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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
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
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
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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11.  Comparator0

C8051F336/7/8/9 devices include an on-chip programmable voltage comparator, Comparator0, shown in 
Figure 11.1.

The Comparator offers programmable response time and hysteresis, an analog input multiplexer, and two 
outputs that are optionally available at the Port pins: a synchronous “latched” output (CP0), or an asyn-
chronous “raw” output (CP0A). The asynchronous CP0A signal is available even when the system clock is 
not active. This allows the Comparator to operate and generate an output with the device in STOP mode. 
When assigned to a Port pin, the Comparator output may be configured as open drain or push-pull (see 
Section “20.4. Port I/O Initialization” on page 126). Comparator0 may also be used as a reset source (see 
Section “17.5. Comparator0 Reset” on page 104).

The Comparator0 inputs are selected by the comparator input multiplexer, as detailed in Section 
“11.1. Comparator Multiplexer” on page 63.

Figure 11.1. Comparator0 Functional Block Diagram

The Comparator output can be polled in software, used as an interrupt source, and/or routed to a Port pin. 
When routed to a Port pin, the Comparator output is available asynchronous or synchronous to the system 
clock; the asynchronous output is available even in STOP mode (with no system clock active). When dis-
abled, the Comparator output (if assigned to a Port I/O pin via the Crossbar) defaults to the logic low state, 
and the power supply to the comparator is turned off. See Section “20.3. Priority Crossbar Decoder” on 
page 124 for details on configuring Comparator outputs via the digital Crossbar. Comparator inputs can be 
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OSCXCN 0xB1 External Oscillator Control 115

P0 0x80 Port 0 Latch 132

P0MASK 0xFE Port 0 Mask Configuration 129

P0MAT 0xFD Port 0 Match Configuration 130

P0MDIN 0xF1 Port 0 Input Mode Configuration 132

P0MDOUT 0xA4 Port 0 Output Mode Configuration 133

P0SKIP 0xD4 Port 0 Skip 133

P1 0x90 Port 1 Latch 134

P1MASK 0xEE Port 1Mask Configuration 130

P1MAT 0xED Port 1 Match Configuration 131

P1MDIN 0xF2 Port 1 Input Mode Configuration 134

P1MDOUT 0xA5 Port 1 Output Mode Configuration 135

P1SKIP 0xD5 Port 1 Skip 135

P2 0xA0 Port 2 Latch 136

P2MDIN 0xF3 Port 2 Input Mode Configuration 136

P2MDOUT 0xA6 Port 2 Output Mode Configuration 137

P2SKIP 0xD6 Port 2 Skip 137

PCA0CN 0xD8 PCA Control 215

PCA0CPH0 0xFC PCA Capture 0 High 220

PCA0CPH1 0xEA PCA Capture 1 High 220

PCA0CPH2 0xEC PCA Capture 2 High 220

PCA0CPL0 0xFB PCA Capture 0 Low 220

PCA0CPL1 0xE9 PCA Capture 1 Low 220

PCA0CPL2 0xEB PCA Capture 2 Low 220

PCA0CPM0 0xDA PCA Module 0 Mode Register 218

PCA0CPM1 0xDB PCA Module 1 Mode Register 218

PCA0CPM2 0xDC PCA Module 2 Mode Register 218

PCA0H 0xFA PCA Counter High 219

PCA0L 0xF9 PCA Counter Low 219

PCA0MD 0xD9 PCA Mode 216

PCA0PWM 0xF7 PCA PWM Configuration 217

PCON 0x87 Power Control 108

PSCTL 0x8F Program Store R/W Control 97

PSW 0xD0 Program Status Word 73

Table 14.2. Special Function Registers  (Continued)

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

Register Address Description Page
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SFR Address = 0xB8; Bit-Addressable 

SFR Definition 15.2. IP: Interrupt Priority

Bit 7 6 5 4 3 2 1 0

Name PSPI0 PT2 PS0 PT1 PX1 PT0 PX0

Type R R/W R/W R/W R/W R/W R/W R/W

Reset 1 0 0 0 0 0 0 0

Bit Name Function

7 UNUSED Unused. Read = 1, Write = Don't Care.

6 PSPI0 Serial Peripheral Interface (SPI0) Interrupt Priority Control.

This bit sets the priority of the SPI0 interrupt.
0: SPI0 interrupt set to low priority level.
1: SPI0 interrupt set to high priority level.

5 PT2 Timer 2 Interrupt Priority Control. 

This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority level.
1: Timer 2 interrupt set to high priority level.

4 PS0 UART0 Interrupt Priority Control. 

This bit sets the priority of the UART0 interrupt.
0: UART0 interrupt set to low priority level.
1: UART0 interrupt set to high priority level.

3 PT1 Timer 1 Interrupt Priority Control.

This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt set to low priority level.
1: Timer 1 interrupt set to high priority level.

2 PX1 External Interrupt 1 Priority Control. 

This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority level.
1: External Interrupt 1 set to high priority level.

1 PT0 Timer 0 Interrupt Priority Control. 

This bit sets the priority of the Timer 0 interrupt.
0: Timer 0 interrupt set to low priority level.
1: Timer 0 interrupt set to high priority level.

0 PX0 External Interrupt 0 Priority Control. 

This bit sets the priority of the External Interrupt 0 interrupt.
0: External Interrupt 0 set to low priority level.
1: External Interrupt 0 set to high priority level.
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SFR Address = 0xF6 

SFR Definition 15.4. EIP1: Extended Interrupt Priority 1

Bit 7 6 5 4 3 2 1 0

Name PT3 Reserved PCP0 PPCA0 PADC0 PWADC0 PMAT PSMB0

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 PT3 Timer 3 Interrupt Priority Control. 

This bit sets the priority of the Timer 3 interrupt.
0: Timer 3 interrupts set to low priority level.
1: Timer 3 interrupts set to high priority level.

6 Reserved Reserved. Must Write 0.

5 PCP0 Comparator0 (CP0) Interrupt Priority Control.

This bit sets the priority of the CP0 interrupt.
0: CP0 interrupt set to low priority level.
1: CP0 interrupt set to high priority level.

4 PPCA0 Programmable Counter Array (PCA0) Interrupt Priority Control.

This bit sets the priority of the PCA0 interrupt.
0: PCA0 interrupt set to low priority level.
1: PCA0 interrupt set to high priority level.

3 PADC0 ADC0 Conversion Complete Interrupt Priority Control.

This bit sets the priority of the ADC0 Conversion Complete interrupt.
0: ADC0 Conversion Complete interrupt set to low priority level.
1: ADC0 Conversion Complete interrupt set to high priority level.

2 PWADC0 ADC0 Window Comparator Interrupt Priority Control.

This bit sets the priority of the ADC0 Window interrupt.
0: ADC0 Window interrupt set to low priority level.
1: ADC0 Window interrupt set to high priority level.

1 PMAT Port Match Interrupt Priority Control. 

This bit sets the priority of the Port Match Event interrupt.
0: Port Match interrupt set to low priority level.
1: Port Match interrupt set to high priority level.

0 PSMB0 SMBus (SMB0) Interrupt Priority Control.

This bit sets the priority of the SMB0 interrupt.
0: SMB0 interrupt set to low priority level.
1: SMB0 interrupt set to high priority level.
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software prior to entering the Idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the Idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “17.6. PCA Watchdog 
Timer Reset” on page 104 for more information on the use and configuration of the WDT.

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

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

18.3.  Suspend Mode
Setting the SUSPEND bit (OSCICN.5) causes the hardware to halt the CPU and the high-frequency inter-
nal oscillator, and go into Suspend mode as soon as the instruction that sets the bit completes execution. 
All internal registers and memory maintain their original data. Most digital peripherals are not active in Sus-
pend mode. The exception to this is the Port Match feature and Timer 3, when it is run from an external 
oscillator source or the internal low-frequency oscillator.

Suspend mode can be terminated by four types of events, a port match (described in Section “20.5. Port 
Match” on page 129), a Timer 3 overflow (described in Section “24.3. Timer 3” on page 196), a Com-
parator low output (if enabled), or a device reset event. Note that in order to run Timer 3 in Suspend mode, 
the timer must be configured to clock from either the external clock source or the internal low-frequency 
oscillator source. When Suspend mode is terminated, the device will continue execution on the instruction 
following the one that set the SUSPEND bit. If the wake event (port match or Timer 3 overflow) was config-
ured to generate an interrupt, the interrupt will be serviced upon waking the device. If Suspend mode is ter-
minated by an internal or external reset, the CIP-51 performs a normal reset sequence and begins 
program execution at address 0x0000.
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19.2.  Programmable Internal High-Frequency (H-F) Oscillator
All C8051F336/7/8/9 devices include a programmable internal high-frequency oscillator that defaults as 
the system clock after a system reset. The internal oscillator period caPara1n be adjusted via the OSCICL 
register as defined by SFR Definition 19.2. 

On C8051F336/7/8/9 devices, OSCICL is factory calibrated to obtain a 24.5 MHz base frequency.

The system clock may be derived from the programmed internal oscillator divided by 1, 2, 4, or 8, as 
defined by the IFCN bits in register OSCICN. The divide value defaults to 8 following a reset.

19.2.1. Internal Oscillator Suspend Mode

When software writes a logic 1 to SUSPEND (OSCICN.5), the internal oscillator is suspended. If the sys-
tem clock is derived from the internal oscillator, the input clock to the peripheral or CIP-51 will be stopped 
until one of the following events occur:

 Port 0 Match Event.

 Port 1 Match Event.

 Comparator 0 enabled and output is logic 0.

 Timer3 Overflow Event.

When one of the oscillator awakening events occur, the internal oscillator, CIP-51, and affected peripherals 
resume normal operation, regardless of whether the event also causes an interrupt. The CPU resumes 
execution at the instruction following the write to SUSPEND.

SFR Address = 0xB3 

SFR Definition 19.2. OSCICL: Internal H-F Oscillator Calibration

Bit 7 6 5 4 3 2 1 0

Name OSCICL[6:0]

Type R R/W

Reset 0 Varies Varies Varies Varies Varies Varies Varies

Bit Name Function

7 Unused Unused. Read = 0; Write = Don’t Care

6:0 OSCICL[6:0] Internal Oscillator Calibration Bits.

These bits determine the internal oscillator period. When set to 0000000b, the H-F 
oscillator operates at its fastest setting. When set to 1111111b, the H-F oscillator 
operates at its slowest setting. The reset value is factory calibrated to generate an 
internal oscillator frequency of 24.5 MHz.



C8051F336/7/8/9

Rev.1.0 113

19.3.  Programmable Internal Low-Frequency (L-F) Oscillator
All C8051F336/7/8/9 devices include a programmable low-frequency internal oscillator, which is calibrated 
to a nominal frequency of 80 kHz. The low-frequency oscillator circuit includes a divider that can be 
changed to divide the clock by 1, 2, 4, or 8, using the OSCLD bits in the OSCLCN register (see SFR Defi-
nition 19.4). Additionally, the OSCLF[3:0] bits can be used to adjust the oscillator’s output frequency.

19.3.1. Calibrating the Internal L-F Oscillator

Timers 2 and 3 include capture functions that can be used to capture the oscillator frequency, when run-
ning from a known time base. When either Timer 2 or Timer 3 is configured for L-F Oscillator Capture 
Mode, a falling edge (Timer 2) or rising edge (Timer 3) of the low-frequency oscillator’s output will cause a 
capture event on the corresponding timer. As a capture event occurs, the current timer value 
(TMRnH:TMRnL) is copied into the timer reload registers (TMRnRLH:TMRnRLL). By recording the differ-
ence between two successive timer capture values, the low-frequency oscillator’s period can be calcu-
lated. The OSCLF bits can then be adjusted to produce the desired oscillator frequency.

SFR Address = 0xE3 

SFR Definition 19.4. OSCLCN: Internal L-F Oscillator Control

Bit 7 6 5 4 3 2 1 0

Name OSCLEN OSCLRDY OSCLF[3:0] OSCLD[1:0]

Type R/W R R.W R/W

Reset 0 0 Varies Varies Varies Varies 0 0

Bit Name Function

7 OSCLEN Internal L-F Oscillator Enable.

0: Internal L-F Oscillator Disabled.
1: Internal L-F Oscillator Enabled.

6 OSCLRDY Internal L-F Oscillator Ready.

0: Internal L-F Oscillator frequency not stabilized.
1: Internal L-F Oscillator frequency stabilized.
Note: OSCLRDY is only set back to 0 in the event of a device reset or a change to the 

OSCLD[1:0] bits.

5:2 OSCLF[3:0] Internal L-F Oscillator Frequency Control Bits.

Fine-tune control bits for the Internal L-F oscillator frequency. When set to 0000b, the 
L-F oscillator operates at its fastest setting. When set to 1111b, the L-F oscillator 
operates at its slowest setting.

1:0 OSCLD[1:0] Internal L-F Oscillator Divider Select.

00: Divide by 8 selected.
01: Divide by 4 selected.
10: Divide by 2 selected.
11: Divide by 1 selected.
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Figure 19.2. External 32.768 kHz Quartz Crystal Oscillator Connection Diagram

19.4.2. 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 19.1, 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, according to Equation 19.1, 
where f = the frequency of oscillation in MHz, C = the capacitor value in pF, and R = the pull-up resistor 
value in kΩ.

Equation 19.1. RC Mode Oscillator Frequency

For example: 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 19.5, the required XFCN setting is 010b.

XTAL1

XTAL2

10MΩ

22pF*22pF*

32.768 kHz

* Capacitor values depend on 
crystal specifications

f 1.23 10
3× R C×( )⁄=
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19.4.3. External Capacitor Example

If a capacitor is used as an external oscillator for the MCU, the circuit should be configured as shown in 
Figure 19.1, 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 according to Equation 19.2, where f = the frequency of 
oscillation in MHz, C = the capacitor value in pF, and VDD = the MCU power supply in Volts. 

Equation 19.2. C Mode Oscillator Frequency

For example: 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 19.5 
(OSCXCN) 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.

f KF( ) R VDD×( )⁄=
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Figure 20.2. Port I/O Cell Block Diagram

20.1.3. Interfacing Port I/O to 5V Logic

All Port I/O configured for digital, open-drain operation are capable of interfacing to digital logic operating at 
a supply voltage higher than VDD and less than 5.25V. An external pull-up resistor to the higher supply 
voltage is typically required for most systems. 

Important Note: In a multi-voltage interface, the external pull-up resistor should be sized to allow a current 
of at least 150uA to flow into the Port pin when the supply voltage is between (VDD + 0.6V) and 
(VDD + 1.0V). Once the Port pin voltage increases beyond this range, the current flowing into the Port pin 
is minimal. Figure 20.3 shows the input current characteristics of port pins driven above VDD. The port pin 
requires 150 µA peak overdrive current when its voltage reaches approximately (VDD + 0.7 V).

Figure 20.3. Port I/O Overdrive Current
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SFR Address = 0xFD 

SFR Address = 0xEE 

SFR Definition 20.4. P0MAT: Port 0 Match Register

Bit 7 6 5 4 3 2 1 0

Name P0MAT[7:0]

Type R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:0 P0MAT[7:0] Port 0 Match Value.

Match comparison value used on Port 0 for bits in P0MASK which are set to ‘1’.
0: P0.n pin logic value is compared with logic LOW.
1: P0.n pin logic value is compared with logic HIGH.

SFR Definition 20.5. P1MASK: Port 1 Mask Register

Bit 7 6 5 4 3 2 1 0

Name P1MASK[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 P1MASK[7:0] Port 1 Mask Value.

Selects P1 pins to be compared to the corresponding bits in P1MAT.
0: P1.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: P1.n pin logic value is compared to P1MAT.n.
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SFR Address = 0xA6 

SFR Address = 0xD6 

SFR Definition 20.17. P2MDOUT: Port 2 Output Mode

Bit 7 6 5 4 3 2 1 0

Name P2MDOUT[4:0]

Type R R R R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:5 UNUSED Unused. Read = 000b; Write = Don’t Care

4:0 P2MDOUT[4:0] Output Configuration Bits for P2.4–P2.0 (respectively).

These bits are ignored if the corresponding bit in register P2MDIN is logic 0.
0: Corresponding P2.n Output is open-drain.
1: Corresponding P2.n Output is push-pull.

Note: P2.0 is not available for analog input in the QFN20-packaged devices, and P2.1-P2.4 are only available in the 
QFN24-packaged devices.

SFR Definition 20.18. P2SKIP: Port 2 Skip

Bit 7 6 5 4 3 2 1 0

Name P2SKIP[7:0]

Type R R R R R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:4 UNUSED Unused. Read = 0000b; Write = Don’t Care

3:0 P2SKIP[3:0] Port 2 Crossbar Skip Enable Bits.

These bits select Port 2 pins to be skipped by the Crossbar Decoder. Port pins 
used for analog, special functions or GPIO should be skipped by the Crossbar.
0: Corresponding P2.n pin is not skipped by the Crossbar.
1: Corresponding P2.n pin is skipped by the Crossbar.

Note: P2.0 is not available for crossbar peripherals in the QFN20-packaged devices, and P2.1-P2.4 are only 
available in the QFN24-packaged devices.
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21.4.3. Hardware Slave Address Recognition

The SMBus hardware has the capability to automatically recognize incoming slave addresses and send an 
ACK without software intervention. Automatic slave address recognition is enabled by setting the EHACK 
bit in register SMB0ADM to 1. This will enable both automatic slave address recognition and automatic 
hardware ACK generation for received bytes (as a master or slave). More detail on automatic hardware 
ACK generation can be found in Section 21.4.2.2.

The registers used to define which address(es) are recognized by the hardware are the SMBus Slave 
Address register (SFR Definition 21.3) and the SMBus Slave Address Mask register (SFR Definition 21.4). 
A single address or range of addresses (including the General Call Address 0x00) can be specified using 
these two registers. The most-significant seven bits of the two registers are used to define which 
addresses will be ACKed. A 1 in bit positions of the slave address mask SLVM[6:0] enable a comparison 
between the received slave address and the hardware’s slave address SLV[6:0] for those bits. A 0 in a bit 

Table 21.3. Sources for Hardware Changes to SMB0CN

Bit Set by Hardware When: Cleared by Hardware When:

MASTER
 A START is generated.  A STOP is generated.

 Arbitration is lost.

TXMODE

 START is generated.

 SMB0DAT is written before the start of an 
SMBus frame.

 A START is detected.

 Arbitration is lost.

 SMB0DAT is not written before the 
start of an SMBus frame.

STA
 A START followed by an address byte is 

received.
 Must be cleared by software.

STO
 A STOP is detected while addressed as a 

slave.

 Arbitration is lost due to a detected STOP.

 A pending STOP is generated.

ACKRQ
 A byte has been received and an ACK 

response value is needed (only when 
hardware ACK is not enabled).

 After each ACK cycle.

ARBLOST

 A repeated START is detected as a 
MASTER when STA is low (unwanted 
repeated START).

 SCL is sensed low while attempting to 
generate a STOP or repeated START 
condition.

 SDA is sensed low while transmitting a 1 
(excluding ACK bits).

 Each time SI is cleared.

ACK
 The incoming ACK value is low  

(ACKNOWLEDGE).
 The incoming ACK value is high 

(NOT ACKNOWLEDGE).

SI

 A START has been generated.

 Lost arbitration.

 A byte has been transmitted and an 
ACK/NACK received.

 A byte has been received.

 A START or repeated START followed by a 
slave address + R/W has been received. 

 A STOP has been received. 

 Must be cleared by software.
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of the slave address mask means that bit will be treated as a “don’t care” for comparison purposes. In this 
case, either a 1 or a 0 value are acceptable on the incoming slave address. Additionally, if the GC bit in 
register SMB0ADR is set to 1, hardware will recognize the General Call Address (0x00). Table 21.4 shows 
some example parameter settings and the slave addresses that will be recognized by hardware under 
those conditions.

SFR Address = 0xD7 

Table 21.4. Hardware Address Recognition Examples (EHACK = 1)

Hardware Slave Address

SLV[6:0]

Slave Address Mask

SLVM[6:0]

GC bit Slave Addresses Recognized by 
Hardware

0x34 0x7F 0 0x34
0x34 0x7F 1 0x34, 0x00 (General Call)
0x34 0x7E 0 0x34, 0x35
0x34 0x7E 1 0x34, 0x35, 0x00 (General Call)
0x70 0x73 0 0x70, 0x74, 0x78, 0x7C

SFR Definition 21.3. SMB0ADR: SMBus Slave Address

Bit 7 6 5 4 3 2 1 0

Name SLV[6:0] GC

Type R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:1 SLV[6:0] SMBus Hardware Slave Address.

Defines the SMBus Slave Address(es) for automatic hardware acknowledgement. 
Only address bits which have a 1 in the corresponding bit position in SLVM[6:0] 
are checked against the incoming address. This allows multiple addresses to be 
recognized.

0 GC General Call Address Enable.

When hardware address recognition is enabled (EHACK = 1), this bit will deter-
mine whether the General Call Address (0x00) is also recognized by hardware.
0: General Call Address is ignored.
1: General Call Address is recognized.
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SFR Address = 0xE7 

SFR Definition 21.4. SMB0ADM: SMBus Slave Address Mask

Bit 7 6 5 4 3 2 1 0

Name SLVM[6:0] EHACK

Type R/W R/W

Reset 1 1 1 1 1 1 1 0

Bit Name Function

7:1 SLVM[6:0] SMBus Slave Address Mask.

Defines which bits of register SMB0ADR are compared with an incoming address 
byte, and which bits are ignored. Any bit set to 1 in SLVM[6:0] enables compari-
sons with the corresponding bit in SLV[6:0]. Bits set to 0 are ignored (can be either 
0 or 1 in the incoming address).

0 EHACK Hardware Acknowledge Enable.

Enables hardware acknowledgement of slave address and received data bytes.
0: Firmware must manually acknowledge all incoming address and data bytes.
1: Automatic Slave Address Recognition and Hardware Acknowledge is Enabled.
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21.4.4. Data Register

The SMBus Data register SMB0DAT holds a byte of serial data to be transmitted or one that has just been 
received. Software may safely read or write to the data register when the SI flag is set. Software should not 
attempt to access the SMB0DAT register when the SMBus is enabled and the SI flag is cleared to logic 0, 
as the interface may be in the process of shifting a byte of data into or out of the register. 

Data in SMB0DAT is always shifted out MSB first. After a byte has been received, the first bit of received 
data is located at the MSB of SMB0DAT. While data is being shifted out, data on the bus is simultaneously 
being shifted in. SMB0DAT always contains the last data byte present on the bus. In the event of lost arbi-
tration, the transition from master transmitter to slave receiver is made with the correct data or address in 
SMB0DAT.

SFR Address = 0xC2 

SFR Definition 21.5. SMB0DAT: SMBus Data

Bit 7 6 5 4 3 2 1 0

Name SMB0DAT[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 SMB0DAT[7:0] SMBus Data.

The SMB0DAT register contains a byte of data to be transmitted on the SMBus 
serial interface or a byte that has just been received on the SMBus serial interface. 
The CPU can read from or write to this register whenever the SI serial interrupt flag 
(SMB0CN.0) is set to logic 1. The serial data in the register remains stable as long 
as the SI flag is set. When the SI flag is not set, the system may be in the process 
of shifting data in/out and the CPU should not attempt to access this register.
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21.5.4. Read Sequence (Slave)

During a read sequence, an SMBus master reads data from a slave device. The slave in this transfer will 
be a receiver during the address byte, and a transmitter during all data bytes. When slave events are 
enabled (INH = 0), the interface enters Slave Receiver Mode (to receive the slave address) when a START 
followed by a slave address and direction bit (READ in this case) is received. If hardware ACK generation 
is disabled, upon entering Slave Receiver Mode, an interrupt is generated and the ACKRQ bit is set. The 
software must respond to the received slave address with an ACK, or ignore the received slave address 
with a NACK. If hardware ACK generation is enabled, the hardware will apply the ACK for a slave address 
which matches the criteria set up by SMB0ADR and SMB0ADM. The interrupt will occur after the ACK 
cycle.

If the received slave address is ignored (by software or hardware), slave interrupts will be inhibited until the 
next START is detected. If the received slave address is acknowledged, zero or more data bytes are trans-
mitted. If the received slave address is acknowledged, data should be written to SMB0DAT to be transmit-
ted. The interface enters slave transmitter mode, and transmits one or more bytes of data. After each byte 
is transmitted, the master sends an acknowledge bit; if the acknowledge bit is an ACK, SMB0DAT should 
be written with the next data byte. If the acknowledge bit is a NACK, SMB0DAT should not be written to 
before SI is cleared (an error condition may be generated if SMB0DAT is written following a received 
NACK while in slave transmitter mode). The interface exits slave transmitter mode after receiving a STOP. 
Note that the interface will switch to slave receiver mode if SMB0DAT is not written following a Slave 
Transmitter interrupt. Figure 21.8 shows a typical slave read sequence. Two transmitted data bytes are 
shown, though any number of bytes may be transmitted. Notice that all of the “data byte transferred” inter-
rupts occur after the ACK cycle in this mode, regardless of whether hardware ACK generation is enabled.

Figure 21.8. Typical Slave Read Sequence

21.6.  SMBus Status Decoding
The current SMBus status can be easily decoded using the SMB0CN register. The appropriate actions to 
take in response to an SMBus event depend on whether hardware slave address recognition and ACK 
generation is enabled or disabled. Table 21.5 describes the typical actions when hardware slave address 
recognition and ACK generation is disabled. Table 21.6 describes the typical actions when hardware slave 
address recognition and ACK generation is enabled. In the tables, STATUS VECTOR refers to the four 
upper bits of SMB0CN: MASTER, TXMODE, STA, and STO. The shown response options are only the typ-
ical responses; application-specific procedures are allowed as long as they conform to the SMBus specifi-
cation. Highlighted responses are allowed by hardware but do not conform to the SMBus specification.

PRSLAS Data ByteData Byte A NA

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

Received by SMBus 
Interface

Transmitted by 
SMBus Interface

Interrupts with Hardware ACK Disabled (EHACK = 0)

Interrupts with Hardware ACK Enabled (EHACK = 1)
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23.2.  SPI0 Master Mode Operation
A SPI master device initiates all data transfers on a SPI bus. SPI0 is placed in master mode by setting the 
Master Enable flag (MSTEN, SPI0CN.6). Writing a byte of data to the SPI0 data register (SPI0DAT) when 
in master mode writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer 
is moved to the shift register, and a data transfer begins. The SPI0 master immediately shifts out the data 
serially on the MOSI line while providing the serial clock on SCK. The SPIF (SPI0CN.7) flag is set to logic 
1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag 
is set. While the SPI0 master transfers data to a slave on the MOSI line, the addressed SPI slave device 
simultaneously transfers the contents of its shift register to the SPI master on the MISO line in a full-duplex 
operation. Therefore, the SPIF flag serves as both a transmit-complete and receive-data-ready flag. The 
data byte received from the slave is transferred MSB-first into the master's shift register. When a byte is 
fully shifted into the register, it is moved to the receive buffer where it can be read by the processor by 
reading SPI0DAT. 

When configured as a master, SPI0 can operate in one of three different modes: multi-master mode, 3-wire 
single-master mode, and 4-wire single-master mode. The default, multi-master mode is active when NSS-
MD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.2) = 1. In this mode, NSS is an input to the device, and is 
used to disable the master SPI0 when another master is accessing the bus. When NSS is pulled low in this 
mode, MSTEN (SPI0CN.6) and SPIEN (SPI0CN.0) are set to 0 to disable the SPI master device, and a 
Mode Fault is generated (MODF, SPI0CN.5 = 1). Mode Fault will generate an interrupt if enabled. SPI0 
must be manually re-enabled in software under these circumstances. In multi-master systems, devices will 
typically default to being slave devices while they are not acting as the system master device. In multi-mas-
ter mode, slave devices can be addressed individually (if needed) using general-purpose I/O pins. 
Figure 23.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.2) = 0. In this 
mode, NSS is not used, and is not mapped to an external port pin through the crossbar. Any slave devices 
that must be addressed in this mode should be selected using general-purpose I/O pins. Figure 23.3 
shows a connection diagram between a master device in 3-wire master mode and a slave device.

4-wire single-master mode is active when NSSMD1 (SPI0CN.3) = 1. In this mode, NSS is configured as an 
output pin, and can be used as a slave-select signal for a single SPI device. In this mode, the output value 
of NSS is controlled (in software) with the bit NSSMD0 (SPI0CN.2). Additional slave devices can be 
addressed using general-purpose I/O pins. Figure 23.4 shows a connection diagram for a master device in 
4-wire master mode and two slave devices.

Figure 23.2. Multiple-Master Mode Connection Diagram

Master
Device 2

Master
Device 1 

MOSI

MISO

SCK

MISO

MOSI

SCK

NSS

GPIO NSS

GPIO
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Figure 23.3. 3-Wire Single Master and 3-Wire Single Slave Mode Connection 
Diagram

Figure 23.4. 4-Wire Single Master Mode and 4-Wire Slave Mode Connection 
Diagram

23.3.  SPI0 Slave Mode Operation
When SPI0 is enabled and not configured as a master, it will operate as a SPI slave. As a slave, bytes are 
shifted in through the MOSI pin and out through the MISO pin by a master device controlling the SCK sig-
nal. A bit counter in the SPI0 logic counts SCK edges. When 8 bits have been shifted through the shift reg-
ister, the SPIF flag is set to logic 1, and the byte is copied into the receive buffer. Data is read from the 
receive buffer by reading SPI0DAT. A slave device cannot initiate transfers. Data to be transferred to the 
master device is pre-loaded into the shift register by writing to SPI0DAT. Writes to SPI0DAT are double-
buffered, and are placed in the transmit buffer first. If the shift register is empty, the contents of the transmit 
buffer will immediately be transferred into the shift register. When the shift register already contains data, 
the SPI will load the shift register with the transmit buffer’s contents after the last SCK edge of the next (or 
current) SPI transfer.

When configured as a slave, SPI0 can be configured for 4-wire or 3-wire operation. The default, 4-wire 
slave mode, is active when NSSMD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.2) = 1. In 4-wire mode, the 
NSS signal is routed to a port pin and configured as a digital input. SPI0 is enabled when NSS is logic 0, 
and disabled when NSS is logic 1. The bit counter is reset on a falling edge of NSS. Note that the NSS sig-
nal must be driven low at least 2 system clocks before the first active edge of SCK for each byte transfer. 
Figure 23.4 shows a connection diagram between two slave devices in 4-wire slave mode and a master 
device.
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24.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 24.8. TMR3RLL holds the reload value for TMR3L; TMR3RLH 
holds the reload value for TMR3H. The TR3 bit in TMR3CN handles the run control for TMR3H. TMR3L is 
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, the external oscillator clock 
source divided by 8, or the internal Low-frequency Oscillator. The Timer 3 Clock Select bits (T3MH and 
T3ML in CKCON) select either SYSCLK or the clock defined by the Timer 3 External Clock Select bits 
(T3XCLK[1:0] in TMR3CN), as follows:

The TF3H bit is set when TMR3H overflows from 0xFF to 0x00; the TF3L bit is set when TMR3L overflows 
from 0xFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each 
time either TMR3L or TMR3H overflows. When TF3LEN is enabled, software must check the TF3H and 
TF3L flags to determine the source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not 
cleared by hardware and must be manually cleared by software.

Figure 24.8. Timer 3 8-Bit Mode Block Diagram
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Source

T3ML T3XCLK[1:0] TMR3L Clock 
Source
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