software.  The core has all the peripherals included with a standard 8052, including four 16-bit 
counter/timers, a full-duplex UART, 256 bytes of internal RAM space, 128 byte Special Function Register (SFR) 
address space, and four byte-wide I/O Ports. 
 

1.1.2. Improved Throughput 
The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the standard 8051 
architecture.  In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system clock cycles to 
execute with a maximum system clock of 12-to-24MHz.  By contrast, the CIP-51 core executes 70% of its 
instructions in one or two system clock cycles, with only four instructions taking more than four system clock 
cycles.   
 
The CIP-51 has a total of 109 instructions.  The number of instructions versus the system clock cycles to execute 
them is as follows: 

 
Instructions 26 50 5 14 7 3 1 2 1 

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8 
 

With the CIP-51’s maximum system clock at 25MHz, it has a peak throughput of 25MIPS.  Figure 1.4 shows a 
comparison of peak throughputs of various 8-bit microcontroller cores with their maximum system clocks. 

 

Figure 1.4.  Comparison of Peak MCU Execution Speeds 
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1.1.3.  Additional Features 
The C8051F000 MCU family has several key enhancements both inside and outside the CIP-51 core to improve its 
overall performance and ease of use in the end applications.  
 
The extended interrupt handler provides 21 interrupt sources into the CIP-51 (as opposed to 7 for the standard 
8051), allowing the numerous analog and digital peripherals to interrupt the controller.  An interrupt driven system 
requires less intervention by the MCU, giving it more effective throughput.  The extra interrupt sources are very 
useful when building multi-tasking, real-time systems. 
 
There are up to seven reset sources for the MCU: an on-board VDD monitor, a Watchdog Timer, a missing clock 
detector, a voltage level detection from Comparator 0, a forced software reset, the CNVSTR pin, and the /RST pin.  
The /RST pin is bi-directional, accommodating an external reset, or allowing the internally generated POR to be 
output on the /RST pin.  Each reset source except for the VDD monitor and Reset Input Pin may be disabled by the 
user in software.  The WDT may be permanently enabled in software after a power-on reset during MCU 
initialization. 
 
The MCU has an internal, stand alone clock generator which is used by default as the system clock after any reset.  
If desired, the clock source may be switched on the fly to the external oscillator, which can use a crystal, ceramic 
resonator, capacitor, RC, or external clock source to generate the system clock.  This can be extremely useful in low 
power applications, allowing the MCU to run from a slow (power saving) external crystal source, while periodically 
switching to the fast (up to 16MHz) internal oscillator as needed. 

 

Figure 1.5.  On-Board Clock and Reset 
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Figure 4.1.  TQFP-64 Pinout Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1

2

3

4

5

6

7

8

9

10

11

17 18 19 20 21 22 23 24 25 26 27

48

47

46

45

44

43

42

41

40

39

38

64 63 62 61 60 59 58 57 56 55 54

VD
D

AGND

P0.3

P
0

.5

P
0

.6
P

0
.7

AGND

P0.0

P0.1

P0.2

P
1.

5

P1.4

P1.3

P1.2

P1.1

P
0

.4

X
T

A
L2

T
M

S T
C

K

/R
S

T

X
T

A
L1

D
A

C
0

T
D

O
T

D
I

DGND

D
A

C
1

AIN0

AIN1

AIN2

AIN3

AIN4

AIN5

AIN6

AIN7

VRE
F

A
V

+

V
D

D
D

G
N

D

P1.0

12

13

14

15

16

28 29 30 31 32

37

36

35

34

33

5
3

5
2

5
1

5
0

4
9

P
1

.6
P

1
.7

P
2

.2
P

2
.3

P3.6

P3.7

P2.6

P2.7

P
3

.0
P

3
.1

P
3

.2

P
3

.3

CP0-

CP1+

CP1-

CP0+

P2.0

P
2

.1

P
3

.5
P

3
.4

D
G

N
D

V
D

D

AV+

P
2

.4
P

2.
5

C8051F000
C8051F005
C8051F010
C8051F015

 
 
 



  

 Rev. 1.7 34 

C8051F000/1/2/5/6/7
C8051F010/1/2/5/6/7

Figure 5.7.  ADC0CN: ADC Control Register (C8051F00x) 
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value 

ADCEN ADCTM ADCINT ADBUSY ADSTM1 ADSTM0 ADWINT ADLJST 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xE8 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

Bit6: ADCTM: ADC Track Mode Bit  
0:  When the ADC is enabled, tracking is always done unless a conversion is in process 
1:  Tracking Defined by ADSTM1-0 bits  
 ADSTM1-0: 
 00:  Tracking starts with the write of 1 to ADBUSY and lasts for 3 SAR clocks 
 01:  Tracking started by the overflow of Timer 3 and last for 3 SAR clocks 
 10:  ADC tracks only when CNVSTR input is logic low 
 11:  Tracking started by the overflow of Timer 2 and last for 3 SAR clocks 

Bit5: ADCINT: ADC Conversion Complete Interrupt Flag 
 (Must be cleared by software) 
 0:  ADC has not completed a data conversion since the last time this flag was cleared 

1:  ADC has completed a data conversion 
Bit4: ADBUSY: ADC Busy Bit 
 Read 

0:  ADC Conversion complete or no valid data has been converted since a reset.  The falling 
edge of ADBUSY generates an interrupt when enabled. 

1:  ADC Busy converting data  
Write 
0:  No effect  
1:  Starts ADC Conversion if ADSTM1-0 = 00b 

Bits3-2: ADSTM1-0: ADC Start of Conversion Mode Bits 
00:  ADC conversion started upon every write of 1 to ADBUSY 
01:  ADC conversions taken on every overflow of Timer 3 
10:  ADC conversion started upon every rising edge of CNVSTR 
11:  ADC conversions taken on every overflow of Timer 2 

Bit1: ADWINT: ADC Window Compare Interrupt Flag  
(Must be cleared by software) 

 0:  ADC Window Comparison Data match has not occurred 
 1:  ADC Window Comparison Data match occurred 
Bit0: ADLJST: ADC Left Justify Data Bit 
 0:  Data in ADC0H:ADC0L Registers is right justified 
 1:  Data in ADC0H:ADC0L Registers is left justified 
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Figure 6.3.  Temperature Sensor Transfer Function 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.4.  AMX0CF: AMUX Configuration Register (C8051F01x) 

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

- - - - AIN67IC AIN45IC AIN23IC AIN01IC 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xBA 

 
 
 
 

 
 
 

 
 
 
 
 
 
 

Bits7-4: UNUSED.  Read = 0000b; Write = don’t care 
Bit3: AIN67IC: AIN6, AIN7 Input Pair Configuration Bit 

0:  AIN6 and AIN7 are independent singled-ended inputs 
1:  AIN6, AIN7 are (respectively) +, - differential input pair 

Bit2: AIN45IC: AIN4, AIN5 Input Pair Configuration Bit 
0:  AIN4 and AIN5 are independent singled-ended inputs 
1:  AIN4, AIN5 are (respectively) +, - differential input pair 

Bit1: AIN23IC: AIN2, AIN3 Input Pair Configuration Bit 
0:  AIN2 and AIN3 are independent singled-ended inputs 
1:  AIN2, AIN3 are (respectively) +, - differential input pair 

Bit0: AIN01IC: AIN0, AIN1 Input Pair Configuration Bit 
0:  AIN0 and AIN1 are independent singled-ended inputs 
1:  AIN0, AIN1 are (respectively) +, - differential input pair 
 

NOTE:  The ADC Data Word is in 2’s complement format for channels configured as differential. 
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7. DACs, 12 BIT VOLTAGE MODE 
The C8051F000 MCU family has two 12-bit voltage-mode Digital to Analog Converters.  Each DAC has an output 
swing of 0V to VREF-1LSB for a corresponding input code range of 0x000 to 0xFFF.  Using DAC0 as an example, 
the 12-bit data word is written to the low byte (DAC0L) and high byte (DAC0H) data registers.  Data is latched into 
DAC0 after a write to the corresponding DAC0H register, so the write sequence should be DAC0L followed by 
DAC0H if the full 12-bit resolution is required.  The DAC can be used in 8-bit mode by initializing DAC0L to the 
desired value (typically 0x00), and writing data to only DAC0H with the data shifted to the left.  DAC0 Control 
Register (DAC0CN) provides a means to enable/disable DAC0 and to modify its input data formatting.   
 
The DAC0 enable/disable function is controlled by the DAC0EN bit (DAC0CN.7).  Writing a 1 to DAC0EN 
enables DAC0 while writing a 0 to DAC0EN disables DAC0.  While disabled, the output of DAC0 is maintained in 
a high-impedance state, and the DAC0 supply current falls to 1A or less.  Also, the Bias Enable bit (BIASE) in the 
REF0CN register (see Figure 9.2) must be set to 1 in order to supply bias to DAC0.  The voltage reference for 
DAC0 must also be set properly (see Section 9). 
 
In some instances, input data should be shifted prior to a DAC0 write operation to properly justify data within the 
DAC input registers.  This action would typically require one or more load and shift operations, adding software 
overhead and slowing DAC throughput.  To alleviate this problem, the data-formatting feature provides a means for 
the user to program the orientation of the DAC0 data word within data registers DAC0H and DAC0L. The three 
DAC0DF bits (DAC0CN.[2:0]) allow the user to specify one of five data word orientations as shown in the 
DAC0CN register definition. 
 
DAC1 is functionally the same as DAC0 described above.  The electrical specifications for both DAC0 and DAC1 
are given in Table 7.1. 

Figure 7.1. DAC Functional Block Diagram 
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Figure 7.2.  DAC0H: DAC0 High Byte Register 
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: 

        0xD3 

 
 
 
 

Figure 7.3.  DAC0L: DAC0 Low Byte Register 
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: 

        0xD2 

 
 
 

 

Figure 7.4.  DAC0CN: DAC0 Control Register 
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value 

DAC0EN - - - - DAC0DF2 DAC0DF1 DAC0DF0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xD4 

 
 
 
 

 
 
 
 
 
 
 
 
 

Bits7-0: DAC0 Data Word Most Significant Byte. 

Bits7-0: DAC0 Data Word Least Significant Byte. 

Bit7: DAC0EN: DAC0 Enable Bit 
0:  DAC0 Disabled.  DAC0 Output pin is disabled; DAC0 is in low power shutdown mode. 
1:  DAC0 Enabled.  DAC0 Output is pin active; DAC0 is operational. 

Bits6-3: UNUSED.  Read = 0000b; Write = don’t care 
Bits2-0: DAC0DF2-0: DAC0 Data Format Bits 

000:  The most significant nybble of the DAC0 Data Word is in DAC0H[3:0], while the least significant 
byte is in DAC0L. 

DAC0H DAC0L 
    MSB           LSB 

001:  The most significant 5-bits of the DAC0 Data Word is in DAC0H[4:0], while the least significant 
7-bits is in DAC0L[7:1]. 

DAC0H DAC0L 
   MSB           LSB  

010:  The most significant 6-bits of the DAC0 Data Word is in DAC0H[5:0], while the least significant 
6-bits is in DAC0L[7:2]. 

DAC0H DAC0L 
  MSB           LSB   

011:  The most significant 7-bits of the DAC0 Data Word is in DAC0H[6:0], while the least significant 
5-bits is in DAC0L[7:3]. 

DAC0H DAC0L 
 MSB           LSB    

1xx:  The most significant byte of the DAC0 Data Word is in DAC0H, while the least significant nybble 
is in DAC0L[7:4]. 

DAC0H DAC0L 
MSB           LSB     
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Table 10.1.  CIP-51 Instruction Set Summary 

Mnemonic Description Bytes 
Clock 
Cycles 

ARITHMETIC OPERATIONS 
ADD A,Rn Add register to A 1 1 
ADD A,direct Add direct byte to A 2 2 
ADD A,@Ri Add indirect RAM to A 1 2 
ADD A,#data Add immediate to A 2 2 
ADDC A,Rn Add register to A with carry 1 1 
ADDC A,direct Add direct byte to A with carry 2 2 
ADDC A,@Ri Add indirect RAM to A with carry 1 2 
ADDC A,#data Add immediate to A with carry 2 2 
SUBB A,Rn Subtract register from A with borrow 1 1 
SUBB A,direct Subtract direct byte from A with borrow 2 2 
SUBB A,@Ri Subtract indirect RAM from A with borrow 1 2 
SUBB A,#data Subtract immediate from A with borrow 2 2 
INC A Increment A 1 1 
INC Rn Increment register 1 1 
INC direct Increment direct byte 2 2 
INC @Ri Increment indirect RAM 1 2 
DEC A Decrement A 1 1 
DEC Rn Decrement register 1 1 
DEC direct Decrement direct byte 2 2 
DEC @Ri Decrement indirect RAM 1 2 
INC DPTR Increment Data Pointer 1 1 
MUL AB Multiply A and B 1 4 
DIV AB Divide A by B 1 8 
DA A Decimal Adjust A 1 1 

LOGICAL OPERATIONS 
ANL A,Rn AND Register to A 1 1 
ANL A,direct AND direct byte to A 2 2 
ANL A,@Ri AND indirect RAM to A 1 2 
ANL A,#data AND immediate to A 2 2 
ANL direct,A AND A to direct byte 2 2 
ANL direct,#data AND immediate to direct byte 3 3 
ORL A,Rn OR Register to A 1 1 
ORL A,direct OR direct byte to A 2 2 
ORL A,@Ri OR indirect RAM to A 1 2 
ORL A,#data OR immediate to A 2 2 
ORL direct,A OR A to direct byte 2 2 
ORL direct,#data OR immediate to direct byte 3 3 
XRL A,Rn Exclusive-OR Register to A 1 1 
XRL A,direct Exclusive-OR direct byte to A 2 2 
XRL A,@Ri Exclusive-OR indirect RAM to A 1 2 
XRL A,#data Exclusive-OR immediate to A 2 2 
XRL direct,A Exclusive-OR A to direct byte 2 2 
XRL direct,#data Exclusive-OR immediate to direct byte 3 3 
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 
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Figure 10.11.  EIE1: Extended Interrupt Enable 1 

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

ECP1R ECP1F ECP0R ECP0F EPCA0 EWADC0 ESMB0 ESPI0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xE6 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: ECP1R: Enable Comparator 1 (CP1) Rising Edge Interrupt.   
This bit sets the masking of the CP1 interrupt.     

 0:  Disable CP1 Rising Edge interrupt. 
 1:  Enable interrupt requests generated by the CP1RIF flag (CPT1CN.5). 
 
Bit6: ECP1F: Enable Comparator 1 (CP1) Falling Edge Interrupt.   

This bit sets the masking of the CP1 interrupt.     
 0:  Disable CP1 Falling Edge interrupt. 
 1:  Enable interrupt requests generated by the CP1FIF flag (CPT1CN.4). 
 
Bit5: ECP0R: Enable Comparator 0 (CP0) Rising Edge Interrupt.   

This bit sets the masking of the CP0 interrupt.     
 0:  Disable CP0 Rising Edge interrupt. 
 1:  Enable interrupt requests generated by the CP0RIF flag (CPT0CN.5). 
 
Bit4: ECP0F: Enable Comparator 0 (CP0) Falling Edge Interrupt.   

This bit sets the masking of the CP0 interrupt.     
 0:  Disable CP0 Falling Edge interrupt. 
 1:  Enable interrupt requests generated by the CP0FIF flag (CPT0CN.4). 
 
Bit3: EPCA0: Enable Programmable Counter Array (PCA0) Interrupt.   

This bit sets the masking of the PCA0 interrupts.     
 0:  Disable all PCA0 interrupts. 
 1:  Enable interrupt requests generated by PCA0. 
 
Bit2: EWADC0: Enable Window Comparison ADC0 Interrupt.  

This bit sets the masking of ADC0 Window Comparison interrupt.     
 0:  Disable ADC0 Window Comparison Interrupt. 
 1:  Enable Interrupt requests generated by ADC0 Window Comparisons. 
 
Bit1: ESMB0: Enable SMBus 0 Interrupt.   

This bit sets the masking of the SMBus interrupt.     
0:  Disable all SMBus interrupts. 

 1:  Enable interrupt requests generated by the SI flag (SMB0CN.3). 
 
Bit0: ESPI0: Enable Serial Peripheral Interface 0 Interrupt.   

This bit sets the masking of SPI0 interrupt.     
 0:  Disable all SPI0 interrupts. 
 1:  Enable Interrupt requests generated by SPI0. 
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13.8.1. Watchdog Usage 
The WDT consists of a 21-bit timer running from the programmed system clock.  The timer measures the period 
between specific writes to its control register.  If this period exceeds the programmed limit, a WDT reset is 
generated.  The WDT can be enabled and disabled as needed in software, or can be permanently enabled if desired.  
Watchdog features are controlled via the Watchdog Timer Control Register (WDTCN) shown in Figure 13.3.   
 
Enable/Reset WDT 
The watchdog timer is both enabled and the countdown restarted by writing 0xA5 to the WDTCN register.  The 
user’s application software should include periodic writes of 0xA5 to WDTCN as needed to prevent a watchdog 
timer overflow.  The WDT is enabled and restarted as a result of any system reset. 
 
Disable WDT 
Writing 0xDE followed by 0xAD to the WDTCN register disables the WDT.  The following code segment 
illustrates disabling the WDT.   

CLR EA  ; disable all interrupts 
MOV WDTCN,#0DEh ; disable software  
MOV WDTCN,#0ADh ; watchdog timer 
SETB EA  ; re-enable interrupts 

The writes of 0xDE and 0xAD must occur within 4 clock cycles of each other, or the disable operation is ignored.  
Interrupts should be disabled during this procedure to avoid delay between the two writes.   
 
Disable WDT Lockout 
Writing 0xFF to WDTCN locks out the disable feature.  Once locked out, the disable operation is ignored until the 
next system reset.  Writing 0xFF does not enable or reset the watchdog timer.  Applications always intending to use 
the watchdog should write 0xFF to WDTCN in their initialization code. 
 
Setting WDT Interval 
WDTCN.[2:0] control the watchdog timeout interval.  The interval is given by the following equation: 

 
43+WDTCN[2:0] x TSYSCLK , (where TSYSCLK is the system clock period). 
 

For a 2MHz system clock, this provides an interval range of 0.032msec to 524msec.  WDTCN.7 must be a 0 when 
setting this interval.  Reading WDTCN returns the programmed interval.  WDTCN.[2:0] is 111b after a system 
reset.   

Figure 13.3.  WDTCN: Watchdog Timer Control Register 

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

        xxxxx111 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xFF 

 
 
 
 
 

Bits7-0: WDT Control 
 Writing 0xA5 both enables and reloads the WDT. 
 Writing 0xDE followed within 4 clocks by 0xAD disables the WDT. 
 Writing 0xFF locks out the disable feature. 
Bit4: Watchdog Status Bit (when Read) 
 Reading the WDTCN.[4] bit indicates the Watchdog Timer Status. 
 0:  WDT is inactive 
 1:  WDT is active 
Bits2-0: Watchdog Timeout Interval Bits 
 The WDTCN.[2:0] bits set the Watchdog Timeout Interval.  When writing these bits, 

WDTCN.7 must be set to 0. 



  

101 Rev. 1.7  

C8051F000/1/2/5/6/7 
C8051F010/1/2/5/6/7 

Figure 14.3.  OSCXCN: External Oscillator Control Register 

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

XTLVLD XOSCMD2 XOSCMD1 XOSCMD0 - XFCN2 XFCN1 XFCN0 00110000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xB1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: XTLVLD: Crystal Oscillator Valid Flag 
 (Valid only when XOSCMD = 1xx.) 
 0:  Crystal Oscillator is unused or not yet stable 

1:  Crystal Oscillator is running and stable (should read 1ms after Crystal Oscillator is 
enabled to avoid transient condition). 

Bits6-4: XOSCMD2-0: External Oscillator Mode Bits 
00x:  Off.  XTAL1 pin is grounded internally. 

 010:  System Clock from External CMOS Clock on XTAL1 pin.   
 011:  System Clock from External CMOS Clock on XTAL1 pin divided by 2. 
 10x:  RC/C Oscillator Mode with divide by 2 stage. 
 110:  Crystal Oscillator Mode 
 111:  Crystal Oscillator Mode with divide by 2 stage. 
Bit3: RESERVED.  Read = undefined, Write = don’t care 
Bits2-0: XFCN2-0: External Oscillator Frequency Control Bits 
 000-111:  see table below 
 

XFCN Crystal (XOSCMD = 
11x) 

RC (XOSCMD = 10x) C (XOSCMD = 10x) 

000 f  12.5kHz f   25kHz K Factor = 0.44 
001 12.5kHz < f   30.3kHz 25kHz < f   50kHz K Factor = 1.4 
010 30.35kHz < f   93.8kHz 50kHz < f   100kHz K Factor = 4.4 
011 93.8kHz < f   267kHz 100kHz < f   200kHz K Factor = 13 
100 267kHz < f   722kHz 200kHz < f   400kHz K Factor = 38 
101 722kHz < f   2.23MHz 400kHz < f   800kHz K Factor = 100 
110 2.23MHz < f   6.74MHz 800kHz < f   1.6MHz K Factor = 420 
111 f > 6.74MHz 1.6MHz < f   3.2MHz K Factor = 1400 

 
CRYSTAL MODE (Circuit from Figure 14.1, Option 1; XOSCMD = 11x) 
 Choose XFCN value to match the crystal or ceramic resonator frequency. 
  
RC MODE (Circuit from Figure 14.1, Option 2; XOSCMD = 10x) 
 Choose oscillation frequency range where: 
 f = 1.23(103) / (R * C), where 

f = frequency of oscillation in MHz 
 C = capacitor value in pF 
 R = Pull-up resistor value in k 
 
C MODE (Circuit from Figure 14.1, Option 3; XOSCMD = 10x) 
 Choose K Factor (KF) for the oscillation frequency desired: 
 f = KF / (C * AV+), where 

f = frequency of oscillation in MHz 
 C = capacitor value on XTAL1, XTAL2 pins in pF 
 AV+ = Analog Power Supply on MCU in volts 



  

 Rev. 1.7 108 

C8051F000/1/2/5/6/7
C8051F010/1/2/5/6/7

Figure 15.5.  XBR2: Port I/O CrossBar Register 2 

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

WEAKPUD XBARE - - - - - CNVSTE 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xE3 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
  
 
 
 
 
 
 
 
 
 

Bit7: WEAKPUD: Port I/O Weak Pull-up Disable Bit 
0:  Weak Pull-ups Enabled (except for Ports whose I/O are configured as push-pull) 
1:  Weak Pull-ups Disabled 

Bit6: XBARE: Crossbar Enable Bit 
0:  Crossbar Disabled 
1:  Crossbar Enabled 

Bits5-1: UNUSED.  Read = 00000b, Write = don’t care. 
Bit0:   CNVSTE: ADC Convert Start Input Enable Bit 

0:  CNVSTR unavailable at Port pin. 
1:  CNVSTR routed to Port Pin. 

 
Example Usage of XBR0, XBR1, XBR2:  
When selected, the digital resources fill the Port I/O pins in order (top to bottom as shown in
Table 15.1) starting with P0.0 through P0.7, and then P1.0 through P1.7, and finally P2.0
through P2.7.  If the digital resources are not mapped to the Port I/O pins, they default to their 
matching internal Port Register bits.   
 
Example1: If XBR0 = 0x11, XBR1 = 0x00, and XBR2 = 0x40:  
P0.0=SDA, P0.1=SCL, P0.2=CEX0, P0.3=CEX1, P0.4 … P2.7 map to corresponding Port I/O. 
 
Example2: If XBR0 = 0x80, XBR1 = 0x04, and XBR2 = 0x41:  
P0.0=CP0, P0.1=/INT0, P0.2 = CNVSTR, P0.3 … P2.7 map to corresponding Port I/O. 
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Figure 15.11.  P2: Port2 Register 

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

P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0 11111111 
Bit7 Bit6 Bit Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xA0 

 
 
 
 
 
 
 
 
 
 

Figure 15.12.  PRT2CF: Port2 Configuration Register 

 
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: 

        0xA6 

 
 
 
 
 
 

Bits7-0: P2.[7:0]  
(Write – Output appears on I/O pins per XBR0, XBR1, and XBR2 registers) 
0:  Logic Low Output. 
1:  Logic High Output (high-impedance if corresponding PRT2CF.n bit = 0) 
(Read – Regardless of XBR0, XBR1, and XBR2 Register settings). 
0:  P2.n is logic low. 
1:  P2.n is logic high. 

Bits7-0: PRT2CF.[7:0]: Output Configuration Bits for P2.7-P2.0 (respectively) 
0:  Corresponding P2.n Output mode is Open-Drain. 
1:  Corresponding P2.n Output mode is Push-Pull. 
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16.6.2. Clock Rate Register 

Figure 16.5.  SMB0CR: SMBus Clock Rate Register 

 
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: 

        0xCF 

 
 
 
 
 
 
 
 

 

Bits7-0: SMB0CR.[7:0]: SMBus Clock Rate Preset 
The SMB0CR Clock Rate register controls the frequency of the serial clock SCL in master 
mode.  The 8-bit word stored in the SMB0CR Register preloads a dedicated 8-bit timer. 
The timer counts up, and when it rolls over to 0x00, the SCL logic state toggles.   
 
The SMB0CR setting should be bounded by the following equation, where SMB0CR is the 
unsigned 8-bit value in register SMB0CR, and SYSCLK is the system clock frequency in 
Hz: 

SMB0CR < ((288 - 0.85 * SYSCLK) / 1.125E6) 
 
The resulting SCL signal high and low times are given by the following equations: 
 

TLOW  =  (256 – SMB0CR) / SYSCLK 
 

THIGH    (258 – SMB0CR) / SYSCLK + 625 ns 
 

Using the same value of SMB0CR from above, the Bus Free Timeout period is given in the
following equation: 
 

TBFT   10 * [(256 – SMB0CR) + 1] / SYSCLK 
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16.6.5. Status Register 
The SMB0STA Status register holds an 8-bit status code indicating the current state of the SMBus.  There are 28 
possible SMBus states, each with a corresponding unique status code.  The five most significant bits of the status 
code vary while the three least-significant bits of a valid status code are fixed at zero when SI = 1.  Therefore, all 
possible status codes are multiples of eight.  This facilitates the use of status codes in software as an index used to 
branch to appropriate service routines (allowing 8 bytes of code to service the state or jump to a more extensive 
service routine). 
 
For the purposes of user software, the contents of the SMB0STA register is only defined when the SI flag is logic 1.  
Software should never write to the SMB0STA register.  Doing so will yield indeterminate results.  The 28 SMBus 
states, along with their corresponding status codes, are given in Table 16.1. 
 

Figure 16.8.  SMB0STA: SMBus Status Register 

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

STA7 STA6 STA5 STA4 STA3 STA2 STA1 STA0 11111000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xC1 

 
 
 
 
 
 
 

 
 
 
 
 

Bits7-3: STA7-STA3: SMBus Status Code. 
These bits contain the SMBus Status Code.  There are 28 possible status codes.  Each 
status code corresponds to a single SMBus state.  A valid status code is present in 
SMB0STA when the SI flag (SMB0CN.3) is set.  The content of SMB0STA is not defined 
when the SI flag is logic 0.  Writing to the SMB0STA register at any time will yield 
indeterminate results. 

 
Bits2-0: STA2-STA0: The three least significant bits of SMB0STA are always read as logic 0 when 

the SI flag is logic 1. 
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Table 16.1.  SMBus Status Codes 

Status Code 
(SMB0STA) 

Mode SMBus State 

0x00 All Bus Error (i.e. illegal START, illegal STOP, …) 
0x08 Master Transmitter/Receiver START condition transmitted. 
0x10 Master Transmitter/Receiver Repeated START condition transmitted. 
0x18 Master Transmitter Slave address + W transmitted.  ACK received. 
0x20 Master Transmitter Slave address + W transmitted.  NACK received. 
0x28 Master Transmitter Data byte transmitted.  ACK received. 
0x30 Master Transmitter Data byte transmitted.  NACK received. 
0x38 Master Transmitter Arbitration lost  
0x40 Master Receiver Slave address + R transmitted.  ACK received. 
0x48 Master Receiver Slave address + R transmitted.  NACK received 
0x50 Master Receiver Data byte received.  ACK transmitted. 
0x58 Master Receiver Data byte received.  NACK transmitted. 
0x60 Slave Receiver SMB0’s own slave address + W received.  ACK transmitted. 
0x68 Slave Receiver Arbitration lost in transmitting slave address + R/W as master.  

Own slave address + W received.  ACK transmitted. 
0x70 Slave Receiver General call address (0x00) received.  ACK returned. 
0x78 Slave Receiver Arbitration lost in transmitting slave address + R/W as master.  

General call address received.  ACK transmitted. 
0x80 Slave Receiver SMB0’s own slave address + W received.  Data byte received.  

ACK transmitted. 
0x88 Slave Receiver SMB0’s own slave address + W received.  Data byte received. 

NACK transmitted. 
0x90 Slave Receiver General call address (0x00) received.  Data byte received.  ACK 

transmitted. 
0x98 Slave Receiver General call address (0x00) received.  Data byte received.  

NACK transmitted. 
0xA0 Slave Receiver A STOP or repeated START received while addressed as a slave. 
0xA8 Slave Transmitter SMB0’s own slave address + R received.  ACK transmitted. 
0xB0 Slave Transmitter Arbitration lost in transmitting slave address + R/W as master.  

Own slave address + R received.  ACK transmitted. 
0xB8 Slave Transmitter Data byte transmitted.  ACK received. 
0xC0 Slave Transmitter Data byte transmitted.  NACK received. 
0xC8 Slave Transmitter Last data byte transmitted (AA=0).  ACK received. 
0xD0 Slave Transmitter/Receiver SCL Clock High Timer per SMB0CR timed out (FTE=1) 
0xF8 All Idle 
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18. UART 
The UART is a serial port capable of asynchronous transmission.  The UART can function in full duplex mode.  In 
all modes, receive data is buffered in a holding register.  This allows the UART to start reception of a second 
incoming data byte before software has finished reading the previous data byte.   
 
The UART has an associated Serial Control Register (SCON) and a Serial Data Buffer (SBUF) in the SFRs.  The 
single SBUF location provides access to both transmit and receive registers.  Reads access the Receive register and 
writes access the Transmit register automatically.   
 
The UART is capable of generating interrupts if enabled.  The UART has two sources of interrupts: a Transmit 
Interrupt flag, TI (SCON.1) set when transmission of a data byte is complete, and a Receive Interrupt flag, RI 
(SCON.0) set when reception of a data byte is complete.  The UART interrupt flags are not cleared by hardware 
when the CPU vectors to the interrupt service routine.  They must be cleared manually by software.  This allows 
software to determine the cause of the UART interrupt (transmit complete or receive complete). 
 

Figure 18.1.  UART Block Diagram 
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The Timer 2 overflow rate, when in Baud Rate Generator Mode and using an internal clock source, is determined 
solely by the Timer 2 16-bit reload value (RCAP2H:RCAP2L). The Timer 2 clock source is fixed at SYSCLK/2. 
The Timer 2 overflow rate can be calculated as follows: 
 

T2_OVERFLOWRATE = (SYSCLK/2) / (65536 – [RCAP2H:RCAP2L]). 
 
Timer 2 can be selected as the baud rate generator for RX and/or TX by setting RCLK (T2CON.5) and/or TCLK 
(T2CON.4), respectively. When either RCLK or TCLK is set to logic 1, Timer 2 interrupts are automatically 
disabled and the timer is forced into Baud Rate Generator Mode with SYSCLK/2 as its clock source.  If a different 
timebase is required, setting the C/T2 bit (T2CON.1) to logic 1 will allow Timer 2 to be clocked from the external 
input pin T2.  See the Timers section for complete timer configuration details. 
 

Figure 18.5.  UART Modes 1, 2, and 3 Interconnect Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

OR

RS-232
C8051Fxxx

RS-232
LEVEL
XLTR

TX

RX

C8051Fxxx
RX

TX

MCU
RX

TX



  

 Rev. 1.7 156 

C8051F000/1/2/5/6/7
C8051F010/1/2/5/6/7

20.1.1. Edge-triggered Capture Mode 
In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA counter/timer and 
load it into the corresponding module’s 16-bit capture/compare register (PCA0CPLn and PCA0CPHn).  The CAPPn 
and CAPNn bits in the PCA0CPMn register are used to select the type of transition that triggers the capture: low-to-
high transition (positive edge), high-to-low transition (negative edge), or either transition (positive or negative 
edge).  When a capture occurs, the Capture/Compare Flag (CCFn) in PCA0CN is set to logic 1 and an interrupt 
request is generated if CCF interrupts are enabled.  The CCFn bit is not automatically cleared by hardware when the 
CPU vectors to the interrupt service routine, and must be cleared by software.   

Figure 20.3.  PCA Capture Mode Diagram 
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