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What is "Embedded - Microcontrollers"?

"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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8051F340-GQ 48 64k 4352       2 4  40     2 TQFP48

8051F341-GQ 48 32k 2304       2 4  40     2 TQFP48

8051F342-GQ 48 64k 4352       1 4  25 —    2 LQFP32

8051F342-GM 48 64k 4352       1 4  25 —    2 QFN32

8051F343-GQ 48 32k 2304       1 4  25 —    2 LQFP32

8051F343-GM 48 32k 2304       1 4  25 —    2 QFN32

8051F344-GQ 25 64k 4352       2 4  40     2 TQFP48

8051F345-GQ 25 32k 2304       2 4  40     2 TQFP48

8051F346-GQ 25 64k 4352  —     1 4  25 —    2 LQFP32

8051F346-GM 25 64k 4352  —     1 4  25 —    2 QFN32

8051F347-GQ 25 32k 2304  —     1 4  25 —    2 LQFP32

8051F347-GM 25 32k 2304  —     1 4  25 —    2 QFN32

8051F348-GQ 25 32k 2304       2 4  40  — — — 2 TQFP48

8051F349-GQ 25 32k 2304       1 4  25 — — — — 2 LQFP32

8051F349-GM 25 32k 2304       1 4  25 — — — — 2 QFN32

8051F34A-GQ 48 64k 4352       2 4  25 —    2 LQFP32

8051F34A-GM 48 64k 4352       2 4  25 —    2 QFN32

8051F34B-GQ 48 32k 2304       2 4  25 —    2 LQFP32

8051F34B-GM 48 32k 2304       2 4  25 —    2 QFN32

8051F34C-GQ 48 64k 4352       2 4  40  — — — 2 TQFP48

8051F34D-GQ 48 64k 4352       1 4  25 — — — — 2 LQFP32
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4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D  

Name
Pin Numbers

Type Description
48-pin 32-pin

VDD 10 6 Power In

Power 
Out

2.7–3.6 V Power Supply Voltage Input.

3.3 V Voltage Regulator Output. See Section 8.

GND 7 3 Ground.

RST/

C2CK

13 9 D I/O

D I/O

Device Reset. Open-drain output of internal POR or VDD 
monitor. An external source can initiate a system reset by 
driving this pin low for at least 15 µs. See Section 11.

Clock signal for the C2 Debug Interface.

C2D 14 — D I/O Bi-directional data signal for the C2 Debug Interface.

P3.0 / 

C2D

— 10 D I/O

D I/O

Port 3.0. See Section 15 for a complete description of Port 
3.

Bi-directional data signal for the C2 Debug Interface.

REGIN 11 7 Power In 5 V Regulator Input. This pin is the input to the on-chip volt-
age regulator. 

VBUS 12 8 D In VBUS Sense Input. This pin should be connected to the 
VBUS signal of a USB network. A 5 V signal on this pin indi-
cates a USB network connection.

D+ 8 4 D I/O USB D+.

D- 9 5 D I/O USB D–.

P0.0 6 2 D I/O or
A In

Port 0.0. See Section 15 for a complete description of Port 
0.

P0.1 5 1 D I/O or
A In

Port 0.1.

P0.2 4 32 D I/O or
A In

Port 0.2.

P0.3 3 31 D I/O or
A In

Port 0.3.

P0.4 2 30 D I/O or
A In

Port 0.4.

P0.5 1 29 D I/O or
A In

Port 0.5.

P0.6 48 28 D I/O or
A In

Port 0.6.

P0.7 47 27 D I/O or
A In

Port 0.7.
28 Rev. 1.3
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9. 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 
four 16-bit counter/timers (see description in Section 21), an enhanced full-duplex UART (see description 
in Section 18), an Enhanced SPI (see description in Section 20), 256 bytes of internal RAM, 128 byte 
Special Function Register (SFR) address space (Section 9.2.6), and 25 Port I/O (see description in Sec-
tion 15). The CIP-51 also includes on-chip debug hardware (see description in Section 23), and interfaces 
directly with the analog and digital subsystems 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 9.1 for a block diagram). 
The CIP-51 includes the following features:

Figure 9.1. CIP-51 Block Diagram

- Fully Compatible with MCS-51 Instruction 
Set

- 0 to 48 MHz Clock Frequency
- 256 Bytes of Internal RAM 
- 25 Port I/O

- Extended Interrupt Handler 
- Reset Input
- Power Management Modes
- On-chip Debug Logic
- Program and Data Memory Security
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @Ri Exclusive-OR indirect RAM to A 1 2
XRL A, #data Exclusive-OR immediate to A 2 2
XRL direct, A Exclusive-OR A to direct byte 2 2
XRL direct, #data Exclusive-OR immediate to direct byte 3 3
CLR A Clear A 1 1
CPL A Complement A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through Carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through Carry 1 1
SWAP A Swap nibbles of A 1 1

Data Transfer
MOV A, Rn Move Register to A 1 1
MOV A, direct Move direct byte to A 2 2
MOV A, @Ri Move indirect RAM to A 1 2
MOV A, #data Move immediate to A 2 2
MOV Rn, A Move A to Register 1 1
MOV Rn, direct Move direct byte to Register 2 2
MOV Rn, #data Move immediate to Register 2 2
MOV direct, A Move A to direct byte 2 2
MOV direct, Rn Move Register to direct byte 2 2
MOV direct, direct Move direct byte to direct byte 3 3
MOV direct, @Ri Move indirect RAM to direct byte 2 2
MOV direct, #data Move immediate to direct byte 3 3
MOV @Ri, A Move A to indirect RAM 1 2
MOV @Ri, direct Move direct byte to indirect RAM 2 2
MOV @Ri, #data Move immediate to indirect RAM 2 2
MOV DPTR, #data16 Load DPTR with 16-bit constant 3 3
MOVC A, @A+DPTR Move code byte relative DPTR to A 1 3
MOVC A, @A+PC Move code byte relative PC to A 1 3
MOVX A, @Ri Move external data (8-bit address) to A 1 3
MOVX @Ri, A Move A to external data (8-bit address) 1 3
MOVX A, @DPTR Move external data (16-bit address) to A 1 3
MOVX @DPTR, A Move A to external data (16-bit address) 1 3
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A, Rn Exchange Register with A 1 1
XCH A, direct Exchange direct byte with A 2 2
XCH A, @Ri Exchange indirect RAM with A 1 2
XCHD A, @Ri Exchange low nibble of indirect RAM with A 1 2

Table 9.1. CIP-51 Instruction Set Summary  (Continued)

Mnemonic Description Bytes
Clock 
Cycles
76 Rev. 1.3
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SFR Definition 9.7. IE: Interrupt Enable

Bit7: EA: Enable All Interrupts.
This bit globally enables/disables all interrupts. It overrides the individual interrupt mask set-
tings.
0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

Bit6: ESPI0: Enable Serial Peripheral Interface (SPI0) Interrupt.
This bit sets the masking of the SPI0 interrupts.
0: Disable all SPI0 interrupts.
1: Enable interrupt requests generated by SPI0.

Bit5: ET2: Enable Timer 2 Interrupt.
This bit sets the masking of the Timer 2 interrupt.
0: Disable Timer 2 interrupt.
1: Enable interrupt requests generated by the TF2L or TF2H flags.

Bit4: ES0: Enable UART0 Interrupt.
This bit sets the masking of the UART0 interrupt.
0: Disable UART0 interrupt.
1: Enable UART0 interrupt.

Bit3: ET1: Enable Timer 1 Interrupt. 
This bit sets the masking of the Timer 1 interrupt.    
0: Disable all Timer 1 interrupt.
1: Enable interrupt requests generated by the TF1 flag.

Bit2: EX1: Enable External Interrupt 1. 
This bit sets the masking of External Interrupt 1.    
0: Disable external interrupt 1.
1: Enable interrupt requests generated by the INT1 input.

Bit1: ET0: Enable Timer 0 Interrupt. 
This bit sets the masking of the Timer 0 interrupt.    
0: Disable all Timer 0 interrupt.
1: Enable interrupt requests generated by the TF0 flag.

Bit0: EX0: Enable External Interrupt 0. 
This bit sets the masking of External Interrupt 0.    
0: Disable external interrupt 0.
1: Enable interrupt requests generated by the INT0 input.

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

EA ESPI0 ET2 ES0 ET1 EX1 ET0 EX0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xA8
Rev. 1.3 91
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SFR Definition 11.2. RSTSRC: Reset Source

Bit7: USBRSF: USB Reset Flag
0: Read: Last reset was not a USB reset; Write: USB resets disabled.
1: Read: Last reset was a USB reset; Write: USB resets enabled.

Bit6: FERROR: Flash Error Indicator.
0: Source of last reset was not a Flash read/write/erase error.
1: Source of last reset was a Flash read/write/erase error.

Bit5: C0RSEF: Comparator0 Reset Enable and Flag.
0: Read: Source of last reset was not Comparator0; Write: Comparator0 is not a reset 
source.
1: Read: Source of last reset was Comparator0; Write: Comparator0 is a reset source 
(active-low).

Bit4: SWRSF: Software Reset Force and Flag.
0: Read: Source of last reset was not a write to the SWRSF bit; Write: No Effect.
1: Read: Source of last was a write to the SWRSF bit; Write: Forces a system reset. 

Bit3: WDTRSF: Watchdog Timer Reset Flag.
0: Source of last reset was not a WDT timeout.
1: Source of last reset was a WDT timeout.

Bit2: MCDRSF: Missing Clock Detector Flag.
0: Read: Source of last reset was not a Missing Clock Detector timeout; Write: Missing 
Clock Detector disabled.
1: Read: Source of last reset was a Missing Clock Detector timeout; Write: Missing Clock 
Detector enabled; triggers a reset if a missing clock condition is detected.

Bit1: PORSF: Power-On / VDD Monitor Reset Flag.
This bit is set anytime a power-on reset occurs. Writing this bit selects/deselects the VDD 
monitor as a reset source. Note: writing ‘1’ to this bit before the VDD monitor is enabled 
and stabilized can cause a system reset. See register VDM0CN (SFR Definition 11.1).
0: Read: Last reset was not a power-on or VDD monitor reset; Write: VDD monitor is not a 
reset source.
1: Read: Last reset was a power-on or VDD monitor reset; all other reset flags indeterminate; 
Write: VDD monitor is a reset source.

Bit0: PINRSF: HW Pin Reset Flag.
0: Source of last reset was not RST pin.
1: Source of last reset was RST pin.

Note: For bits that act as both reset source enables (on a write) and reset indicator flags (on a 
read), read-modify-write instructions read and modify the source enable only. This applies to 
bits: USBRSF, C0RSEF, SWRSF, MCDRSF, PORSF.

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

USBRSF FERROR C0RSEF SWRSF WDTRSF MCDRSF PORSF PINRSF Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

 0xEF
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15.2. 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 Port Input Mode 
register (PnMDIN).

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

Step 3.  Select any pins to be skipped by the I/O Crossbar using the Port Skip registers (PnSKIP).
Step 4.  Assign Port pins to desired peripherals (XBR0, XBR1).
Step 5.  Enable the Crossbar (XBARE = ‘1’).

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 are 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. To configure a Port pin for digital input, write ‘0’ to the corresponding bit in 
register PnMDOUT, and write ‘1’ to the corresponding Port latch (register Pn).

Additionally, all analog input pins should be configured to be skipped by the Crossbar (accomplished by 
setting the associated bits in PnSKIP). Port input mode is set in the PnMDIN register, where a ‘1’ indicates 
a digital input, and a ‘0’ indicates an analog input. All pins default to digital inputs on reset.

The output driver characteristics of the I/O pins are defined using the Port Output Mode registers (PnMD-
OUT). 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 
PnMDOUT settings. When the WEAKPUD bit in XBR1 is ‘0’, a weak pull-up is enabled for all Port I/O con-
figured as open-drain. WEAKPUD does not affect the push-pull Port I/O. Furthermore, the weak pull-up is 
turned off on an output that is driving a ‘0’ to avoid unnecessary power dissipation.

Registers XBR0 and XBR1 must be loaded with the appropriate values to select the digital I/O functions 
required by the design. Setting the XBARE bit in XBR1 to ‘1’ enables the Crossbar. Until the Crossbar is 
enabled, the external pins remain as standard Port I/O (in input mode), 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.

Important Note: The Crossbar must be enabled to use Ports P0, P1, P2, and P3 as standard Port I/O in 
output mode. These Port output drivers are disabled while the Crossbar is disabled. Port 4 always func-
tions as standard GPIO.
147 Rev. 1.3
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SFR Definition 15.2. XBR1: Port I/O Crossbar Register 1

SFR Definition 15.3. XBR2: Port I/O Crossbar Register 2

Bit7: WEAKPUD: Port I/O Weak Pull-up Disable.
0: Weak Pull-ups enabled (except for Ports whose I/O are configured as analog input or 
push-pull output).
1: Weak Pull-ups disabled.

Bit6: XBARE: Crossbar Enable.
0: Crossbar disabled; all Port drivers disabled.
1: Crossbar enabled.

Bit5: T1E: T1 Enable
0: T1 unavailable at Port pin.
1: T1 routed to Port pin.

Bit4: T0E: T0 Enable
0: T0 unavailable at Port pin.
1: T0 routed to Port pin.

Bit3: ECIE: PCA0 External Counter Input Enable
0: ECI unavailable at Port pin.
1: ECI routed to Port pin.

Bits2–0: PCA0ME: PCA Module I/O Enable Bits.
000: All PCA I/O unavailable at Port pins.
001: CEX0 routed to Port pin.
010: CEX0, CEX1 routed to Port pins.
011: CEX0, CEX1, CEX2 routed to Port pins.
100: CEX0, CEX1, CEX2, CEX3 routed to Port pins.
101: CEX0, CEX1, CEX2, CEX3, CEX4 routed to Port pins.
110: Reserved.
111: Reserved.

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

WEAKPUD XBARE T1E T0E ECIE PCA0ME 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xE2

Bits7–1: RESERVED: Always write to 0000000b
Bit0: URT1E: UART1 I/O Output Enable (C8051F340/1/4/5/8/A/B Only)

0: UART1 I/O unavailable at Port pins.
1: UART1 TX1, RX1 routed to Port pins.

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

URT1E 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xE3
149 Rev. 1.3



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
SFR Definition 15.21. P4MDIN: Port4 Input Mode

SFR Definition 15.22. P4MDOUT: Port4 Output Mode

Bits7–0: Analog Input Configuration Bits for P4.7–P4.0 (respectively).
Port pins configured as analog inputs have their weak pull-up, digital driver, and digital 
receiver disabled. 
0: Corresponding P4.n pin is configured as an analog input.
1: Corresponding P4.n pin is not configured as an analog input.

Note: P4 is only available on 48-pin devices.

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:

0xF5

Bits7–0: Output Configuration Bits for P4.7–P4.0 (respectively); ignored if corresponding bit in regis-
ter P4MDIN is logic 0.
0: Corresponding P4.n Output is open-drain.
1: Corresponding P4.n Output is push-pull.

Note: P4 is only available on 48-pin devices.

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:

0xAE
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USB Register Definition 16.11. IN1INT: USB0 IN Endpoint Interrupt 

USB Register Definition 16.12. OUT1INT: USB0 Out Endpoint Interrupt

Bits7–4: Unused. Read = 0000b. Write = don’t care.
Bit3: IN3: IN Endpoint 3 Interrupt-pending Flag

This bit is cleared when software reads the IN1INT register.
0: IN Endpoint 3 interrupt inactive.
1: IN Endpoint 3 interrupt active.

Bit2: IN2: IN Endpoint 2 Interrupt-pending Flag
This bit is cleared when software reads the IN1INT register.
0: IN Endpoint 2 interrupt inactive.
1: IN Endpoint 2 interrupt active.

Bit1: IN1: IN Endpoint 1 Interrupt-pending Flag
This bit is cleared when software reads the IN1INT register.
0: IN Endpoint 1 interrupt inactive.
1: IN Endpoint 1 interrupt active.

Bit0: EP0: Endpoint 0 Interrupt-pending Flag
This bit is cleared when software reads the IN1INT register.
0: Endpoint 0 interrupt inactive.
1: Endpoint 0 interrupt active.

R R R R R R R R Reset Value

- - - - IN3 IN2 IN1 EP0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 USB Address:

0x02

Bits7–4: Unused. Read = 0000b. Write = don’t care.
Bit3: OUT3: OUT Endpoint 3 Interrupt-pending Flag

This bit is cleared when software reads the OUT1INT register.
0: OUT Endpoint 3 interrupt inactive.
1: OUT Endpoint 3 interrupt active.

Bit2: OUT2: OUT Endpoint 2 Interrupt-pending Flag
This bit is cleared when software reads the OUT1INT register.
0: OUT Endpoint 2 interrupt inactive.
1: OUT Endpoint 2 interrupt active.

Bit1: OUT1: OUT Endpoint 1 Interrupt-pending Flag
This bit is cleared when software reads the OUT1INT register.
0: OUT Endpoint 1 interrupt inactive.
1: OUT Endpoint 1 interrupt active.

Bit0: Unused. Read = 0; Write = don’t care.

R R R R R R R R Reset Value

- - - - OUT3 OUT2 OUT1 - 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 USB Address:

0x04
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16.10.3.Endpoint0 OUT Transactions

When a SETUP request is received that requires the host to transmit data to USB0, one or more OUT 
requests will be sent by the host. When an OUT packet is successfully received by USB0, hardware will set 
the OPRDY bit (E0CSR.0) to ‘1’ and generate an Endpoint0 interrupt. Following this interrupt, firmware 
should unload the OUT packet from the Endpoint0 FIFO and set the SOPRDY bit (E0CSR.6) to ‘1’. 

If the amount of data required for the transfer exceeds the maximum packet size for Endpoint0, the data 
will be split into multiple packets. If the requested data is an integer multiple of the maximum packet size 
for Endpoint0 (as reported to the host), the host will send a zero-length data packet signaling the end of the 
transfer. 

Upon reception of the first OUT token for a particular control transfer, Endpoint0 is said to be in Receive 
Mode. In this mode, only OUT tokens should be sent by the host to Endpoint0. The SUEND bit (E0CSR.4) 
is set to ‘1’ if a SETUP or IN token is received while Endpoint0 is in Receive Mode.

Endpoint0 will remain in Receive mode until:

1. The SIE receives a SETUP or IN token.
2. The host sends a packet less than the maximum Endpoint0 packet size.
3. The host sends a zero-length packet.

Firmware should set the DATAEND bit (E0CSR.3) to ‘1’ when the expected amount of data has been 
received. The SIE will transmit a STALL condition if the host sends an OUT packet after the DATAEND bit 
has been set by firmware. An interrupt will be generated with the STSTL bit (E0CSR.2) set to ‘1’ after the 
STALL is transmitted.
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Table 17.3. 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.

• 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 gener-
ate 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 (ACKNOWL-
EDGE).

• 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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Table 17.4. SMBus Status Decoding  

M
o

d
e

Values Read

Current SMbus State Typical Response Options

Values 
Written

S
ta

tu
s 

V
ec

to
r

A
C

K
R

Q

A
R

B
L

O
S

T

A
C

K

S
TA

S
To

A
C

K

M
as

te
r 

T
ra

ns
m

itt
er

1110 0 0 X A master START was generated.
Load slave address + R/W 
into SMB0DAT.

0 0 X

1100

0 0 0
A master data or address byte 
was transmitted; NACK received.

Set STA to restart transfer. 1 0 X

Abort transfer. 0 1 X

0 0 1
A master data or address byte 
was transmitted; ACK received.

Load next data byte into 
SMB0DAT.

0 0 X

End transfer with STOP. 0 1 X

End transfer with STOP and 
start another transfer.

1 1 X

Send repeated START. 1 0 X

Switch to Master Receiver 
Mode (clear SI without writ-
ing new data to SMB0DAT).

0 0 X

M
as

te
r 

R
ec

ei
ve

r

1000 1 0 X
A master data byte was received; 
ACK requested.

Acknowledge received byte; 
Read SMB0DAT.

0 0 1

Send NACK to indicate last 
byte, and send STOP.

0 1 0

Send NACK to indicate last 
byte, and send STOP fol-
lowed by START.

1 1 0

Send ACK followed by 
repeated START.

1 0 1

Send NACK to indicate last 
byte, and send repeated 
START.

1 0 0

Send ACK and switch to 
Master Transmitter Mode 
(write to SMB0DAT before 
clearing SI).

0 0 1

Send NACK and switch to 
Master Transmitter Mode 
(write to SMB0DAT before 
clearing SI).

0 0 0
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S
la

ve
 T

ra
n

sm
itt

e
r

0100

0 0 0
A slave byte was transmitted; 
NACK received.

No action required (expect-
ing STOP condition).

0 0 X

0 0 1
A slave byte was transmitted; 
ACK received.

Load SMB0DAT with next 
data byte to transmit.

0 0 X

0 1 X
A Slave byte was transmitted; 
error detected.

No action required (expect-
ing Master to end transfer).

0 0 X

0101 0 X X
An illegal STOP or bus error was 
detected while a Slave Transmis-
sion was in progress.

Clear STO. 0 0 X

S
la

ve
 R

e
ce

iv
e

r

0010

1 0 X
A slave address was received; 
ACK requested.

Acknowledge received 
address.

0 0 1

Do not acknowledge 
received address.

0 0 0

1 1 X
Lost arbitration as master; slave 
address received; ACK 
requested.

Acknowledge received 
address.

0 0 1

Do not acknowledge 
received address.

0 0 0

Reschedule failed transfer; 
do not acknowledge received 
address.

1 0 0

0010 0 1 X
Lost arbitration while attempting a 
repeated START.

Abort failed transfer. 0 0 X

Reschedule failed transfer. 1 0 X

0001

1 1 X
Lost arbitration while attempting a 
STOP.

No action required (transfer 
complete/aborted).

0 0 0

0 0 X
A STOP was detected while 
addressed as a Slave Transmitter 
or Slave Receiver.

Clear STO. 0 0 X

0 1 X
Lost arbitration due to a detected 
STOP. 

Abort transfer. 0 0 X

Reschedule failed transfer. 1 0 X

0000

1 0 X
A slave byte was received; ACK 
requested.

Acknowledge received byte; 
Read SMB0DAT.

0 0 1

Do not acknowledge 
received byte.

0 0 0

1 1 X
Lost arbitration while transmitting 
a data byte as master.

Abort failed transfer. 0 0 0

Reschedule failed transfer. 1 0 0

Table 17.4. SMBus Status Decoding  (Continued)
M

o
d

e

Values Read

Current SMbus State Typical Response Options

Values 
Written
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C
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C
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21.2.3. Timer 2 Capture Modes: USB Start-of-Frame or LFO Falling Edge

When T2CE = ‘1’, Timer 2 will operate in one of two special capture modes. The capture event can be 
selected between a USB Start-of-Frame (SOF) capture, and a Low-Frequency Oscillator (LFO) Falling 
Edge capture, using the T2CSS bit. The USB SOF capture mode can be used to calibrate the system clock 
or external oscillator against the known USB host SOF clock. The LFO falling-edge capture mode can be 
used to calibrate the internal Low-Frequency Oscillator against the internal High-Frequency Oscillator or 
an external clock source. When T2SPLIT = ‘0’, Timer 2 counts up and overflows from 0xFFFF to 0x0000. 
Each time a capture event is received, the contents of the Timer 2 registers (TMR2H:TMR2L) are latched 
into the Timer 2 Reload registers (TMR2RLH:TMR2RLL). A Timer 2 interrupt is generated if enabled.

Figure 21.6. Timer 2 Capture Mode (T2SPLIT = ‘0’)
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When T2SPLIT = ‘1’, the Timer 2 registers (TMR2H and TMR2L) act as two 8-bit counters. Each counter 
counts up independently and overflows from 0xFF to 0x00. Each time a capture event is received, the con-
tents of the Timer 2 registers are latched into the Timer 2 Reload registers (TMR2RLH and TMR2RLL). A 
Timer 2 interrupt is generated if enabled.

Figure 21.7. Timer 2 Capture Mode (T2SPLIT = ‘1’)
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21.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may 
operate in 16-bit auto-reload mode, (split) 8-bit auto-reload mode, USB Start-of-Frame (SOF) capture 
mode, or Low-Frequency Oscillator (LFO) Rising Edge capture mode. The Timer 3 operation mode is 
defined by the T3SPLIT (TMR3CN.3), T3CE (TMR3CN.4) bits, and T3CSS (TMR3CN.1) bits.

Timer 3 may be clocked by the system clock, the system clock divided by 12, or the external oscillator 
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the 
internal oscillator drives the system clock while Timer 3 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

21.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is ‘0’ and T3CE = ‘0’, Timer 3 operates as a 16-bit timer with auto-reload. 
Timer 3 can be clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided 
by 8. As the 16-bit timer register increments and overflows from 0xFFFF to 0x0000, the 16-bit value in the 
Timer 3 reload registers (TMR3RLH and TM3RLL) is loaded into the Timer 3 register as shown in 
Figure 21.4, and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled, 
an interrupt will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled and 
the TF3LEN bit is set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TMR3L) over-
flow from 0xFF to 0x00.

Figure 21.8. Timer 3 16-Bit Mode Block Diagram
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SFR Definition 22.3. PCA0CPMn: PCA Capture/Compare Mode

PCA0CPMn Address: PCA0CPM0 = 0xDA (n = 0), PCA0CPM1 = 0xDB (n = 1),
PCA0CPM2 = 0xDC (n = 2), PCA0CPM3 = 0xDD (n = 3),
PCA0CPM4 = 0xDE (n = 4)

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 
Frequency 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, 0xDD, 

0xDE
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SFR Definition 22.4. PCA0L: PCA Counter/Timer Low Byte

SFR Definition 22.5. PCA0H: PCA Counter/Timer High Byte

SFR Definition 22.6. PCA0CPLn: PCA Capture Module Low 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

PCA0CPLn Address: PCA0CPL0 = 0xFB (n = 0), PCA0CPL1 = 0xE9 (n = 1),
PCA0CPL2 = 0xEB (n = 2), PCA0CPL3 = 0xED (n = 3),
PCA0CPL4 = 0xFD (n = 4)

Bits7–0: PCA0CPLn: PCA Capture Module Low Byte.
 The PCA0CPLn register holds the low byte (LSB) of the 16-bit capture module n. 

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:

0xFB, 0xE9, 
0xEB, 0xED, 

0xFD 
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