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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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Name 

Pin Numbers 

Type Description 
F000 
F005 
F010 
F015 

F001 
F006 
F011 
F016 

F002 
F007 
F012 
F017 

AIN6 13 10  A In Analog Mux Channel Input 6.  (See ADC Specification for complete 
description). 

AIN7 14 11  A In Analog Mux Channel Input 7.  (See ADC Specification for complete 
description). 

P0.0 39 31 19 D I/O Port0 Bit0.  (See the Port I/O Sub-System section for complete description). 
P0.1 42 34 22 D I/O Port0 Bit1.  (See the Port I/O Sub-System section for complete description). 
P0.2 47 35 23 D I/O Port0 Bit2.  (See the Port I/O Sub-System section for complete description). 
P0.3 48 36 24 D I/O Port0 Bit3.  (See the Port I/O Sub-System section for complete description). 
P0.4 49 37 25 D I/O Port0 Bit4.   (See the Port I/O Sub-System section for complete description). 
P0.5 50 38 26 D I/O Port0 Bit5.  (See the Port I/O Sub-System section for complete description). 
P0.6 55 39 27 D I/O Port0 Bit6.  (See the Port I/O Sub-System section for complete description). 
P0.7 56 40 28 D I/O Port0 Bit7.  (See the Port I/O Sub-System section for complete description). 
P1.0 38 30  D I/O Port1 Bit0.  (See the Port I/O Sub-System section for complete description). 
P1.1 37 29  D I/O Port1 Bit1.  (See the Port I/O Sub-System section for complete description). 
P1.2 36 28  D I/O Port1 Bit2.  (See the Port I/O Sub-System section for complete description). 
P1.3 35 26  D I/O Port1 Bit3.  (See the Port I/O Sub-System section for complete description). 
P1.4 34 25  D I/O Port1 Bit4.  (See the Port I/O Sub-System section for complete description). 
P1.5 32 24  D I/O Port1 Bit5.  (See the Port I/O Sub-System section for complete description). 
P1.6 60 42  D I/O Port1 Bit6.  (See the Port I/O Sub-System section for complete description). 
P1.7 59 41  D I/O Port1 Bit7.  (See the Port I/O Sub-System section for complete description). 
P2.0 33   D I/O Port2 Bit0.  (See the Port I/O Sub-System section for complete description). 
P2.1 27   D I/O Port2 Bit1.  (See the Port I/O Sub-System section for complete description). 
P2.2 54   D I/O Port2 Bit2.  (See the Port I/O Sub-System section for complete description). 
P2.3 53   D I/O Port2 Bit3.  (See the Port I/O Sub-System section for complete description). 
P2.4 52   D I/O Port2 Bit4.  (See the Port I/O Sub-System section for complete description). 
P2.5 51   D I/O Port2 Bit5.  (See the Port I/O Sub-System section for complete description). 
P2.6 44   D I/O Port2 Bit6.  (See the Port I/O Sub-System section for complete description). 
P2.7 43   D I/O Port2 Bit7.  (See the Port I/O Sub-System section for complete description). 
P3.0 26   D I/O Port3 Bit0.  (See the Port I/O Sub-System section for complete description). 
P3.1 25   D I/O Port3 Bit1.  (See the Port I/O Sub-System section for complete description). 
P3.2 24   D I/O Port3 Bit2.  (See the Port I/O Sub-System section for complete description). 
P3.3 23   D I/O Port3 Bit3.  (See the Port I/O Sub-System section for complete description). 
P3.4 58   D I/O Port3 Bit4.  (See the Port I/O Sub-System section for complete description). 
P3.5 57   D I/O Port3 Bit5.  (See the Port I/O Sub-System section for complete description). 
P3.6 46   D I/O Port3 Bit6.  (See the Port I/O Sub-System section for complete description). 
P3.7 45   D I/O Port3 Bit7.  (See the Port I/O Sub-System section for complete description). 
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Figure 4.6.  LQFP-32 Package Drawing 
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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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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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6.2. ADC Modes of Operation 
The ADC uses VREF to determine its full-scale voltage, thus the reference must be properly configured before 
performing a conversion (see Section 9).  The ADC has a maximum conversion speed of 100ksps.  The ADC 
conversion clock is derived from the system clock.  Conversion clock speed can be reduced by a factor of 2, 4, 8 or 
16 via the ADCSC bits in the ADC0CF Register.  This is useful to adjust conversion speed to accommodate 
different system clock speeds.   
 
A conversion can be initiated in one of four ways, depending on the programmed states of the ADC Start of 
Conversion Mode bits (ADSTM1, ADSTM0) in ADC0CN.  Conversions may be initiated by:  

1. Writing a 1 to the ADBUSY bit of ADC0CN;   
2. A Timer 3 overflow (i.e. timed continuous conversions); 
3. A rising edge detected on the external ADC convert start signal, CNVSTR; 
4. A Timer 2 overflow (i.e. timed continuous conversions). 
 

Writing a 1 to ADBUSY provides software control of the ADC whereby conversions are performed “on-demand”.  
During conversion, the ADBUSY bit is set to 1 and restored to 0 when conversion is complete.  The falling edge of 
ADBUSY triggers an interrupt (when enabled) and sets the ADCINT interrupt flag.  Note: When conversions are 
performed “on-demand”, the ADCINT flag, not ADBUSY, should be polled to determine when the 
conversion has completed. Converted data is available in the ADC data word MSB and LSB registers, ADC0H, 
ADC0L.  Converted data can be either left or right justified in the ADC0H:ADC0L register pair (see example in 
Figure 6.9) depending on the programmed state of the ADLJST bit in the ADC0CN register.   
 
The ADCTM bit in register ADC0CN controls the ADC track-and-hold mode.  In its default state, the ADC input is 
continuously tracked, except when a conversion is in progress.  Setting ADCTM to 1 allows one of four different 
low power track-and-hold modes to be specified by states of the ADSTM1-0 bits (also in ADC0CN):   

1. Tracking begins with a write of 1 to ADBUSY and lasts for 3 SAR clocks;  
2. Tracking starts with an overflow of Timer 3 and lasts for 3 SAR clocks; 
3. Tracking is active only when the CNVSTR input is low;  
4. Tracking starts with an overflow of Timer 2 and lasts for 3 SAR clocks. 
 

Modes 1, 2 and 4 (above) are useful when the start of conversion is triggered with a software command or when the 
ADC is operated continuously.  Mode 3 is used when the start of conversion is triggered by external hardware.  In 
this case, the track-and-hold is in its low power mode at times when the CNVSTR input is high.  Tracking can also 
be disabled (shutdown) when the entire chip is in low power standby or sleep modes.    

Figure 6.2.  10-Bit ADC Track and Conversion Example Timing 
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Figure 6.5.  AMX0SL: AMUX Channel Select Register (C8051F01x) 

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

- - - - AMXAD3 AMXAD2 AMXAD1 AMXAD0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xBB 

 
 
 
 

 
 

 AMXAD3-0 
 0000 0001 0010 0011 0100 0101 0110 0111 1xxx 

0000 AIN0 AIN1 AIN2 AIN3 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0001 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0010 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0011 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 AIN6 AIN7 
TEMP 

SENSOR 

0100 AIN0 AIN1 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

0101 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

0110 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

0111 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 AIN6 AIN7 
TEMP 

SENSOR 

1000 AIN0 AIN1 AIN2 AIN3 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1001 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1010 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1011 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 AIN4 AIN5 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1100 AIN0 AIN1 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1101 +(AIN0) 
-(AIN1) 

 AIN2 AIN3 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1110 AIN0 AIN1 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

1111 +(AIN0) 
-(AIN1) 

 
+(AIN2) 
-(AIN3) 

 
+(AIN4) 
-(AIN5) 

 
+(AIN6) 
-(AIN7) 

 
TEMP 

SENSOR 

 

Bits7-4: UNUSED.  Read = 0000b; Write = don’t care 
Bits3-0: AMXAD3-0: AMUX Address Bits 

0000-1111:  ADC Inputs selected per chart below 

A
M
X
0
C
F 
 
B
I
T
S 
 
3 
- 
0 
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6.3. ADC Programmable Window Detector 
The ADC programmable window detector is very useful in many applications.  It continuously compares the ADC 
output to user-programmed limits and notifies the system when an out-of-band 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 (ADWINT in ADC0CN) can also be used in polled 
mode.  The high and low bytes of the reference words are loaded into the ADC Greater-Than and ADC Less-Than 
registers (ADC0GTH, ADC0GTL, ADC0LTH, and ADC0LTL). Figure 6.14 and Figure 6.15 show example 
comparisons for reference.  Notice that the window detector flag can be asserted when the measured data is inside 
or outside the user-programmed limits, depending on the programming of the ADC0GTx and ADC0LTx registers.     
  

Figure 6.10.  ADC0GTH: ADC Greater-Than Data High Byte Register (C8051F01x) 

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

        11111111 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xC5 
 
 
 

Figure 6.11.  ADC0GTL: ADC Greater-Than Data Low Byte Register (C8051F01x) 

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

        11111111 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0xC4 

 
 
 
 

 
 

Figure 6.12.  ADC0LTH: ADC Less-Than Data High Byte Register (C8051F01x) 
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: 

        0xC7 
 
 
 
 

Figure 6.13.  ADC0LTL: ADC Less-Than Data Low Byte Register (C8051F01x) 
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: 

        0xC6 

 
 
 
 

Bits7-0:  
The high byte of the ADC Greater-Than Data Word.   

Bits7-0:  
The low byte of the ADC Greater-Than Data Word. 
Definition:  
ADC Greater-Than Data Word = ADC0GTH:ADC0GTL 

Bits7-0:  
The high byte of the ADC Less-Than Data Word. 

Bits7-0:  
These bits are the low byte of the ADC Less-Than Data Word. 
 
Definition:   
ADC Less-Than Data Word = ADC0LTH:ADC0LTL 



  

 Rev. 1.7 50 

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

Table 6.1.  10-Bit ADC Electrical Characteristics 

VDD = 3.0V, AV+ = 3.0V, VREF = 2.40V (REFBE=0), PGA Gain = 1, -40C to +85C unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC ACCURACY 
Resolution  10 bits 
Integral Nonlinearity    ½  1 LSB 
Differential Nonlinearity Guaranteed Monotonic   ½  1 LSB 
Offset Error    0.5  LSB 
Full Scale Error Differential mode  -1.5  

0.5 
 LSB 

Offset Temperature 
Coefficient 

   0.25  ppm/C 

DYNAMIC PERFORMANCE (10kHz sine-wave input, 0 to –1dB of full scale, 100ksps) 
Signal-to-Noise Plus 
Distortion 

 59 61  dB 

Total Harmonic Distortion Up to the 5th harmonic  -70  dB 
Spurious-Free Dynamic 
Range 

  80  dB 

CONVERSION RATE 
Conversion Time in SAR 
Clocks 

 16   clocks 

SAR Clock Frequency C8051F000, ‘F001, ‘F002 
C8051F005, ‘F006, ‘F007 

  2.0 
2.5 

MHz 
MHz 

Track/Hold Acquisition 
Time 

 1.5   s 

Throughput Rate    100 ksps 
ANALOG INPUTS 
Voltage Conversion Range Single-ended Mode (AINn – AGND) 

Differential Mode |(AINn+) – (AINm-)| 
0  VREF 

- 1LSB 
V 

Input Voltage Any AINn pin AGND  AV+ V 
Input Capacitance   10  pF 
TEMPERATURE SENSOR 
Linearity    0.20  C 
Absolute Accuracy    3  C 
Gain PGA Gain = 1  2.86  mV/C 
Gain Error (1) PGA Gain = 1   33.5  V/C 
Offset PGA Gain = 1, Temp = 0C  776  mV 
Offset Error (1) PGA Gain = 1, Temp = 0C   8.51  mV 
POWER SPECIFICATIONS 
Power Supply Current (AV+ 
supplied to ADC) 

Operating Mode, 100ksps  450 900 A 

Power Supply Rejection    0.3  mV/V 
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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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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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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, -40C to +85C 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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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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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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Figure 19.5.  TMOD: Timer Mode Register 

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

GATE1 C/T1 T1M1 T1M0 GATE0 C/T0 T0M1 T0M0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

        0x89 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Bit7: GATE1: Timer 1 Gate Control. 
0: Timer 1 enabled when TR1 = 1 irrespective of /INT1 logic level. 
1: Timer 1 enabled only when TR1 = 1 AND /INT1 = logic level one. 
 

Bit6: C/T1: Counter/Timer 1 Select.   
 0:  Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.4). 
 1:  Counter Function: Timer 1 incremented by high-to-low transitions on external input pin 

(T1). 
 
Bits5-4: T1M1-T1M0: Timer 1 Mode Select.   

These bits select the Timer 1 operation mode. 
 

T1M1 T1M0 Mode 
0 0 Mode 0: 13-bit counter/timer 
0 1 Mode 1: 16-bit counter/timer 
1 0 Mode 2: 8-bit counter/timer with auto-reload 
1 1 Mode 3: Timer 1 Inactive/stopped 

 
Bit3: GATE0: Timer 0 Gate Control. 

0: Timer 0 enabled when TR0 = 1 irrespective of /INT0 logic level. 
1: Timer 0 enabled only when TR0 = 1 AND /INT0 = logic level one. 
 

Bit2: C/T0: Counter/Timer Select.   
 0:  Timer Function: Timer 0 incremented by clock defined by T0M bit (CKCON.3). 
 1:  Counter Function: Timer 0 incremented by high-to-low transitions on external input pin 

(T0). 
 
Bits1-0: T0M1-T0M0: Timer 0 Mode Select.   

These bits select the Timer 0 operation mode. 
 

T0M1 T0M0 Mode 
0 0 Mode 0: 13-bit counter/timer 
0 1 Mode 1: 16-bit counter/timer 
1 0 Mode 2: 8-bit counter/timer with auto-reload 
1 1 Mode 3: Two 8-bit counter/timers 
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19.2.2. Mode 1: 16-bit Counter/Timer with Auto-Reload 
The Counter/Timer with Auto-Reload mode sets the TF2 timer overflow flag when the counter/timer register 
overflows from 0xFFFF to 0x0000.  An interrupt is generated if enabled.  On overflow, the 16-bit value held in the 
two capture registers (RCAP2H, RCAP2L) is automatically loaded into the counter/timer register and the timer is 
restarted. 

 
Counter/Timer with Auto-Reload mode is selected by clearing the CP/RL2 bit.  Setting TR2 to logic 1 enables and 
starts the timer.  Timer 2 can use either the system clock or transitions on an external input pin as its clock source, as 
specified by the C/T2 bit.  If EXEN2 is set to logic 1, a high-to-low transition on T2EX will also cause Timer 2 to 
be reloaded.  If EXEN2 is cleared, transitions on T2EX will be ignored. 
 

Figure 19.12.  T2 Mode 1 Block Diagram 
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20.1. Capture/Compare Modules 
Each module can be configured to operate independently in one of four operation modes: Edge-triggered Capture, 
Software Timer, High Speed Output, or 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 20.1 summarizes the bit settings in the PCA0CPMn registers used to place the PCA capture/compare modules 
into different operating modes.  Setting the ECCFn bit in a PCA0CPMn register enables the module’s CCFn 
interrupt.  Note: PCA0 interrupts must be globally enabled before individual CCFn interrupts are recognized.  PCA0 
interrupts are globally enabled by setting the EA bit (IE.7) and the EPCA0 bit (EIE1.3) to logic 1.  See Figure 20.2 
for details on the PCA interrupt configuration. 

 

Table 20.1.  PCA0CPM Register Settings for PCA Capture/Compare Modules 

ECOM CAPP CAPN MAT TOG PWM ECCF Operation Mode 
X 1 0 0 0 0 X Capture triggered by positive edge on 

CEXn 
X 0 1 0 0 0 X Capture triggered by negative edge on 

CEXn 
X 1 1 0 0 0 X Capture triggered by transition on CEXn 
1 0 0 1 0 0 X Software Timer 
1 0 0 1 1 0 X High Speed Output 
1 0 0 X 0 1 X Pulse Width Modulator 

X = Don’t Care 
 

Figure 20.2.  PCA Interrupt Block Diagram 
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20.3. Register Descriptions for PCA 
The system device may implement one or more Programmable Counter Arrays.  Following are detailed descriptions 
of the special function registers related to the operation of the PCA.  The CIP-51 System Controller section of the 
datasheet provides additional information on the SFRs and their use. 
 

Figure 20.8. PCA0CN: PCA Control Register 

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

CF CR - CCF4 CCF3 CCF2 CCF1 CCF0 00000000 
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address: 

       (bit addressable) 0xD8 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bit7: CF: PCA Counter/Timer Overflow Flag. 
Set by hardware when the PCA Counter/Timer overflows from 0xFFFF to 0x0000.  When 
the Counter/Timer Overflow (CF) interrupt is enabled, setting this bit causes the CPU to 
vector to the CF interrupt service routine.  This bit is not automatically cleared by 
hardware and must be cleared by software. 

 
Bit6: CR: PCA Counter/Timer Run Control.   

This bit enables/disables the PCA Counter/Timer.  
0: PCA Counter/Timer disabled. 
1: PCA Counter/Timer enabled. 

 
Bit5: UNUSED.  Read = 0, Write = don’t care. 
 
Bit4: CCF4: PCA Module 4 Capture/Compare Flag.   

This bit is set by hardware when a match or capture occurs.  When the CCF interrupt is 
enabled, setting this bit causes the CPU to vector to the CCF interrupt service routine.  This
bit is not automatically cleared by hardware and must be cleared by software. 

 
Bit3: CCF3: PCA Module 3 Capture/Compare Flag.   

This bit is set by hardware when a match or capture occurs.  When the CCF interrupt is 
enabled, setting this bit causes the CPU to vector to the CCF interrupt service routine.  This
bit is not automatically cleared by hardware and must be cleared by software. 

 
Bit2: CCF2: PCA Module 2 Capture/Compare Flag.   

This bit is set by hardware when a match or capture occurs.  When the CCF interrupt is 
enabled, setting this bit causes the CPU to vector to the CCF interrupt service routine.  This
bit is not automatically cleared by hardware and must be cleared by software. 

 
Bit1: CCF1: PCA Module 1 Capture/Compare Flag.   

This bit is set by hardware when a match or capture occurs.  When the CCF interrupt is 
enabled, setting this bit causes the CPU to vector to the CCF interrupt service routine.  This
bit is not automatically cleared by hardware and must be cleared by software. 

 
Bit0: CCF0: PCA Module 0 Capture/Compare Flag.   

This bit is set by hardware when a match or capture occurs.  When the CCF interrupt is 
enabled, setting this bit causes the CPU to vector to the CCF interrupt service routine.  This
bit is not automatically cleared by hardware and must be cleared by software. 

 


