
Silicon Labs - C8051F001-GQR Datasheet

Welcome to E-XFL.COM
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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
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programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.
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Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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1. SYSTEM OVERVIEW 
The C8051F000 family are fully integrated mixed-signal System on a Chip MCUs with a true 12-bit multi-channel 
ADC (F000/01/02/05/06/07), or a true 10-bit multi-channel ADC (F010/11/12/15/16/17).  See the Product Selection 
Guide in Table 1.1 for a quick reference of each MCUs’ feature set.  Each has a programmable gain pre-amplifier, 
two 12-bit DACs, two voltage comparators (except for the F002/07/12/17, which have one), a voltage reference, 
and an 8051-compatible microcontroller core with 32kbytes of FLASH memory.  There are also I2C/SMBus, 
UART, and SPI serial interfaces implemented in hardware (not “bit-banged” in user software) as well as a 
Programmable Counter/Timer Array (PCA) with five capture/compare modules.  There are also 4 general-purpose 
16-bit timers and 4 byte-wide general-purpose digital Port I/O.  The C8051F000/01/02/10/11/12 have 256 bytes of 
RAM and execute up to 20MIPS, while the C8051F005/06/07/15/16/17 have 2304 bytes of RAM and execute up to 
25MIPS. 
 
With an on-board VDD monitor, WDT, and clock oscillator, the MCUs are truly stand-alone System-on-a-Chip 
solutions.  Each MCU effectively configures and manages the analog and digital peripherals.  The FLASH memory 
can be reprogrammed even in-circuit, providing non-volatile data storage, and also allowing field upgrades of the 
8051 firmware.  Each MCU can also individually shut down any or all of the peripherals to conserve power.   
 
On-board JTAG debug support allows non-intrusive (uses no on-chip resources), full speed, in-circuit debug using 
the production MCU installed in the final application.  This debug system supports inspection and modification of 
memory and registers, setting breakpoints, watchpoints, single stepping, and run and halt commands.  All analog 
and digital peripherals are fully functional when using JTAG debug. 
 
Each MCU is specified for 2.7V-to-3.6V operation over the industrial temperature range (-45C to +85C).  The Port 
I/Os, /RST, and JTAG pins are tolerant for input signals up to 5V.  The C8051F000/05/10/15 are available in the 
64-pin TQFP (see block diagram in Figure 1.1).  The C8051F001/06/11/16 are available in the 48-pin TQFP (see 
block diagram in Figure 1.2).  The C8051F002/07/12/17 are available in the 32-pin LQFP (see block diagram in 
Figure 1.3). 

Table 1.1.  Product Selection Guide 
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C8051F000 20 32k 256    4  32 12 100 8   12 2 2 64TQFP 

C8051F001 20 32k 256    4  16 12 100 8   12 2 2 48TQFP 

C8051F002 20 32k 256    4  8 12 100 4   12 2 1 32LQFP 

C8051F005 25 32k 2304    4  32 12 100 8   12 2 2 64TQFP 

C8051F006 25 32k 2304    4  16 12 100 8   12 2 2 48TQFP 

C8051F007 25 32k 2304    4  8 12 100 4   12 2 1 32LQFP 

C8051F010 20 32k 256    4  32 10 100 8   12 2 2 64TQFP 

C8051F011 20 32k 256    4  16 10 100 8   12 2 2 48TQFP 

C8051F012 20 32k 256    4  8 10 100 4   12 2 1 32LQFP 

C8051F015 25 32k 2304    4  32 10 100 8   12 2 2 64TQFP 

C8051F016 25 32k 2304    4  16 10 100 8   12 2 2 48TQFP 

C8051F017 25 32k 2304    4  8 10 100 4   12 2 1 32LQFP 



  

 Rev. 1.7 10 

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

Figure 1.2.  C8051F001/06/11/16 Block Diagram 
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1.8. Comparators and DACs 
The C8051F000 MCU Family has two 12-bit DACs and two comparators on chip (the second comparator, CP1, is 
not bonded out on the F002, F007, F012, and F017).  The MCU data and control interface to each comparator and 
DAC is via the Special Function Registers.  The MCU can place any DAC or comparator in low power shutdown 
mode.   
 
The comparators have software programmable hysteresis.  Each comparator can generate an interrupt on its rising 
edge, falling edge, or both.  The comparators’ output state can also be polled in software.  These interrupts are 
capable of waking up the MCU from idle mode.  The comparator outputs can be programmed to appear on the Port 
I/O pins via the Crossbar. 
 
The DACs are voltage output mode and use the same voltage reference as the ADC.  They are especially useful as 
references for the comparators or offsets for the differential inputs of the ADC.  

 

Figure 1.11.  Comparator and DAC Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

SFR's

(Data
and

Cntrl)

CP1

CP1+

CP1-

       DAC0

DAC0

       DAC1

DAC1

REF

REF

CP0

CP0+

CP0-

CIP-51
and

Interrupt
Handler

CROSSBAR
CP1

CP0
(Port I/O)

(Port I/O)

+

-
CP0

+

-
CP1

(not bonded  out on
F002, F007, F012, and

F017)

 



  

31 Rev. 1.7  

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

Figure 5.3.  Temperature Sensor Transfer Function 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.4.  AMX0CF: AMUX Configuration Register (C8051F00x) 

 
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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Figure 5.6.  ADC0CF: ADC Configuration Register (C8051F00x) 

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

ADCSC2 ADCSC1 ADCSC0 - - AMPGN2 AMPGN1 AMPGN0 01100000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xBC 

 
 
 
 

 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

Bits7-5: ADCSC2-0: ADC SAR Conversion Clock Period Bits 
000:  SAR Conversion Clock = 1 System Clock 
001:  SAR Conversion Clock = 2 System Clocks 
010:  SAR Conversion Clock = 4 System Clocks 
011:  SAR Conversion Clock = 8 System Clocks 
1xx:  SAR Conversion Clock = 16 Systems Clocks 
(Note: the SAR Conversion Clock should be   2MHz) 

Bits4-3: UNUSED.  Read = 00b; Write = don’t care 
Bits2-0: AMPGN2-0: ADC Internal Amplifier Gain 

000:  Gain = 1 
001:  Gain = 2 
010:  Gain = 4 
011:  Gain = 8 
10x:  Gain = 16 
11x:  Gain = 0.5  
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Figure 5.8.  ADC0H:  ADC Data Word MSB Register (C8051F00x) 
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: 

        0xBF 
 
 
 
 
 
 
 

Figure 5.9.  ADC0L:  ADC Data Word LSB Register (C8051F00x) 

 
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: 

        0xBE 

 
 
 
 

 
 
NOTE:  Resulting 12-bit ADC Data Word appears in the ADC Data Word Registers as follows: 
ADC0H[3:0]:ADC0L[7:0], if ADLJST = 0  

(ADC0H[7:4] will be sign extension of ADC0H.3 if a differential reading, otherwise = 0000b) 
 
ADC0H[7:0]:ADC0L[7:4], if ADLJST = 1  

(ADC0L[3:0] = 0000b) 
 
 
EXAMPLE:  ADC Data Word Conversion Map, AIN0 Input in Single-Ended Mode  

(AMX0CF=0x00, AMX0SL=0x00) 

AIN0 – AGND 
(Volts) 

ADC0H:ADC0L 
(ADLJST = 0) 

ADC0H:ADC0L 
(ADLJST = 1) 

REF x (4095/4096) 0x0FFF 0xFFF0 
REF x ½ 0x0800 0x8000 
REF x (2047/4096) 0x07FF 0x7FF0 
0 0x0000 0x0000 

 
EXAMPLE:  ADC Data Word Conversion Map, AIN0-AIN1 Differential Input Pair  

(AMX0CF=0x01, AMX0SL=0x00) 

AIN0 – AIN1 (Volts) 
ADC0H:ADC0L 
(ADLJST = 0) 

ADC0H:ADC0L 
(ADLJST = 1) 

REF x (2047/2048) 0x07FF 0x7FF0 
0 0x0000 0x0000 
-REF x (1/2048) 0xFFFF 0xFFF0 
-REF 0xF800 0x8000 

 
 

Bits7-0: ADC Data Word Bits 
 For ADLJST = 1: Upper 8-bits of the 12-bit ADC Data Word. 
 For ADLJST = 0: Bits7-4 are the sign extension of Bit3.  Bits 3-0 are the upper 4-bits of the 

12-bit ADC Data Word. 

Bits7-0: ADC Data Word Bits 
 For ADLJST = 1: Bits7-4 are the lower 4-bits of the 12-bit ADC Data Word.  Bits3-0 will 

always read 0. 
 For ADLJST = 0: Bits7-0 are the lower 8-bits of the 12-bit ADC Data Word. 
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6. ADC (10-Bit, C8051F010/1/2/5/6/7 Only) 
The ADC subsystem for the C8051F010/1/2/5/6/7 consists of a 9-channel, configurable analog multiplexer 
(AMUX), a programmable gain amplifier (PGA), and a 100ksps, 10-bit successive-approximation-register ADC 
with integrated track-and-hold and programmable window detector (see block diagram in Figure 6.1).  The AMUX, 
PGA, Data Conversion Modes, and Window Detector are all configurable under software control via the Special 
Function Register’s shown in Figure 6.1.  The ADC subsystem (ADC, track-and-hold and PGA) is enabled only 
when the ADCEN bit in the ADC Control register (ADC0CN, Figure 6.7) is set to 1.  The ADC subsystem is in low 
power shutdown when this bit is 0.  The Bias Enable bit (BIASE) in the REF0CN register (see Figure 9.2) must be 
set to 1 in order to supply bias to the ADC. 

Figure 6.1.  10-Bit ADC Functional Block Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.1. Analog Multiplexer and PGA 
Eight of the AMUX channels are available for external measurements while the ninth channel is internally 
connected to an on-board temperature sensor (temperature transfer function is shown in Figure 6.3).  Note that the 
PGA gain is applied to the temperature sensor reading.  AMUX input pairs can be programmed to operate in either 
the differential or single-ended mode.  This allows the user to select the best measurement technique for each input 
channel, and even accommodates mode changes “on-the-fly”.  The AMUX defaults to all single-ended inputs upon 
reset.  There are two registers associated with the AMUX: the Channel Selection register AMX0SL (Figure 6.5), 
and the Configuration register AMX0CF (Figure 6.4).  The table in Figure 6.5 shows AMUX functionality by 
channel for each possible configuration.  The PGA amplifies the AMUX output signal by an amount determined by 
the AMPGN2-0 bits in the ADC Configuration register, ADC0CF (Figure 6.6).  The PGA can be software-
programmed for gains of 0.5, 1, 2, 4, 8 or 16.  It defaults to unity gain on reset. 
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8. COMPARATORS 
The MCU family has two on-chip analog voltage comparators as shown in Figure 8.1.  The inputs of each 
Comparator are available at the package pins.  The output of each comparator is optionally available at the package 
pins via the I/O crossbar (see Section 15.1).  When assigned to package pins, each comparator output can be 
programmed to operate in open drain or push-pull modes (see section 15.3).   
 
The hysteresis of each comparator is software-programmable via its respective Comparator control register 
(CPT0CN, CPT1CN).   The user can program both the amount of hysteresis voltage (referred to the input voltage) 
and the positive and negative-going symmetry of this hysteresis around the threshold voltage.  The output of the 
comparator can be polled in software, or can be used as an interrupt source. Each comparator can be individually 
enabled or disabled (shutdown).  When disabled, the comparator output (if assigned to a Port I/O pin via the 
Crossbar) defaults to the logic low state, its interrupt capability is suspended and its supply current falls to less than 
1A.  Comparator 0 inputs can be externally driven from -0.25V to (AV+) + 0.25V without damage or upset. 
                            
The Comparator 0 hysteresis is programmed using bits 3-0 in the Comparator 0 Control Register CPT0CN (shown 
in Figure 8.3).  The amount of negative hysteresis voltage is determined by the settings of the CP0HYN bits.  As 
shown in Figure 8.2, settings of 10, 4 or 2mV of negative hysteresis can be programmed, or negative hysteresis can 
be disabled.  In a similar way, the amount of positive hysteresis is determined by the setting the CP0HYP bits. 
 
Comparator interrupts can be generated on both rising-edge and falling-edge output transitions.  (For Interrupt 
enable and priority control, see Section 10.4).  The CP0FIF flag is set upon a Comparator 0 falling-edge interrupt, 
and the CP0RIF flag is set upon the Comparator 0 rising-edge interrupt.  Once set, these bits remain set until cleared 
by the CPU.  The Output State of Comparator 0 can be obtained at any time by reading the CP0OUT bit.   Note the 
comparator output and interrupt should be ignored until the comparator settles after power-up.  Comparator 0 is 
enabled by setting the CP0EN bit, and is disabled by clearing this bit.  Note there is a 20usec settling time for the 
comparator output to stabilize after setting the CP0EN bit or a power-up.  Comparator 0 can also be programmed as 
a reset source.  For details, see Section 13.  
 
The operation of Comparator 1 is identical to that of Comparator 0, except the Comparator 1 is controlled by the 
CPT1CN Register (Figure 8.4).  Comparator 1 can not be programmed as a reset source.  Also, the input pins for 
Comparator 1 are not pinned out on the F002, F007, F012, or F017 devices.  The complete electrical specifications 
for the Comparators are given in Table 8.1. 

Figure 8.1.  Comparator Functional Block Diagram 
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Table 8.1.  Comparator Electrical Characteristics 

VDD = 3.0V, AV+ = 3.0V, -40C to +85C unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Response Time1 (CP+) – (CP-) = 100mV (Note 1)  4  s 
Response Time2 (CP+) – (CP-) = 10mV (Note 1)  12  s 
Common Mode Rejection 
Ratio 

  1.5 4 mV/V 

Positive Hysteresis1 CPnHYP1-0 = 00  0 1 mV 
Positive Hysteresis2 CPnHYP1-0 = 01 2 4.5 7 mV 
Positive Hysteresis3 CPnHYP1-0 = 10 4 9 13 mV 
Positive Hysteresis4 CPnHYP1-0 = 11 10 17 25 mV 
Negative Hysteresis1 CPnHYN1-0 = 00  0 1 mV 
Negative Hysteresis2 CPnHYN1-0 = 01 2 4.5 7 mV 
Negative Hysteresis3 CPnHYN1-0 = 10 4 9 13 mV 
Negative Hysteresis4 CPnHYN1-0 = 11 10 17 25 mV 
Inverting or Non-inverting 
Input Voltage Range 

 -0.25  (AV+)  
+ 0.25 

V 

Input Capacitance   7  pF 
Input Bias Current  -5 0.001 +5 nA 
Input Offset Voltage  -10  +10 mV 
POWER SUPPLY 
Power-up Time CPnEN from 0 to 1  20  s 
Power Supply Rejection    0.1 1 mV/V 
Supply Current Operating Mode (each comparator) at DC  1.5 10 A 
 
Note 1:  CPnHYP1-0 = CPnHYN1-0 = 00. 
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Address Register Description Page No. 

0x89 TMOD Counter/Timer Mode 143 

0x91 TMR3CN Timer 3 Control 152 

0x95 TMR3H Timer 3 High 153 

0x94 TMR3L Timer 3 Low 153 

0x93 TMR3RLH Timer 3 Reload High 153 

0x92 TMR3RLL Timer 3 Reload Low 153 

0xFF WDTCN Watchdog Timer Control 96 

0xE1 XBR0 Port I/O Crossbar Configuration 1 105 

0xE2 XBR1 Port I/O Crossbar Configuration 2 107 

0xE3 XBR2 Port I/O Crossbar Configuration 3 108 
0x84-86, 0x96-97, 0x9C, 
0xA1-A3, 0xA9-AC, 
0xAE, 0xB3-B5, 0xB9, 
0xBD, 0xC9, 0xCE, 
0xDF, 0xE4-E5, 0xF1-F5 

Reserved  

* Refers to a register in the C8051F000/1/2/5/6/7 only.   
** Refers to a register in the C8051F010/1/2/5/6/7 only. 
*** Refers to a register in the C8051F005/06/07/15/16/17 only. 
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12. EXTERNAL RAM (C8051F005/06/07/15/16/17) 
The C8051F005/06/07/15/16/17 MCUs include 2048 bytes of RAM mapped into the external data memory space.  
All of these address locations may be accessed using the external move instruction (MOVX) and the data pointer 
(DPTR), or using MOVX indirect addressing mode.  If the MOVX instruction is used with an 8-bit address operand 
(such as @R1), then the high byte of the 16-bit address is provided by the External Memory Interface Control 
Register (EMI0CN as shown in Figure 12.1).  Note: the MOVX instruction is also used for writes to the Flash 
memory.  See Section 11 for details.  The MOVX instruction accesses XRAM by default (i.e. PSTCL.0 = 0). 
 
For any of the addressing modes the upper 5-bits of the 16-bit external data memory address word are “don’t cares”.  
As a result, the 2048-byte RAM is mapped modulo style over the entire 64k external data memory address range.  
For example, the XRAM byte at address 0x0000 is also at address 0x0800, 0x1000, 0x1800, 0x2000, etc.  This is a 
useful feature when doing a linear memory fill, as the address pointer doesn’t have to be reset when reaching the 
RAM block boundary. 
 

Figure 12.1.  EMI0CN: External Memory Interface Control 

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

- - - - - PGSEL2 PGSEL1 PGSEL0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xAF 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bits 7-3: Not Used – reads 00000b 
Bits 2-0: PGSEL[2:0]: XRAM Page Select Bits 

The XRAM Page Select Bits provide the high byte of the 16-bit external data memory 
address when using an 8-bit MOVX command, effectively selecting a 256-byte page of 
RAM.  The upper 5-bits are “don’t cares”, so the 2k address blocks are repeated modulo 
over the entire 64k external data memory address space.   

 000: xxxxx000b 
 001: xxxxx001b 

010: xxxxx010b 
 011: xxxxx011b 

100: xxxxx100b 
 101: xxxxx101b 

110: xxxxx110b 
 111: xxxxx111b 
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Table 13.1.  Reset Electrical Characteristics 

-40C to +85C unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

/RST Output Low Voltage IOL = 8.5mA, VDD = 2.7 to 3.6V   0.6 V 
/RST Input High Voltage  0.7 x 

VDD 
  V 

/RST Input Low Voltage    0.3 x 
VDD 

V 

/RST Input Leakage Current /RST = 0.0V  20  A 
VDD for /RST Output Valid  1.0   V 
AV+ for /RST Output Valid  1.0   V 
VDD POR Threshold (VRST)  2.40 2.55 2.70 V 
Reset Time Delay /RST rising edge after crossing reset 

threshold 
80 100 120 ms 

Missing Clock Detector 
Timeout 

Time from last system clock to reset 
generation 

100 220 500 s 
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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 
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not affect the push-pull Port I/O.  Furthermore, the weak pullup is turned off on an open-drain output that is driving 
a 0 to avoid unnecessary power dissipation. 
 
The third and final step is to initialize the individual resources selected using the appropriate setup registers. 
Initialization procedures for the various digital resources may be found in the detailed explanation of each available 
function.  The reset state of each register is shown in the figures that describe each individual register.  

Figure 15.1.  Port I/O Functional Block Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15.2.  Port I/O Cell Block Diagram 
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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 15.13.  P3: Port3 Register 

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

P3.7 P3.6 P3.5 P3.4 P3.3 P3.2 P3.1 P3.0 11111111 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xB0 

 
 
 
 
 
 
 
 
 
 

Figure 15.14.  PRT3CF: Port3 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: 

        0xA7 

 
 
 
 
 
 
 

Table 15.2.  Port I/O DC Electrical Characteristics 

VDD = 2.7 to 3.6V, -40C to +85C unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output High Voltage IOH = -10uA, Port I/O push-pull 
 
IOH = -3mA, Port I/O push-pull 
 
IOH = -10mA, Port I/O push-pull 
 

VDD – 
0.1 

VDD – 
0.7 

 
 
 
 

VDD – 
0.8 

 V 

Output Low Voltage IOL = 10uA 
IOL = 8.5mA 
IOL = 25mA 

  
 

1.0 

0.1 
0.6 

 

V 

Input High Voltage  0.7 x 
VDD 

  V 

Input Low Voltage    0.3 x 
VDD 

V 

Input Leakage Current DGND < Port Pin < VDD, Pin Tri-state 
Weak Pull-up Off 
Weak Pull-up On 

  
 

30 

 
1 

 

A 

Capacitive Loading   5  pF 
 
 

Bits7-0: P3.[7:0]  
(Write) 
0:  Logic Low Output. 
1:  Logic High Output (high-impedance if corresponding PRT3CF.n bit = 0) 
(Read) 
0:  P3.n is logic low. 
1:  P3.n is logic high. 

Bits7-0: PRT3CF.[7:0]: Output Configuration Bits for P3.7-P3.0 (respectively) 
0:  Corresponding P3.n Output mode is Open-Drain. 
1:  Corresponding P3.n Output mode is Push-Pull. 
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Figure 16.4. SMB0CN: SMBus Control Register 

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

BUSY ENSMB STA STO SI AA FTE TOE 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xC0 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: BUSY: Busy Status Flag. 
 0: SMBus is free 
 1: SMBus is busy  
Bit6: ENSMB: SMBus Enable.   

This bit enables/disables the SMBus serial interface.  
0: SMBus disabled. 
1: SMBus enabled. 

Bit5: STA: SMBus Start Flag.   
 0: No START condition is transmitted. 
 1: When operating as a master, a START condition is transmitted if the bus is free.  (If the 

bus is not free, the START is transmitted after a STOP is received.)  If STA is set after one 
or more bytes have been transmitted or received and before a STOP is received, a repeated 
START condition is transmitted.  STO should be explicitly cleared before setting STA to 
logic 1. 

Bit4: STO: SMBus Stop Flag.   
0: No STOP condition is transmitted. 

 1: Setting STO to logic 1 causes a STOP condition to be transmitted.  When a STOP 
condition is received, hardware clears STO to logic 0.  If both STA and STO are set, a 
STOP condition is transmitted followed by a START condition.  In slave mode, setting the 
STO flag causes SMBus to behave as if a STOP condition was received.   

Bit3: SI: SMBus Serial Interrupt Flag.   
This bit is set by hardware when one of 27 possible SMBus states is entered.  (Status code 
0xF8 does not cause SI to be set.)  When the SI interrupt is enabled, setting this bit causes 
the CPU to vector to the SMBus interrupt service routine.  This bit is not automatically 
cleared by hardware and must be cleared by software. 

Bit2: AA: SMBus Assert Acknowledge Flag.   
 This bit defines the type of acknowledge returned during the acknowledge cycle on the 

SCL line. 
0: A “not acknowledge” (high level on SDA) is returned during the acknowledge cycle. 
1: An “acknowledge” (low level on SDA) is returned during the acknowledge cycle. 

Bit1: FTE: SMBus Free Timer Enable Bit 
 0:  No timeout when SCL is high 
 1:  Timeout when SCL high time exceeds limit specified by the SMB0CR value. 
Bit0: TOE: SMBus Timeout Enable Bit 
 0:  No timeout when SCL is low. 
 1:  Timeout when SCL low time exceeds limit specified by Timer 3, if enabled. 
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Figure 17.2.  Typical SPI Interconnection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.1. Signal Descriptions 
The four signals used by the SPI (MOSI, MISO, SCK, NSS) are described below.   
 

17.1.1. Master Out, Slave In 
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.   Data is transferred most-significant bit first.   

17.1.2. Master In, Slave Out 
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.   Data is transferred most-significant bit first.  A SPI slave 
places the MISO pin in a high-impedance state when the slave is not selected. 

17.1.3. Serial Clock 
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. 

17.1.4. Slave Select 
The slave select (NSS) signal is an input used to select the SPI module when in slave mode by a master, or to 
disable the SPI module when in master mode.  When in slave mode, it is pulled low to initiate a data transfer and 
remains low for the duration of the transfer.   
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Figure 17.7.  SPI0CKR: SPI Clock Rate Register 

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

SCR7 SCR6 SCR5 SCR4 SCR3 SCR2 SCR1 SCR0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0x9D 

 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 17.8.  SPI0DAT: SPI Data 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: 

        0x9B 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bits7-0: SCR7-SCR0: SPI Clock Rate   
These bits determine the frequency of the SCK output when the SPI module is 
configured for master mode operation.  The SCK clock frequency is a divided down 
version of the system clock, and is given in the following equations: 

 
 fSCK = 0.5 * fSYSCLK / (SPI0CKR + 1),  for 0   SPI0CKR   255, 
 
  
 

Bits7-0: SPI0DAT: SPI0 Transmit and Receive Data. 
The SPI0DAT register is used to transmit and receive SPI data.  Writing data to SPI0DAT 
places the data immediately into the shift register and initiates a transfer when in Master 
Mode.  A read of SPI0DAT returns the contents of the receive buffer.



  

 Rev. 1.7 168 

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

Figure 21.3.  FLASHCON: JTAG Flash Control Register 

 
                Reset Value 

WRMD3 WRMD2 WRMD1 WRMD0 RDMD3 RDMD2 RDMD1 RDMD0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0  

         

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21.4.  FLASHADR: JTAG Flash Address Register 

 
                Reset Value 

                0x0000 
Bit15               Bit0  

         

 
 
 
 

This register determines how the Flash interface logic will respond to reads and writes to the 
FLASHDAT Register.   
 
Bits7-4: WRMD3-0: Write Mode Select Bits.   

The Write Mode Select Bits control how the interface logic responds to writes to the 
FLASHDAT Register per the following values: 
0000: A FLASHDAT write replaces the data in the FLASHDAT register, but is otherwise 

ignored. 
0001: A FLASHDAT write initiates a write of FLASHDAT into the memory location 

addressed by the FLASHADR register.  FLASHADR is incremented by one when 
complete. 

0010: A FLASHDAT write initiates an erasure (sets all bytes to 0xFF) of the Flash page 
containing the address in FLASHADR.  FLASHDAT must be 0xA5 for the erase to 
occur.  FLASHADR is not affected.  If FLASHADR = 0x7DFE – 0x7DFF, the entire 
user space will be erased (i.e. entire Flash memory except for Reserved area 0x7E00 –
0x7FFF). 

(All other values for WRMD3-0 are reserved.) 
 
Bits3-0: RDMD3-0: Read Mode Select Bits.   

The Read Mode Select Bits control how the interface logic responds to reads to the 
FLASHDAT Register per the following values: 
0000: A FLASHDAT read provides the data in the FASHDAT register, but is otherwise 

ignored. 
0001: A FLASHDAT read initiates a read of the byte addressed by the FLASHADR register 

if no operation is currently active.  This mode is used for block reads. 
0010: A FLASHDAT read initiates a read of the byte addressed by FLASHADR only if no 

operation is active and any data from a previous read has already been read from 
FLASHDAT.  This mode allows single bytes to be read (or the last byte of a block) 
without initiating an extra read. 

(All other values for RDMD3-0 are reserved.) 

This register holds the address for all JTAG Flash read, write, and erase operations.  This register 
autoincrements after each read or write, regardless of whether the operation succeeded or failed. 
 
Bits15-0: Flash Operation 16-bit Address. 


