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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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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 1.5. C8051F34A/B Block Diagram

Analog Peripherals

10-bit
 200 ksps 
ADC

A
M
U
X

Temp 
Sensor

2 Comparators

+
-

VREFVDD

CP0

VDD

+
-

CP1
VREF

Debug / Programming 
Hardware

Port 0
Drivers

P0.0

AIN0 - AIN20

Port I/O Configuration

Digital Peripherals

Priority 
Crossbar 
Decoder

Crossbar Control

Power-On 
Reset

Power 
Net

UART0

Timers 0, 1, 
2, 3

PCA/WDT

SMBus

SPI

P0.1
P0.2/XTAL1
P0.3/XTAL2
P0.4
P0.5
P0.6/CNVSTR
P0.7/VREF

Port 1
Drivers

Port 2
Drivers

Port 3
Drivers

P1.0
P1.1
P1.2
P1.3
P1.4
P1.5
P1.6
P1.7

P2.0
P2.1
P2.2
P2.3
P2.4
P2.5
P2.6
P2.7

P3.0/C2D

Supply 
Monitor

System Clock Setup

External 
Oscillator

Internal 
Oscillator

XTAL1
XTAL2

Low Freq. 
Oscillator*

Clock 
Multiplier

Clock 
Recovery

USB Peripheral

Controller

1 kB RAM

Full / Low 
Speed 

Transceiver

SFR 
Bus

Voltage 
Regulator

D+

D-

VBUS

VDD

VREG

GND

C2CK/RST

Reset

CIP-51 8051 
Controller Core

64/32 kB ISP FLASH 
Program Memory

256 Byte RAM

4/2 kB XRAM

C2D

UART1
Rev. 1.3 23



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
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.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
SFR Definition 5.3. ADC0CF: ADC0 Configuration

SFR Definition 5.4. ADC0H: ADC0 Data Word MSB

SFR Definition 5.5. ADC0L: ADC0 Data Word LSB

Bits7–3: AD0SC4–0: ADC0 SAR Conversion Clock Period Bits.
SAR Conversion clock is derived from system clock by the following equation, where 
AD0SC refers to the 5-bit value held in bits AD0SC4-0. SAR Conversion clock requirements 
are given in Table 5.1.

Bit2: AD0LJST: ADC0 Left Justify Select.
0: Data in ADC0H:ADC0L registers are right-justified.
1: Data in ADC0H:ADC0L registers are left-justified.

Bits1–0: UNUSED. Read = 00b; Write = don’t care.

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

AD0SC4 AD0SC3 AD0SC2 AD0SC1 AD0SC0 AD0LJST - - 11111000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xBC

AD0SC
SYSCLK
CLKSAR
---------------------- 1–=

Bits7–0: ADC0 Data Word High-Order Bits.
For AD0LJST = 0: Bits 7–2 are the sign extension of Bit1. Bits 1-0 are the upper 2 bits of the 
10-bit ADC0 Data Word.
For AD0LJST = 1: Bits 7–0 are the most-significant bits of the 10-bit ADC0 Data Word.

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

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

0xBE

Bits7–0: ADC0 Data Word Low-Order Bits.
For AD0LJST = 0: Bits 7–0 are the lower 8 bits of the 10-bit Data Word.
For AD0LJST = 1: Bits 7–6 are the lower 2 bits of the 10-bit Data Word. Bits 5–0 will always 
read ‘0’.

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:

0xBD
50 Rev. 1.3



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
6. Voltage Reference (C8051F340/1/2/3/4/5/6/7/A/B Only)
The Voltage reference MUX on C8051F34x devices is configurable to use an externally connected voltage 
reference, the on-chip reference voltage generator, or the power supply voltage VDD (see Figure 6.1). The 
REFSL bit in the Reference Control register (REF0CN) selects the reference source. For the internal refer-
ence or an external source, REFSL should be set to ‘0’; For VDD as the reference source, REFSL should 
be set to ‘1’. 

The BIASE bit enables the internal ADC bias generator, which is used by the ADC and Internal Oscillator. 
This enable is forced to logic 1 when either of the aforementioned peripherals is enabled. The ADC bias 
generator may be enabled manually by writing a ‘1’ to the BIASE bit in register REF0CN; see SFR Defini-
tion 6.1 for REF0CN register details. The Reference bias generator (see Figure 6.1) is used by the Internal 
Voltage Reference, Temperature Sensor, and Clock Multiplier. The Reference bias is automatically 
enabled when any of the aforementioned peripherals are enabled. The electrical specifications for the volt-
age reference and bias circuits are given in Table 6.1.

Important Note About the VREF Pin: The VREF pin, when not using the on-chip voltage reference or an 
external precision reference, can be configured as a GPIO Port pin. When using an external voltage refer-
ence or the on-chip reference, the VREF pin should be configured as analog pin and skipped by the Digital 
Crossbar. To configure the VREF pin for analog mode, set the corresponding bit in the PnMDIN register to 
‘0’. To configure the Crossbar to skip the VREF pin, set the corresponding bit in register PnSKIP to ‘1’. 
Refer to Section “15. Port Input/Output” on page 142 for complete Port I/O configuration details.

The temperature sensor connects to the ADC0 positive input multiplexer (see Section “5.1. Analog Multi-
plexer” on page 42 for details). The TEMPE bit in register REF0CN enables/disables the temperature 
sensor. While disabled, the temperature sensor defaults to a high impedance state and any ADC0 mea-
surements performed on the sensor result in meaningless data.

Figure 6.1. Voltage Reference Functional Block Diagram
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
 

Table 7.1. Comparator Electrical Characteristics

VDD = 3.0 V, –40 to +85 °C unless otherwise noted. 
All specifications apply to both Comparator0 and Comparator1 unless otherwise noted.

Parameter Conditions Min Typ Max Units

Response Time:
Mode 0, Vcm* = 1.5 V

CP0+ – CP0– = 100 mV 100 ns

CP0+ – CP0– = –100 mV 250 ns

Response Time:
Mode 1, Vcm* = 1.5 V

CP0+ – CP0– = 100 mV 175 ns

CP0+ – CP0– = –100 mV 500 ns

Response Time:
Mode 2, Vcm* = 1.5 V

CP0+ – CP0– = 100 mV 320 ns

CP0+ – CP0– = –100 mV 1100 ns

Response Time:
Mode 3, Vcm* = 1.5 V

CP0+ – CP0– = 100 mV 1050 ns

CP0+ – CP0– = –100 mV 5200 ns

Common-Mode Rejection 
Ratio

1.5 4 mV/V

Positive Hysteresis 1 CP0HYP1–0 = 00 0 1 mV

Positive Hysteresis 2 CP0HYP1–0 = 01 2 5 10 mV

Positive Hysteresis 3 CP0HYP1–0 = 10 7 10 20 mV

Positive Hysteresis 4 CP0HYP1–0 = 11 15 20 30 mV

Negative Hysteresis 1 CP0HYN1–0 = 00 0 1 mV

Negative Hysteresis 2 CP0HYN1–0 = 01 2 5 10 mV

Negative Hysteresis 3 CP0HYN1–0 = 10 7 10 20 mV

Negative Hysteresis 4 CP0HYN1–0 = 11 15 20 30 mV

Inverting or Non-Inverting 
Input Voltage Range

–0.25 VDD + 0.25 V

Input Capacitance 3 pF

Input Bias Current 0.001 nA

Input Offset Voltage –5 +5 mV

Power Supply

Power Supply Rejection 0.1 mV/V

Power-up Time 10 µs

Supply Current at DC

Mode 0 7.6 µA

Mode 1 3.2 µA

Mode 2 1.3 µA

Mode 3 0.4 µA

*Note:  Vcm is the common-mode voltage on CP0+ and CP0–.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
SFR Definition 9.4. PSW: Program Status Word

SFR Definition 9.5. ACC: Accumulator

Bit7: CY: Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow 
(subtraction). It is cleared to logic 0 by all other arithmetic operations.

Bit6: AC: Auxiliary Carry Flag
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a borrow 
from (subtraction) the high order nibble. It is cleared to logic 0 by all other arithmetic operations.

Bit5: F0: User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.

Bits4–3: RS1–RS0: Register Bank Select.
These bits select which register bank is used during register accesses. 

Bit2: OV: Overflow Flag.
This bit is set to 1 under the following circumstances:
• An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
• A MUL instruction results in an overflow (result is greater than 255).
• A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other 
cases.

Bit1: F1: User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.

Bit0: PARITY: Parity Flag.
This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared if the 
sum is even.

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

CY AC F0 RS1 RS0 OV F1 PARITY 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xD0

RS1 RS0 Register Bank Address

0 0 0 0x00 - 0x07

0 1 1 0x08 - 0x0F

1 0 2 0x10 - 0x17

1 1 3 0x18 - 0x1F

Bits7–0: ACC: Accumulator.
This register is the accumulator for arithmetic operations.

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

ACC.7 ACC.6 ACC.5 ACC.4 ACC.3 ACC.2 ACC.1 ACC.0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xE0
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
11.3. External Reset

The external RST pin provides a means for external circuitry to force the device into a reset state. Assert-
ing an active-low signal on the RST pin generates a reset; an external pull-up and/or decoupling of the 
RST pin may be necessary to avoid erroneous noise-induced resets. See Table 11.1 for complete RST pin 
specifications. The PINRSF flag (RSTSRC.0) is set on exit from an external reset.

11.4. Missing Clock Detector Reset

The Missing Clock Detector (MCD) is a one-shot circuit that is triggered by the system clock. If more than 
100 µs pass between rising edges on the system clock, the one-shot will time out and generate a reset. 
After a MCD reset, the MCDRSF flag (RSTSRC.2) will read ‘1’, signifying the MCD as the reset source; 
otherwise, this bit reads ‘0’. Writing a ‘1’ to the MCDRSF bit enables the Missing Clock Detector; writing a 
‘0’ disables it. The state of the RST pin is unaffected by this reset. 

11.5. Comparator0 Reset

Comparator0 can be configured as a reset source by writing a ‘1’ to the C0RSEF flag (RSTSRC.5). Com-
parator0 should be enabled and allowed to settle prior to writing to C0RSEF to prevent any turn-on chatter 
on the output from generating an unwanted reset. The Comparator0 reset is active-low: if the non-inverting 
input voltage (on CP0+) is less than the inverting input voltage (on CP0-), a system reset is generated. 
After a Comparator0 reset, the C0RSEF flag (RSTSRC.5) will read ‘1’ signifying Comparator0 as the reset 
source; otherwise, this bit reads ‘0’. The state of the RST pin is unaffected by this reset.

11.6. PCA Watchdog Timer Reset

The programmable Watchdog Timer (WDT) function of the Programmable Counter Array (PCA) can be 
used to prevent software from running out of control during a system malfunction. The PCA WDT function 
can be enabled or disabled by software as described in Section “22.3. Watchdog Timer Mode” on 
page 264; the WDT is enabled and clocked by SYSCLK / 12 following any reset. If a system malfunction 
prevents user software from updating the WDT, a reset is generated and the WDTRSF bit (RSTSRC.5) is 
set to ‘1’. The state of the RST pin is unaffected by this reset.

11.7. Flash Error Reset

If a Flash read/write/erase or program read targets an illegal address, a system reset is generated. This 
may occur due to any of the following:

• A Flash write or erase is attempted above user code space. This occurs when PSWE is set to “1”, and 
a MOVX write operation is attempted above address 0x7FFF (32 kB Flash devices) or 0xFBFF (64 kB 
Flash devices).

• A Flash read is attempted above user code space. This occurs when a MOVC operation is attempted 
above address 0x7FFF (32 kB Flash devices) or 0xFBFF (64 kB Flash devices).

• A Program read is attempted above user code space. This occurs when user code attempts to branch 
to an address above 0x7FFF (32 kB Flash devices) or 0xFBFF (64 kB Flash devices).

• A Flash read, write or erase attempt is restricted due to a Flash security setting (see Section 
“12.3. Security Options” on page 109).

• A Flash Write or Erase is attempted when the VDD monitor is not enabled.

The FERROR bit (RSTSRC.6) is set following a Flash error reset. The state of the RST pin is unaffected by 
this reset.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
12.2. Non-Volatile Data Storage

The Flash memory can be used for non-volatile data storage as well as program code. This allows data 
such as calibration coefficients to be calculated and stored at run time. Data is written using the MOVX 
write instruction and read using the MOVC instruction. Note: MOVX read instructions always target XRAM.

12.3. Security Options

The CIP-51 provides security options to protect the Flash memory from inadvertent modification by soft-
ware as well as to prevent the viewing of proprietary program code and constants. The Program Store 
Write Enable (bit PSWE in register PSCTL) and the Program Store Erase Enable (bit PSEE in register 
PSCTL) bits protect the Flash memory from accidental modification by software. PSWE must be explicitly 
set to ‘1’ before software can modify the Flash memory; both PSWE and PSEE must be set to ‘1’ before 
software can erase Flash memory. Additional security features prevent proprietary program code and data 
constants from being read or altered across the C2 interface.

A Security Lock Byte located at the last byte of Flash user space offers protection of the Flash program 
memory from access (reads, writes, or erases) by unprotected code or the C2 interface. The Flash security 
mechanism allows the user to lock n 512-byte Flash pages, starting at page 0 (addresses 0x0000 to 
0x01FF), where n is the 1’s complement number represented by the Security Lock Byte. Note that the 
page containing the Flash Security Lock Byte is also locked when any other Flash pages are locked. See 
example below.

Table 12.1. Flash Electrical Characteristics

Parameter Conditions Min Typ Max Units

Flash Size
C8051F340/2/4/6/A/C/D*

C8051F341/3/5/7/8/9/B

65536*

32768

Bytes

Bytes
Endurance 20k 100k Erase/Write
Erase Cycle Time 25 MHz System Clock 10 15 20 ms
Write Cycle Time 25 MHz System Clock 40 55 70 µs

*Note:  1024 bytes at location 0xFC00 to 0xFFFF are reserved.

Security Lock Byte: 11111101b
1’s Complement: 00000010b
Flash pages locked: 3 (2 + Flash Lock Byte Page)

Addresses locked:

First two pages of Flash: 0x0000 to 0x03FF

Flash Lock Byte Page: (0xFA00 to 0xFBFF for 64k devices; 0x7E00 to 
0x7FFF for 32k devices)
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
13.7.2. Multiplexed Mode

13.7.2.1.16-bit MOVX: EMI0CF[4:2] = ‘001’, ‘010’, or ‘011’.

Figure 13.8. Multiplexed 16-bit MOVX Timing
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
13.7.2.3.8-bit MOVX with Bank Select: EMI0CF[4:2] = ‘010’.

Figure 13.10. Multiplexed 8-bit MOVX with Bank Select Timing
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Table 14.1. Oscillator Electrical Characteristics

VDD = 2.7 to 3.6 V; –40 to +85 °C unless otherwise specified

Parameter Conditions Min Typ Max Units

Internal High-Frequency Oscillator (Using Factory-Calibrated Settings)

Oscillator Frequency IFCN = 11b 11.82 12.00 12.18 MHz
Oscillator Supply Current  
(from VDD)

24 ºC, VDD = 3.0 V, 
OSCICN.7 = 1

— 685 — µA

Internal Low-Frequency Oscillator (Using Factory-Calibrated Settings)

Oscillator Frequency OSCLD = 11b 72 80 99 kHz
Oscillator Supply Current  
(from VDD)

24 ºC, VDD = 3.0 V, 
OSCLCN.7 = 1

— 7.0 — µA

External USB Clock Requirements

USB Clock Frequency*
Full Speed Mode

Low Speed Mode

47.88

5.91

48

6

48.12

6.09
MHz

*Note:  Applies only to external oscillator sources.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
SFR Definition 16.3. USB0DAT: USB0 Data

This SFR is used to indirectly read and write USB0 registers. 

Write Procedure:
1.  Poll for BUSY (USB 0ADR.7) => ‘0’.
2.  Load the target USB0 register address into the USBADDR bits in register USB0ADR.
3.  Write data to USB0DAT.
4.  Repeat (Step 2 may be skipped when writing to the same USB0 register).

Read Procedure:
1.  Poll for BUSY (USB 0ADR.7) => ‘0’.
2.  Load the target USB0 register address into the USBADDR bits in register USB0ADR.
3.  Write ‘1’ to the BUSY bit in register USB0ADR (steps 2 and 3 can be performed in the 

same write).
4.  Poll for BUSY (USB 0ADR.7) => ‘0’.
5.  Read data from USB0DAT.
6.  Repeat from Step 2 (Step 2 may be skipped when reading the same USB0 register; Step 3 

may be skipped when the AUTORD bit (USB0ADR.6) is logic 1).

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

USB0DAT 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x97
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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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17.4.3. 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 Definition 17.3. SMB0DAT: SMBus Data

17.5. SMBus Transfer Modes

The SMBus interface may be configured to operate as master and/or slave. At any particular time, it will be 
operating in one of the following four modes: Master Transmitter, Master Receiver, Slave Transmitter, or 
Slave Receiver. The SMBus interface enters Master Mode any time a START is generated, and remains in 
Master Mode until it loses an arbitration or generates a STOP. An SMBus interrupt is generated at the end 
of all SMBus byte frames; however, note that the interrupt is generated before the ACK cycle when operat-
ing as a receiver, and after the ACK cycle when operating as a transmitter.

17.5.1. Master Transmitter Mode

Serial data is transmitted 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 
direction bit. In this case the data direction bit (R/W) will be logic 0 (WRITE). The master then transmits 
one or more bytes of serial data. After each byte is transmitted, an acknowledge bit is generated by the 
slave. The transfer is ended when the STO bit is set and a STOP is generated. Note that the interface will 
switch to Master Receiver Mode if SMB0DAT is not written following a Master Transmitter interrupt. 
Figure 17.5 shows a typical Master Transmitter sequence. Two transmit data bytes are shown, though any 
number of bytes may be transmitted. Notice that the ‘data byte transferred’ interrupts occur after the ACK 
cycle in this mode.

Bits7-0: SMB0DAT: SMBus Data.
The SMB0DAT register contains a byte of data to be transmitted on the SMBus serial inter-
face 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.

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: 0xC2
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18.2.2. 9-Bit UART 

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programma-
ble ninth data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB80 
(SCON0.3), which is assigned by user software. It can be assigned the value of the parity flag (bit P in reg-
ister PSW) for error detection, or used in multiprocessor communications. On receive, the ninth data bit 
goes into RB80 (SCON0.2) and the stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUF0 register. The TI0 Transmit 
Interrupt Flag (SCON0.1) is set at the end of the transmission (the beginning of the stop-bit time). Data 
reception can begin any time after the REN0 Receive Enable bit (SCON0.4) is set to ‘1’. After the stop bit 
is received, the data byte will be loaded into the SBUF0 receive register if the following conditions are met: 
(1) RI0 must be logic 0, and (2) if MCE0 is logic 1, the 9th bit must be logic 1 (when MCE0 is logic 0, the 
state of the ninth data bit is unimportant). If these conditions are met, the eight bits of data are stored in 
SBUF0, the ninth bit is stored in RB80, and the RI0 flag is set to ‘1’. If the above conditions are not met, 
SBUF0 and RB80 will not be loaded and the RI0 flag will not be set to ‘1’. A UART0 interrupt will occur if 
enabled when either TI0 or RI0 is set to ‘1’.

Figure 18.5. 9-Bit UART Timing Diagram

18.3. Multiprocessor Communications

9-Bit UART mode supports multiprocessor communication between a master processor and one or more 
slave processors by special use of the ninth data bit. When a master processor wants to transmit to one or 
more slaves, it first sends an address byte to select the target(s). An address byte differs from a data byte 
in that its ninth bit is logic 1; in a data byte, the ninth bit is always set to logic 0.

Setting the MCE0 bit (SCON0.5) of a slave processor configures its UART such that when a stop bit is 
received, the UART will generate an interrupt only if the ninth bit is logic 1 (RB80 = 1) signifying an address 
byte has been received. In the UART interrupt handler, software will compare the received address with 
the slave's own assigned 8-bit address. If the addresses match, the slave will clear its MCE0 bit to enable 
interrupts on the reception of the following data byte(s). Slaves that weren't addressed leave their MCE0 
bits set and do not generate interrupts on the reception of the following data bytes, thereby ignoring the 
data. Once the entire message is received, the addressed slave resets its MCE0 bit to ignore all transmis-
sions until it receives the next address byte.

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple 
slaves, thereby enabling "broadcast" transmissions to more than one slave simultaneously. The master 
processor can be configured to receive all transmissions or a protocol can be implemented such that the 
master/slave role is temporarily reversed to enable half-duplex transmission between the original master 
and slave(s).

D1D0 D2 D3 D4 D5 D6 D7
START

BIT
MARK

STOP
BIT

BIT TIMES

BIT SAMPLING

SPACE
D8
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19.2. Data Format

UART1 has a number of available options for data formatting. Data transfers begin with a start bit (logic 
low), followed by the data bits (sent LSB-first), a parity or extra bit (if selected), and end with one or two 
stop bits (logic high). The data length is variable between 5 and 8 bits. A parity bit can be appended to the 
data, and automatically generated and detected by hardware for even, odd, mark, or space parity. The stop 
bit length is selectable between short (1 bit time) and long (1.5 or 2 bit times), and a multi-processor com-
munication mode is available for implementing networked UART buses. All of the data formatting options 
can be configured using the SMOD1 register, shown in SFR Definition 19.2. Figure 19.2 shows the timing 
for a UART1 transaction without parity or an extra bit enabled. Figure 19.3 shows the timing for a UART1
transaction with parity enabled (PE1 = 1). Figure 19.4 is an example of a UART1 transaction when the 
extra bit is enabled (XBE1 = 1). Note that the extra bit feature is not available when parity is enabled, and 
the second stop bit is only an option for data lengths of 6, 7, or 8 bits.

Figure 19.2. UART1 Timing Without Parity or Extra Bit

Figure 19.3. UART1 Timing With Parity

Figure 19.4. UART1 Timing With Extra Bit
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D1D0 DN-2 DN-1 EXTRA
START

BIT
MARK

STOP
BIT 1

BIT TIMES

SPACE

N bits; N = 5, 6, 7, or 8

STOP
BIT 2

Optional
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20. Enhanced Serial Peripheral Interface (SPI0)
The Enhanced Serial Peripheral Interface (SPI0) provides access to a flexible, full-duplex synchronous 
serial bus. SPI0 can operate as a master or slave device in both 3-wire or 4-wire modes, and supports mul-
tiple masters and slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input 
to select SPI0 in slave mode, or to disable Master Mode operation in a multi-master environment, avoiding 
contention on the SPI bus when more than one master attempts simultaneous data transfers. NSS can 
also be configured as a chip-select output in master mode, or disabled for 3-wire operation. Additional gen-
eral purpose port I/O pins can be used to select multiple slave devices in master mode.

Figure 20.1. SPI Block Diagram
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21.2. Timer 2

Timer 2 is a 16-bit timer formed by two 8-bit SFRs: TMR2L (low byte) and TMR2H (high byte). Timer 2 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) Falling Edge capture mode. The Timer 2 operation mode is 
defined by the T2SPLIT (TMR2CN.3), T2CE (TMR2CN.4) bits, and T2CSS (TMR2CN.1) bits.

Timer 2 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 2 (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.

21.2.1. 16-bit Timer with Auto-Reload

When T2SPLIT = ‘0’ and T2CE = ‘0’, Timer 2 operates as a 16-bit timer with auto-reload. Timer 2 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 2 
reload registers (TMR2RLH and TMR2RLL) is loaded into the Timer 2 register as shown in Figure 21.4, 
and the Timer 2 High Byte Overflow Flag (TMR2CN.7) is set. If Timer 2 interrupts are enabled, an interrupt 
will be generated on each Timer 2 overflow. Additionally, if Timer 2 interrupts are enabled and the TF2LEN 
bit is set (TMR2CN.5), an interrupt will be generated each time the lower 8 bits (TMR2L) overflow from 
0xFF to 0x00.

Figure 21.4. Timer 2 16-Bit Mode Block Diagram
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21.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is ‘1’ and T3CE = ‘0’, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit 
timers operate in auto-reload mode as shown in Figure 21.5. 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, or the external oscillator clock 
source divided by 8. 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 bit (T3XCLK 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 21.9. Timer 3 8-Bit Mode Block Diagram
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22.2. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: Edge-triggered 
Capture, Software Timer, High Speed Output, Frequency Output, 8-Bit Pulse Width Modulator, or 16-Bit 
Pulse Width Modulator. Each module has Special Function Registers (SFRs) associated with it in the 
CIP-51 system controller. These registers are used to exchange data with a module and configure the 
module's mode of operation. 

Table 22.2 summarizes the bit settings in the PCA0CPMn registers used to select the PCA capture/com-
pare module’s operating modes. Setting the ECCFn bit in a PCA0CPMn register enables the module's 
CCFn interrupt. Note: PCA0 interrupts must be globally enabled before individual CCFn interrupts are rec-
ognized. PCA0 interrupts are globally enabled by setting the EA bit and the EPCA0 bit to logic 1. See 
Figure 22.3 for details on the PCA interrupt configuration.

Figure 22.3. PCA Interrupt Block Diagram

Table 22.2. PCA0CPM Register Settings for PCA Capture/Compare Modules

PWM16 ECOM CAPP CAPN MAT TOG PWM ECCF Operation Mode

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

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

X X 1 1 0 0 0 X Capture triggered by transition on CEXn
X 1 0 0 1 0 0 X Software Timer
X 1 0 0 1 1 0 X High Speed Output
X 1 0 0 X 1 1 X Frequency Output
0 1 0 0 X 0 1 X 8-Bit Pulse Width Modulator
1 1 0 0 X 0 1 X 16-Bit Pulse Width Modulator
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