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IDD Supply Sensitivity (Note 3) F = 25 MHz — 47 — %/V

F = 1 MHz — 59 — %/V

IDD Frequency Sensitivity 
(Note 3, Note 5)

VDD = 3.0 V, F <= 1 MHz, T = 25 °C — 0.27 — mA/MHz

VDD = 3.0 V, F > 1 MHz, T = 25 °C — 0.10 — mA/MHz

VDD = 3.6 V, F <= 1 MHz, T = 25 °C — 0.35 — mA/MHz

VDD = 3.6 V, F > 1 MHz, T = 25 °C — 0.12 — mA/MHz

Digital Supply Current 
(Stop Mode, shutdown)

Oscillator not running,
VDD Monitor Disabled

— < 0.1 — µA

Notes: 
1. Given in Table 9.2 on page 86.
2. SYSCLK must be at least 32 kHz to enable debugging.
3. Based on device characterization data; Not production tested.
4. Normal IDD can be estimated for frequencies <= 15 MHz by simply multiplying the frequency of interest by 

the frequency sensitivity number for that range. When using these numbers to estimate IDD for >15 MHz, the 
estimate should be the current at 25 MHz minus the difference in current indicated by the frequency sensitivity 
number.  
For example: VDD = 3.0 V; F = 20 MHz, IDD = 6.6 mA – (25 MHz – 20 MHz) x 0.16 mA/MHz = 5.8 mA.

5. Idle IDD can be estimated for frequencies <= 1 MHz by simply multiplying the frequency of interest by the 
frequency sensitivity number for that range. When using these numbers to estimate Idle IDD for >1 MHz, the 
estimate should be the current at 25 MHz minus the difference in current indicated by the frequency sensitivity 
number.  
For example: VDD = 3.0 V; F = 5 MHz, Idle IDD = 3.3 mA – (25 MHz – 5 MHz) x 0.10 mA/MHz = 1.3 mA.

Table 3.1. Global Electrical Characteristics  (Continued)
–40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min Typ Max Units
26 Rev. 2.9



C8051F300/1/2/3/4/5
5.3.2. Tracking Modes

According to Table 5.1 on page 47, each ADC0 conversion must be preceded by a minimum tracking time 
for the converted result to be accurate. The AD0TM bit in register ADC0CN controls the ADC0 track-and-
hold mode. In its default state, the ADC0 input is continuously tracked except when a conversion is in prog-
ress. When the AD0TM bit is logic 1, ADC0 operates in low-power track-and-hold mode. In this mode, 
each conversion is preceded by a tracking period of 3 SAR clocks (after the start-of-conversion signal). 
When the CNVSTR signal is used to initiate conversions in low-power tracking mode, ADC0 tracks only 
when CNVSTR is low; conversion begins on the rising edge of CNVSTR (see Figure 5.4). Tracking can 
also be disabled (shutdown) when the device is in low power standby or sleep modes. Low-power track-
and-hold mode is also useful when AMUX or PGA settings are frequently changed, due to the settling time 
requirements described in Section “5.3.3. Settling Time Requirements” on page 41.

 

Figure 5.4. 8-Bit ADC Track and Conversion Example Timing
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SFR Definition 5.1. AMX0SL: AMUX0 Channel Select (C8051F300/2)

Bits7–4: AMX0N3–0: AMUX0 Negative Input Selection.
Note that when GND is selected as the Negative Input, ADC0 operates in Single-ended 
mode. For all other Negative Input selections, ADC0 operates in Differential mode.
0000–1000b: ADC0 Negative Input selected per the chart below.

Bits3–0: AMX0P3–0: AMUX0 Positive Input Selection.
0000–1001b: ADC0 Positive Input selected per the chart below.
1010–1111b: RESERVED.

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

AMX0N3 AMX0N2 AMX0N1 AMX0N0 AMX0P3 AMX0P2 AMX0P1 AMX0P0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xBB

AMX0N3–0 ADC0 Negative Input
0000 P0.0
0001 P0.1
0010 P0.2
0011 P0.3
0100 P0.4
0101 P0.5
0110 P0.6
0111 P0.7
1xxx GND (ADC in Single-Ended Mode)

AMX0P3–0 ADC0 Positive Input
0000 P0.0
0001 P0.1
0010 P0.2
0011 P0.3
0100 P0.4
0101 P0.5
0110 P0.6
0111 P0.7
1000 Temperature Sensor

1001 VDD
42 Rev. 2.9
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Table 5.1. ADC0 Electrical Characteristics
VDD = 3.0 V, VREF = 2.40 V (REFSL = 0), PGA Gain = 1, –40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

DC Accuracy

Resolution 8 bits

Integral Nonlinearity — ±0.5 ±1 LSB

Differential Nonlinearity Guaranteed Monotonic — ±0.5 ±1 LSB

Offset Error –5.0 0.5 5.0 LSB

Full Scale Error Differential mode –5.0 –1 5.0 LSB

Dynamic Performance (10 kHz Sine-wave Differential Input, 1 dB below Full Scale, 500 ksps)

Signal-to-Noise Plus Distortion 45 48 — dB

Total Harmonic Distortion Up to the 5th harmonic — –56 — dB

Spurious-Free Dynamic Range — 58 — dB

Conversion Rate

SAR Conversion Clock — — 6 MHz

Conversion Time in SAR Clocks 11 — — clocks

Track/Hold Acquisition Time 300 — — ns

Throughput Rate — — 500 ksps

Analog Inputs

Input Voltage Range 0 — VREF V

Input Capacitance — 5 — pF

Temperature Sensor — — —

Linearity1,2,3 — ±0.5 — °C

Gain1,2,3 — 3350
±110

— µV / °C

Offset1,2,3 (Temp = 0 °C) — 897±31 — mV

Power Specifications

Power Supply Current 
(VDD supplied to ADC0) Operating Mode, 500 ksps

— 400 900 µA

Power Supply Rejection — ±0.3 — mV/V

Notes:
1. Represents one standard deviation from the mean.
2. Measured with PGA Gain = 2.
3. Includes ADC offset, gain, and linearity variations.
Rev. 2.9 47
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Comparator0 interrupts can be generated on both rising-edge and falling-edge output transitions. (For 
Interrupt enable and priority control, see Section “8.3. Interrupt Handler” on page 72). The CP0FIF flag 
is set to logic 1 upon a Comparator0 falling-edge interrupt, and the CP0RIF flag is set to logic 1 upon the 
Comparator0 rising-edge interrupt. Once set, these bits remain set until cleared by software. The output 
state of Comparator0 can be obtained at any time by reading the CP0OUT bit.   Comparator0 is enabled by 
setting the CP0EN bit to logic 1, and is disabled by clearing this bit to logic 0.

SFR Definition 7.1. CPT0CN: Comparator0 Control

Bit7: CP0EN: Comparator0 Enable Bit.
0: Comparator0 Disabled.
1: Comparator0 Enabled.

Bit6: CP0OUT: Comparator0 Output State Flag.
0: Voltage on CP0+ < CP0–.
1: Voltage on CP0+ > CP0–.

Bit5: CP0RIF: Comparator0 Rising-Edge Interrupt Flag.
0: No Comparator0 Rising Edge Interrupt has occurred since this flag was last cleared.
1: Comparator0 Rising Edge Interrupt has occurred.

Bit4: CP0FIF: Comparator0 Falling-Edge Interrupt Flag.
0: No Comparator0 Falling-Edge Interrupt has occurred since this flag was last cleared.
1: Comparator0 Falling-Edge Interrupt has occurred.

Bits3–2: CP0HYP1–0: Comparator0 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis = 5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

Bits1–0: CP0HYN1–0: Comparator0 Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis = 5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

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

CP0EN CP0OUT CP0RIF CP0FIF CP0HYP1 CP0HYP0 CP0HYN1 CP0HYN0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xF8
Rev. 2.9 53
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NOTES:
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8. CIP-51 Microcontroller
The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the 
MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU family has a superset of all the peripherals included with a standard 8051. Included are 
three 16-bit counter/timers (see description in Section 15), an enhanced full-duplex UART (see description 
in Section 14), 256 bytes of internal RAM, 128 byte Special Function Register (SFR) address space (Sec-
tion 8.2.6), and one byte-wide I/O Port (see description in Section 12). The CIP-51 also includes on-chip 
debug hardware (see description in Section 17), and interfaces directly with the analog and digital subsys-
tems providing a complete data acquisition or control-system solution in a single integrated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as 
additional custom peripherals and functions to extend its capability (see Figure 8.1 for a block diagram). 
The CIP-51 includes the following features:

Figure 8.1. CIP-51 Block Diagram

- Fully Compatible with MCS-51 Instruction Set - Extended Interrupt Handler 
- 25 MIPS Peak Throughput with 25 MHz Clock - Reset Input
- 0 to 25 MHz Clock Frequency - Power Management Modes
- 256 Bytes of Internal RAM - On-chip Debug Logic
- Byte-Wide I/O Port - Program and Data Memory Security
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9. Reset Sources
Reset circuitry allows the controller to be easily placed in a predefined default condition. On entry to this 
reset state, the following occur:

• CIP-51 halts program execution
• Special Function Registers (SFRs) are initialized to their defined reset values
• External Port pins are forced to a known state
• Interrupts and timers are disabled. 

All SFRs are reset to the predefined values noted in the SFR detailed descriptions. The contents of internal 
data memory are unaffected during a reset; any previously stored data is preserved. However, since the 
stack pointer SFR is reset, the stack is effectively lost even though the data on the stack is not altered. 

The Port I/O latches are reset to 0xFF (all logic ones) in open-drain mode. Weak pullups are enabled 
during and after the reset. For VDD Monitor and power-on resets, the RST pin is driven low until the device 
exits the reset state.

On exit from the reset state, the program counter (PC) is reset, and the system clock defaults to the inter-
nal oscillator. Refer to Section “11. Oscillators” on page 97 for information on selecting and configuring 
the system clock source. The Watchdog Timer is enabled with the system clock divided by 12 as its clock 
source (Section “16.3. Watchdog Timer Mode” on page 164 details the use of the Watchdog Timer). 
Once the system clock source is stable, program execution begins at location 0x0000.

Figure 9.1. Reset Sources
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11.5. External RC Example

If an RC network is used as an external oscillator source for the MCU, the circuit should be configured as 
shown in Figure 11.1, Option 2. The capacitor should be no greater than 100 pF; however for very small 
capacitors, the total capacitance may be dominated by parasitic capacitance in the PCB layout. To deter-
mine the required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, first 
select the RC network value to produce the desired frequency of oscillation. If the frequency desired is 
100 kHz, let R = 246 kΩ and C = 50 pF:

f = 1.23( 103 ) / RC = 1.23 ( 103 ) / [ 246 x 50 ] = 0.1 MHz = 100 kHz

Referring to the table in SFR Definition 11.3, the required XFCN setting is 010b.

11.6. External Capacitor Example

If a capacitor is used as an external oscillator for the MCU, the circuit should be configured as shown in 
Figure 11.1, Option 3. The capacitor should be no greater than 100 pF; however for very small capacitors, 
the total capacitance may be dominated by parasitic capacitance in the PCB layout. To determine the 
required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, select the capaci-
tor to be used and find the frequency of oscillation from the equations below. Assume VDD = 3.0 V and 
f = 150 kHz:

f = KF / (C x VDD)

0.150 MHz = KF / (C x 3.0)

Since the frequency of roughly 150 kHz is desired, select the K Factor from the table in SFR Definition 11.3 
as KF = 22:

0.150 MHz = 22 / (C x 3.0)

C x 3.0 = 22 / 0.150 MHz

C = 146.6 / 3.0 pF = 48.8 pF

Therefore, the XFCN value to use in this example is 011b and C = 50 pF.
102 Rev. 2.9
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12. Port Input/Output
Digital and analog resources are available through a byte-wide digital I/O Port, Port0. Each of the Port pins 
can be defined as general-purpose I/O (GPIO), analog input, or assigned to one of the internal digital 
resources as shown in Figure 12.3. The designer has complete control over which functions are assigned, 
limited only by the number of physical I/O pins. This resource assignment flexibility is achieved through the 
use of a Priority Crossbar Decoder. Note that the state of a Port I/O pin can always be read in the corre-
sponding Port latch, regardless of the Crossbar settings. 

The Crossbar assigns the selected internal digital resources to the I/O pins based on the Priority Decoder 
(Figure 12.3 and Figure 12.4). The registers XBR0, XBR1, and XBR2, defined in SFR Definition 12.1, SFR 
Definition 12.2, and SFR Definition 12.3 are used to select internal digital functions.

All Port I/Os are 5 V tolerant (refer to Figure 12.2 for the Port cell circuit). The Port I/O cells are configured 
as either push-pull or open-drain in the Port0 Output Mode register (P0MDOUT). Complete Electrical 
Specifications for Port I/O are given in Table 12.1 on page 110.

Figure 12.1. Port I/O Functional Block Diagram

Figure 12.2. Port I/O Cell Block Diagram
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12.2. Port I/O Initialization

Port I/O initialization consists of the following steps:

Step 1.  Select the input mode (analog or digital) for all Port pins, using the Port0 Input Mode 
register (P0MDIN).

Step 2.  Select the output mode (open-drain or push-pull) for all Port pins, using the Port0 Output 
Mode register (P0MDOUT).

Step 3.  Set XBR0 to skip any pins selected as analog inputs or special functions.
Step 4.  Assign Port pins to desired peripherals.
Step 5.  Enable the Crossbar.

All Port pins must be configured as either analog or digital inputs. Any pins to be used as Comparator or 
ADC inputs should be configured as an analog inputs. When a pin is configured as an analog input, its 
weak pull-up, digital driver, and digital receiver is disabled. This process saves power and reduces noise 
on the analog input. Pins configured as digital inputs may still be used by analog peripherals; however this 
practice is not recommended.

Additionally, all analog input pins should be configured to be skipped by the Crossbar (accomplished by 
setting the associated bits in XBR0). Port input mode is set in the P0MDIN register, where a ‘1’ indicates a 
digital input, and a ‘0’ indicates an analog input. All pins default to digital inputs on reset. See SFR Defini-
tion 12.5 for the P0MDIN register details.

The output driver characteristics of the I/O pins are defined using the Port0 Output Mode register P0MD-
OUT (see SFR Definition 12.6). Each Port Output driver can be configured as either open drain or push-
pull. This selection is required even for the digital resources selected in the XBRn registers, and is not 
automatic. The only exception to this is the SMBus (SDA, SCL) pins, which are configured as open-drain 
regardless of the P0MDOUT settings. When the WEAKPUD bit in XBR2 is ‘0’, a weak pull-up is enabled 
for all Port I/O configured as open-drain. WEAKPUD does not affect the push-pull Port I/O. Furthermore, 
the weak pull-up is turned off on an open-drain output that is driving a ‘0’ to avoid unnecessary power dis-
sipation.

Registers XBR0, XBR1 and XBR2 must be loaded with the appropriate values to select the digital I/O func-
tions required by the design. Setting the XBARE bit in XBR2 to ‘1’ enables the Crossbar. Until the Crossbar 
is enabled, the external pins remain as standard digital inputs (output drivers disabled) regardless of the 
XBRn Register settings. For given XBRn Register settings, one can determine the I/O pin-out using the 
Priority Decode Table; as an alternative, the Configuration Wizard utility of the Silicon Labs IDE software 
will determine the Port I/O pin assignments based on the XBRn Register settings.
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SFR Definition 12.1. XBR0: Port I/O Crossbar Register 0

SFR Definition 12.2.  XBR1: Port I/O Crossbar Register 1

Bit7: UNUSED. Read = 0b; Write = don’t care.
Bits6–0: XSKP[6:0]: Crossbar Skip Enable Bits

These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (VREF input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P0.n pin is not skipped by the Crossbar.
1: Corresponding P0.n pin is skipped by the Crossbar.

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

— XSKP6 XSKP5 XSKP4 XSKP3 XSKP2 XSKP1 XSKP0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xE1

Bits7–6: PCA0ME: PCA Module I/0 Enable Bits
00: All PCA I/O unavailable at Port pins.
01: CEX0 routed to Port pin.
10: CEX0, CEX1 routed to Port pins.
11: CEX0, CEX1, CEX2 routed to Port pins.

Bit5: CP0AOEN: Comparator0 Asynchronous Output Enable
0: Asynchronous CP0 unavailable at Port pin.
1: Asynchronous CP0 routed to Port pin.

Bit4: CP0OEN: Comparator0 Output Enable
0: CP0 unavailable at Port pin.
1: CP0 routed to Port pin.

Bit3: SYSCKE: /SYSCLK Output Enable
0: /SYSCLK unavailable at Port pin.
1: /SYSCLK output routed to Port pin.

Bit2: SMB0OEN: SMBus I/O Enable
0: SMBus I/O unavailable at Port pins.
1: SDA, SCL routed to Port pins.

Bit1: URX0EN: UART RX Enable
0: UART RX0 unavailable at Port pin.
1: UART RX0 routed to Port pin P0.5.

Bit0: UTX0EN: UART TX Output Enable
0: UART TX0 unavailable at Port pin.
1: UART TX0 routed to Port pin P0.4.

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

PCA0ME CP0AOEN CP0OEN SYSCKE SMB0OEN URX0EN UTX0EN 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xE2
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SFR Definition 12.4. P0: Port0 Register

SFR Definition 12.5. P0MDIN: Port0 Input Mode 

Bits7–0: P0.[7:0]
Write - Output appears on I/O pins per XBR0, XBR1, and XBR2 Registers
0: Logic Low Output.
1: Logic High Output (open-drain if corresponding P0MDOUT.n bit = 0)
Read - Always reads ‘1’ if selected as analog input in register P0MDIN. Directly reads Port 
pin when configured as digital input.
0: P0.n pin is logic low.
1: P0.n pin is logic high.

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

P0.7 P0.6 P0.5 P0.4 P0.3 P0.2 P0.1 P0.0 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0x80

Bits7–0: Input Configuration Bits for P0.7-P0.0 (respectively)
Port pins configured as analog inputs have their weak pull-up, digital driver, and digital 
receiver disabled. 
0: Corresponding P0.n pin is configured as an analog input.
1: Corresponding P0.n pin is configured as a digital input.

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:

0xF1
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The direction bit (R/W) occupies the least significant bit position of the address byte. The direction bit is set 
to logic 1 to indicate a "READ" operation and cleared to logic 0 to indicate a "WRITE" operation. 

All transactions are initiated by a master, with one or more addressed slave devices as the target.   The 
master generates the START condition and then transmits the slave address and direction bit. If the trans-
action is a WRITE operation from the master to the slave, the master transmits the data a byte at a time 
waiting for an ACK from the slave at the end of each byte. For READ operations, the slave transmits the 
data waiting for an ACK from the master at the end of each byte. At the end of the data transfer, the master 
generates a STOP condition to terminate the transaction and free the bus. Figure 13.3 illustrates a typical 
SMBus transaction.

 

Figure 13.3. SMBus Transaction

13.3.1. Arbitration

A master may start a transfer only if the bus is free. The bus is free after a STOP condition or after the SCL 
and SDA lines remain high for a specified time (see Section “13.3.4. SCL High (SMBus Free) Timeout” 
on page 114). In the event that two or more devices attempt to begin a transfer at the same time, an arbi-
tration scheme is employed to force one master to give up the bus. The master devices continue transmit-
ting until one attempts a HIGH while the other transmits a LOW. Since the bus is open-drain, the bus will 
be pulled LOW. The master attempting the HIGH will detect a LOW SDA and lose the arbitration. The win-
ning master continues its transmission without interruption; the losing master becomes a slave and 
receives the rest of the transfer if addressed. This arbitration scheme is non-destructive: one device 
always wins, and no data is lost.

SLA6
SDA

SLA5-0 R/W D7 D6-0

SCL

Slave Address + R/W Data ByteSTART ACK NACK STOP
Rev. 2.9 113



C8051F300/1/2/3/4/5
SFR Definition 13.1. SMB0CF: SMBus Clock/Configuration 

Bit7: ENSMB: SMBus Enable.
This bit enables/disables the SMBus interface. When enabled, the interface constantly mon-
itors the SDA and SCL pins. 
0: SMBus interface disabled.
1: SMBus interface enabled.

Bit6: INH: SMBus Slave Inhibit.
When this bit is set to logic 1, the SMBus does not generate an interrupt when slave events 
occur. This effectively removes the SMBus slave from the bus. Master Mode interrupts are 
not affected.
0: SMBus Slave Mode enabled.
1: SMBus Slave Mode inhibited.

Bit5: BUSY: SMBus Busy Indicator.
This bit is set to logic 1 by hardware when a transfer is in progress. It is cleared to logic 0 
when a STOP or free timeout is sensed.

Bit4: EXTHOLD: SMBus Setup and Hold Time Extension Enable.
This bit controls the SDA setup and hold times according to Table 13.2. 
0: SDA Extended Setup and Hold Times disabled.
1: SDA Extended Setup and Hold Times enabled.

Bit3: SMBTOE: SMBus SCL Timeout Detection Enable.
This bit enables SCL low timeout detection. If set to logic 1, the SMBus forces Timer 2 to 
reload while SCL is high and allows Timer 2 to count when SCL goes low. If Timer 2 is con-
figured in split mode (T2SPLIT is set), only the high byte of Timer 2 is held in reload while 
SCL is high. Timer 2 should be programmed to generate interrupts at 25 ms, and the Timer 
2 interrupt service routine should reset SMBus communication.

Bit2: SMBFTE: SMBus Free Timeout Detection Enable.
When this bit is set to logic 1, the bus will be considered free if SCL and SDA remain high for 
more than 10 SMBus clock source periods.

Bits1–0: SMBCS1-SMBCS0: SMBus Clock Source Selection.
These two bits select the SMBus clock source, which is used to generate the SMBus bit 
rate. The selected device should be configured according to Equation 13.1.

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

ENSMB INH BUSY EXTHOLD SMBTOE SMBFTE SMBCS1 SMBCS0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xC1

SMBCS1 SMBCS0 SMBus Clock Source

0 0 Timer 0 Overflow

0 1 Timer 1 Overflow

1 0 Timer 2 High Byte Overflow

1 1 Timer 2 Low Byte Overflow
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13.5.2. Master Receiver Mode

Serial data is received on SDA while the serial clock is output on SCL. The SMBus interface generates the 
START condition and transmits the first byte containing the address of the target slave and the data direc-
tion bit. In this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then received from the 
slave on SDA while the SMBus outputs the serial clock. The slave transmits one or more bytes of serial 
data. After each byte is received, ACKRQ is set to ‘1’ and an interrupt is generated. Software must write 
the ACK bit (SMB0CN.1) to define the outgoing acknowledge value (Note: writing a ‘1’ to the ACK bit gen-
erates an ACK; writing a ‘0’ generates a NACK). Software should write a ‘0’ to the ACK bit after the last 
byte is received, to transmit a NACK. The interface exits Master Receiver Mode after the STO bit is set and 
a STOP is generated. Note that the interface will switch to Master Transmitter Mode if SMB0DAT is written 
while an active Master Receiver. Figure 13.6 shows a typical Master Receiver sequence. Two received 
data bytes are shown, though any number of bytes may be received. Notice that the ‘data byte transferred’ 
interrupts occur before the ACK cycle in this mode.

Figure 13.6. Typical Master Receiver Sequence

Data ByteData Byte A NAS R PSLA

S = START
P = STOP
A = ACK
N = NACK
R = READ
SLA = Slave Address

Received by SMBus
Interface

Transmitted by
SMBus Interface

Interrupt Interrupt InterruptInterrupt
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14.1. Enhanced Baud Rate Generation

The UART0 baud rate is generated by Timer 1 in 8-bit auto-reload mode. The TX clock is generated by 
TL1; the RX clock is generated by a copy of TL1 (shown as RX Timer in Figure 14.2), which is not user 
accessible. Both TX and RX Timer overflows are divided by two to generate the TX and RX baud rates. 
The RX Timer runs when Timer 1 is enabled, and uses the same reload value (TH1). However, an 
RX Timer reload is forced when a START condition is detected on the RX pin. This allows a receive to 
begin any time a START is detected, independent of the TX Timer state.

Figure 14.2. UART0 Baud Rate Logic

Timer 1 should be configured for Mode 2, 8-bit auto-reload (see Section “15.1.3. Mode 2: 8-bit 
Counter/Timer with Auto-Reload” on page 145). The Timer 1 reload value should be set so that over-
flows will occur at two times the desired UART baud rate frequency. Note that Timer 1 may be clocked by 
one of five sources: SYSCLK, SYSCLK / 4, SYSCLK / 12, SYSCLK / 48, or the external oscillator clock / 8. 
For any given Timer 1 clock source, the UART0 baud rate is determined by Equation 14.1.

Equation 14.1. UART0 Baud Rate
Where T1CLK is the frequency of the clock supplied to Timer 1, and T1H is the high byte of Timer 1 (reload 
value). Timer 1 clock frequency is selected as described in Section “15.2. Timer 2” on page 151. A quick 
reference for typical baud rates and system clock frequencies is given in Tables 14.1 through 14.6. Note 
that the internal oscillator may still generate the system clock when the external oscillator is driving Timer 1 
(see Section “15.1. Timer 0 and Timer 1” on page 143 for more details). 

RX Timer

Start
Detected

Overflow

Overflow

TH1

TL1 TX Clock2

RX Clock2

Timer 1 UART0

UartBaudRate
T1CLK

256 T1H–( )
------------------------------- 1

2
---×=
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16.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCA0L and PCA0H. PCA0H is the high byte 
(MSB) of the 16-bit counter/timer and PCA0L is the low byte (LSB).   Reading PCA0L automatically latches 
the value of PCA0H into a “snapshot” register; the following PCA0H read accesses this “snapshot” register. 
Reading the PCA0L Register first guarantees an accurate reading of the entire 16-bit PCA0 counter. 
Reading PCA0H or PCA0L does not disturb the counter operation. The CPS2-CPS0 bits in the PCA0MD 
register select the timebase for the counter/timer as shown in Table 16.1. Note that in ‘External oscillator 
source divided by 8’ mode, the external oscillator source is synchronized with the system clock, 
and must have a frequency less than or equal to the system clock.

When the counter/timer overflows from 0xFFFF to 0x0000, the Counter Overflow Flag (CF) in PCA0MD is 
set to logic 1 and an interrupt request is generated if CF interrupts are enabled. Setting the ECF bit in 
PCA0MD to logic 1 enables the CF flag to generate an interrupt request. The CF bit is not automatically 
cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared by soft-
ware (Note: PCA0 interrupts must be globally enabled before CF interrupts are recognized. PCA0 inter-
rupts are globally enabled by setting the EA bit and the EPCA0 bit to logic 1). Clearing the CIDL bit in the 
PCA0MD register allows the PCA to continue normal operation while the CPU is in Idle mode.

Figure 16.2. PCA Counter/Timer Block Diagram

Table 16.1. PCA Timebase Input Options

CPS2 CPS1 CPS0 Timebase

0 0 0 System clock divided by 12

0 0 1 System clock divided by 4

0 1 0 Timer 0 overflow

0 1 1 High-to-low transitions on ECI (max rate = system clock divided by 4)

1 0 0 System clock

1 0 1 External oscillator source divided by 8*

*Note:  External oscillator source divided by 8 is synchronized with the system clock. 
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SFR Definition 16.3. PCA0CPMn: PCA Capture/Compare Mode

PCA0CPMn Address: PCA0CPM0 = 0xDA (n = 0)
 PCA0CPM1 = 0xDB (n = 1)

PCA0CPM2 = 0xDC (n = 2)

Bit7: PWM16n: 16-bit Pulse Width Modulation Enable.
This bit selects 16-bit mode when Pulse Width Modulation mode is enabled (PWMn = 1).
0: 8-bit PWM selected.
1: 16-bit PWM selected. 

Bit6: ECOMn: Comparator Function Enable. 
This bit enables/disables the comparator function for PCA Module n. 
0: Disabled.
1: Enabled.

Bit5: CAPPn: Capture Positive Function Enable. 
This bit enables/disables the positive edge capture for PCA Module n. 
0: Disabled.
1: Enabled.

Bit4: CAPNn: Capture Negative Function Enable. 
This bit enables/disables the negative edge capture for PCA Module n. 
0: Disabled.
1: Enabled.

Bit3: MATn: Match Function Enable. 
This bit enables/disables the match function for PCA Module n. When enabled, matches of the 
PCA counter with a module's capture/compare register cause the CCFn bit in PCA0MD register 
to be set to logic 1. 
0: Disabled.
1: Enabled.

Bit2: TOGn: Toggle Function Enable. 
This bit enables/disables the toggle function for PCA Module n. When enabled, matches of the 
PCA counter with a module's capture/compare register cause the logic level on the CEXn pin to 
toggle. If the PWMn bit is also set to logic 1, the module operates in Frequency Output Mode.
0: Disabled.
1: Enabled.

Bit1: PWMn: Pulse Width Modulation Mode Enable. 
This bit enables/disables the PWM function for PCA Module n. When enabled, a pulse width 
modulated signal is output on the CEXn pin. 8-bit PWM is used if PWM16n is cleared; 16-bit 
mode is used if PWM16n is set to logic 1. If the TOGn bit is also set, the module operates in Fre-
quency Output Mode.
0: Disabled.
1: Enabled.

Bit0: ECCFn: Capture/Compare Flag Interrupt Enable. 
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt. 
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.

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

PWM16n ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xDA, 0xDB, 0xDC
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SFR Definition 16.4. PCA0L: PCA Counter/Timer Low Byte

SFR Definition 16.5.  PCA0H: PCA Counter/Timer High Byte

Bits 7–0: PCA0L: PCA Counter/Timer Low Byte. 
The PCA0L register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

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:

0xF9

Bits 7–0: PCA0H: PCA Counter/Timer High Byte.
The PCA0H register holds the high byte (MSB) of the 16-bit PCA Counter/Timer.

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:

0xFA
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