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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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C8051F2xx
1. System Overview
The C8051F2xx is a family of fully integrated, mixed-signal System on a Chip MCU's available with a true 
12-bit ('F206) multi-channel ADC, 8-bit multi-channel ADC ('F220/1/6 and 'F206), or without an ADC 
('F230/1/6).  Each model features an 8051-compatible microcontroller core with 8 kB of Flash memory. 
There are also UART and SPI serial interfaces implemented in hardware (not "bit-banged" in user soft-
ware).  Products in this family feature 22 or 32 general purpose I/O pins, some of which can be used for 
assigned digital peripheral interface.  Any pins may be configured for use as analog input to the analog-to-
digital converter ('F220/1/6 and 'F206 only).  (See the Product Selection Guide in Table 1.1 for a quick ref-
erence of each MCUs' feature set.)

Other features include an on-board VDD monitor, WDT, and clock oscillator.  On-board Flash memory can 

be reprogrammed in-circuit, and may also be used for non-volatile data storage.  Integrated peripherals 
can also individually shut down any or all of the peripherals to conserve power.  All parts have 256 bytes of 
SRAM.  Also, an additional 1024 bytes of RAM is available in the 'F206/226/236.

On-board JTAG debug support allows non-intrusive (uses no on-chip resources), full speed, in-circuit 
debug using the production MCU installed in the final application.  This debug system supports inspection 
and modification of memory and registers, setting breakpoints, watchpoints, single stepping, run and halt 
commands.  All analog and digital peripherals are fully functional when emulating using JTAG.

Each MCU is specified for 2.7 to 3.6 V operation over the industrial temperature range (–45 to +85 °C) and 
is available in the 48-pin TFQP and 32-pin LFQP.  The Port I/Os are tolerant for input signals up to 5 V.

Table 1.1. Product Selection Guide
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C8051F206 25 8 k 1280   3 32 12 100 32 2 48TQFP

C8051F220 25 8 k 256   3 32 8 100 32 2 48TQFP

C8051F221 25 8 k 256   3 22 8 100 22 2 32LQFP

C8051F226 25 8 k 1280   3 32 8 100 32 2 48TQFP

C8051F230 25 8 k 256   3 32 — — — 2 48TQFP

C8051F231 25 8 k 256   3 22 — — — 2 32LQFP

C8051F236 25 8 k 1280   3 32 — — — 2 48TQFP
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C8051F2xx
Figure 1.8. Degub Environment Diagram

1.4. Digital/Analog Configurable I/O

The standard 8051 Ports (0, 1, 2, and 3) are available on the device.  The ports behave like standard 8051 
ports with a few enhancements.

Each port pin can be configured as either a push-pull or open-drain output.  Any input that is configured as 
an analog input will have its corresponding weak pull-up turned off.

Digital resources (timers, SPI, UART, system clock, and comparators) are routed to corresponding I/O pins 
by configuring the port multiplexer.  Port multiplexers are programmed by setting bits in SFR's (please see 
Section 14).  Any of the 32 external port pins may be configured as either analog inputs or digital I/O (See 
Figure 1.9), so effectively, all port pins are dual function.

TARGET PCB

RS-232

SERIAL
ADAPTER

C8051
F2XX

VDD GND

JTAG (x4), VDD, GND

WINDOWS OS

Silicon Labs Integrated
Development Environment
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C8051F2xx
SFR Definition 5.1. AMX0SL: AMUX Channel Select

Bits 7–6: UNUSED.  Read = 00b; Write = don't care
Bit 5: AMXEN enable

0: AMXEN disabled and port pins are unavailable for analog use.
1: AMXEN enabled to use/select port pins for analog use.

Bits 4–3: PRTSL1–0:  Port Select Bits*.
00: Port0 select to configure pin for analog input from this port.
01: Port1 select to configure pin for analog input from this port.
10: Port2 select to configure pin for analog input from this port.
11: Port3 select to configure pin for analog input from this port.

Bits 2–0:PINSL2–0:  Pin Select Bits
000: Pin 0 of selected port (above) to be used for analog input.
001: Pin 1 of selected port (above) to be used for analog input.
010: Pin 2 of selected port (above) to be used for analog input.
011: Pin 3 of selected port (above) to be used for analog input.
100: Pin 4 of selected port (above) to be used for analog input.
101: Pin 5 of selected port (above) to be used for analog input.
110: Pin 6 of selected port (above) to be used for analog input.
111: Pin 7 of selected port (above) to be used for analog input.

*  Selecting a port for analog input does NOT default all pins of that port as analog input.  After select-
ing a port for analog input, a pin must be selected using pin select bits (PINSL2–0).  For example, 
after setting the AMXEN to ‘1’, setting PRTSL1–0 to “11”, and setting PINSL2–0 to “100” P3.4  is 
configured as analog input.  All other Port 3 pins remain as GPIO pins.  Also note that in order to use 
a port pin as analog input, its input mode should be set to analog.  Please see section 14.2.

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

- - AMXEN PRTSL1 PRTSL0 PINSL2 PINSL1 PINSL0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xBB
34 Rev. 1.6



C8051F2xx
Table 5.1. 8-Bit ADC Electrical Characteristics
VDD = 3.0 V, VREF = 2.40 V, PGA Gain = 1, –40 to +85 ×C unless otherwise specified.

Parameter Conditions Min Typ Max Units

DC Accuracy

Resolution — 8 — bits

Integral Nonlinearity — — ±1/2 LSB

Differential Nonlinearity Guaranteed Monotonic — — ±1/2 LSB

Offset Error ±2 — ±1/2 LSB

Gain Error ±2 — ±1/2 LSB

Offset Temperature Coefficient ±0.25 — ppm/°C
Dynamic Performance (10 kHz sine-wave input, 0 to –1 dB of full scale, 100 ksps)

Signal-to-Noise Plus Distortion 49.5 — — dB

Total Harmonic Distortion Up to the 5th harmonic –60 –65 — dB

Spurious-Free Dynamic Range — –65 — dB

Conversion Rate

Conversion Time in SAR Clocks 16 — — clocks

SAR Clock Frequency — 2.5 MHz

Track/Hold Acquisition Time 1.5 — — µs

Throughput Rate — — 100 ksps

Analog Inputs

Input Voltage Range 0 — VDD V

Input Capacitance — 10 — pF

Power Specifications

Power Supply Current Operating Mode, 100 ksps — 0.45 1.0 mA

Power Supply Current in Shutdown — 0.1 1 µA

Power Supply Rejection — ±0.3 — mV/V
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C8051F2xx
6. ADC (12-Bit, C8051F206 Only)
Description

The ADC subsystem for the C8051F206 consists of configurable analog multiplexer (AMUX), a program-
mable gain amplifier (PGA), and a 100ksps, 12-bit successive-approximation-register ADC with integrated 
track-and-hold and programmable window detector (see Figure 6.1).  The AMUX, PGA, Data Conversion 
Modes, and Window Detector are all configurable under software control via the Special Function Regis-
ter's shown in Figure 6.1.  The ADC subsystem (ADC, track-and-hold and PGA) is enabled only when the 
ADCEN bit in the ADC Control register (ADC0CN, Figure 6.5) is set to 1.  The ADC subsystem is in low 
power shutdown when this bit is 0.

Figure 6.1. 12-Bit ADC Functional Block Diagram

6.1. Analog Multiplexer and PGA

Any external port pin (ports 0-3) may be selected via software.  The AMX0SL SFR is used to select the 
desired analog input pin.  (See SFR Definition 5.1).  When the AMUX is enabled, the user selects which 
port is to be used (bits PRTSL0–1), and then the pin in the selected port (bits PINSL0–2) to be the analog 
input.

The PGA amplifies the AMUX output signal by an amount determined by the states of the AMPGN2–0 bits 
in the ADC Configuration register, ADC0CF (SFR Definition 5.2).  The PGA can be software-programmed 
for gains of 0.5, 1, 2, 4, 8 or 16.  It defaults to a gain of 1 on reset.
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C8051F2xx
6.2. ADC Modes of Operation

The ADC has a maximum conversion speed of 100 ksps.  The ADC conversion clock is derived from the 
system clock.  The ADC conversion clock is derived from a divided version of SYSCLK.  Divide ratios of 1, 
2, 4, 8, or 16 are supported by setting the ADCSC bits in the ADC0CF Register.  This is useful to adjust 
conversion speed to accommodate different system clock speeds. 

A conversion can be initiated in one of two ways, depending on the programmed states of the ADC Start of 
Conversion Mode bits (ADSTM1, ADSTM0) in ADC0CN.  Conversions may be initiated by: 

1. Writing a 1 to the ADBUSY bit of ADC0CN;  
2. A Timer 2 overflow (i.e. timed continuous conversions). 

Writing a 1 to ADBUSY provides software control of the ADC whereby conversions are performed "on-
demand".  During conversion, the ADBUSY bit is set to 1 and restored to 0 when conversion is complete. 
The falling edge of ADBUSY triggers an interrupt (when enabled) and sets the ADCINT interrupt flag in the 
ADC0CN register.  Note: When conversions are performed "on-demand", the ADCINT flag, not ADBUSY, 
should be polled to determine when the conversion has completed. Converted data is available in the ADC 
data word register, ADC0H.

The ADCTM bit in register ADC0CN controls the ADC track-and-hold mode.  In its default state, the ADC 
input is continuously tracked, except when a conversion is in progress.  Setting ADCTM to 1 allows one of 
two different low power track-and-hold modes to be specified by states of the ADSTM1-0 bits (also in 
ADC0CN):  

1. Tracking begins with a write of 1 to ADBUSY and lasts for 3 SAR clocks;  
2. Tracking starts with an overflow of Timer 2 and lasts for 3 SAR clocks. 

Tracking can be disabled (shutdown) when the entire chip is in low power standby or sleep modes.

Figure 6.2. 12-Bit ADC Track and Conversion Example Timing

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CNVSTR
(ADSTM[1:0]=10)

ADCTM=1 Track Convert Low Power Mode

ADCTM=0 Track Or Convert Convert Track

Low Power or
Convert

Timer2, Timer3 Overflow;
Write 1 to ADBUSY

(ADSTM[1:0]=00, 01, 11)

ADCTM=1 Track Convert Low Power Mode

ADCTM=0 Track or Convert Convert Track

Low Power or
Convert

A. ADC Timing for External Trigger Source

B. ADC Timing for Internal Trigger Sources

SAR Clocks

SAR Clocks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAR Clocks
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C8051F2xx
SFR Definition 8.2. CPT1CN: Comparator 1 Control

Bit7: CP1EN: Comparator 1 Enable Bit
0:  Comparator 1 Disabled.  
1:  Comparator 1 Enabled.

Bit6: CP1OUT: Comparator 1 Output State Flag
0:  Voltage on CP1+ < CP1– 
1:  Voltage on CP1+ > CP1–

Bit5: CP1RIF: Comparator 1 Rising-Edge Interrupt Flag
0:  No Comparator 1 Rising-Edge Interrupt has occurred since this flag was cleared
1:  Comparator 1 Rising-Edge Interrupt has occurred since this flag was cleared

Bit4: CP1FIF: Comparator 1 Falling-Edge Interrupt Flag
0:  No Comparator 1 Falling-Edge Interrupt has occurred since this flag was cleared
1:  Comparator 1 Falling-Edge Interrupt has occurred since this flag was cleared

Bit3–2:  CP1HYP1–0: Comparator 1 Positive Hysteresis Control Bits
00:  Positive Hysteresis Disabled
01:  Positive Hysteresis = 2 mV
10:  Positive Hysteresis = 4 mV
11:  Positive Hysteresis = 10 mV

Bit1–0:  CP1HYN1–0: Comparator 1 Negative Hysteresis Control Bits
00:  Negative Hysteresis Disabled
01:  Negative Hysteresis = 2 mV
10:  Negative Hysteresis = 4 mV
11:  Negative Hysteresis = 10 mV

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

CP1EN CP1OUT CP1RIF CP1FIF CP1HYP1 CP1HYP0 CP1HYN1 CP1HYN0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9F
56 Rev. 1.6



C8051F2xx
Notes:
1. C8051F230/1/6 Do not have these registers.
2. C8051F221/231 Does not have this register (32 pin package).
3. On the C8051F206 and C8051F226/236 only.
4. On the C8051F206 only (12-bit ADC)

0xA4 PRT0CF Port 0 Configuration 105

0xA5 PRT1CF Port 1 Configuration 106

0xA6 PRT2CF Port 2 Configuration 107

0xA7 PRT3CF Port 3 Configuration 108

0xE1 PRT0MX Port 0 Multiplexer I/O Configuration 103

0xE2 PRT1MX Port 1 Multiplexer I/O Configuration 104

0xE3 PRT2MX Port 2 Multiplexer I/O Configuration 104

0x8F PSCTL Program Store RW Control 88

0xD0 PSW Program Status Word 72

0xCB RCAP2H Counter/Timer 2 Capture (High Byte) 138

0xCA RCAP2L Counter/Timer 2 Capture (Low Byte) 138

0xD1 REF0CN Voltage Reference Control Register 50

0xEF RSTSRC Reset Source Register 95

0x99 SBUF Serial Data Buffer (UART) 123

0x98 SCON Serial Port Control (UART) 124

0x81 SP Stack Pointer 71

0x9A SPI0CFG Serial Peripheral Interface Configuration 114

0x9D SPI0CKR SPI Clock Rate 116

0xF8 SPI0CN SPI Bus Control 115

0x9B SPI0DAT SPI Port 1Data 116

0xAD SWCINT Software Controlled Interrupt Register 75

0xC8 T2CON Counter/Timer 2 Control 137

0x88 TCON Counter/Timer Control 129

0x8C TH0 Counter/Timer 0 Data Word (High Byte) 132

0x8D TH1 Counter/Timer 1 Data Word (High Byte) 132

0xCD TH2 Counter/Timer 2 Data Word (High Byte) 138

0x8A TL0 Counter/Timer 0 Data Word (Low Byte) 132

0x8B TL1 Counter/Timer 1 Data Word (Low Byte) 132

0xCC TL2 Counter/Timer 2 Data Word (Low Byte) 138

0x89 TMOD Counter/Timer Mode 130

0xFF WDTCN Watchdog Timer Control 94

0x84–86, 0x91–97, 0x9C, 0xA1–A3, 0xA9–
AC, 0xAE, 0xB3–B5, 0xB9–BA, 0xBD–
BE,0xC0–C4, 0xC6,0xCE–CF,0xD2–
DF,0xE9–EE,0xF5,0xF9–FE

Reserved

Table 9.3. Special Function Registers  (Continued)

SFR’s are listed in alphabetical order.

Address Register Description Page No.
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C8051F2xx
SFR Definition 9.5. ACC: Accumulator

Bits 7–0: ACC: Accumulator
This register is the accumulator for arithmetic operations. 

SFR Definition 9.6. B: B Register

Bits 7–0: B: B Register
This register serves as a second accumulator for certain 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

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

B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xF0
Rev. 1.6 73



C8051F2xx
SFR Definition 9.7. SWCINT: Software Controlled Interrupt Register

Bit7: SCI3: Software Controlled Interrupt 3 Bit.
If enabled, writing a logic 1 to this interrupt control bit will cause the CPU to vector to the 
SCI3 interrupt service routine.  This bit is not cleared in hardware.  It must be cleared by 
software.

Bit6: SCI2: Software Controlled Interrupt 2 Bit.
If enabled, writing a logic 1 to this interrupt control bit will cause the CPU to vector to the 
SCI2 interrupt service routine.  This bit is not cleared in hardware.  It must be cleared by 
software.

Bit5: SCI1: Software Controlled Interrupt 1 Bit.
If enabled, writing a logic 1 to this interrupt control bit will cause the CPU to vector to the 
SCI1 interrupt service routine.  This bit is not cleared in hardware.  It must be cleared by 
software.

Bit4: SCI0: Software Controlled Interrupt 0 Bit.
If enabled, writing a logic 1 to this interrupt control bit will cause the CPU to vector to the 
SCI0 interrupt service routine.  This bit is not cleared in hardware.  It must be cleared by 
software.

Bits3–0: UNUSED.  Read = 0000b, Write = don't care.

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

SCI3 SCI2 SCI1 SCI0 - - - - 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xAD

Table 9.4. Interrupt Summary  

Interrupt Source
Interrupt 
Vector

Priority 
Order

Interrupt-Pending Flag Enable

Reset 0x0000 Top None Always enabled

External Interrupt 0 (/INT0) 0x0003 0 IE0 (TCON.1) EX0 (IE.0)

Timer 0 Overflow 0x000B 1 TF0 (TCON.5) ET0 (IE.1)

External Interrupt 1 (/INT1) 0x0013 2 IE1 (TCON.3) EX1 (IE.2)

Timer 1 Overflow 0x001B 3 TF1 (TCON.7) ET1 (IE.3)

Serial Port (UART) 0x0023 4
RI (SCON.0)
TI (SCON.1)

ES (IE.4)

Timer 2 Overflow (or EXF2) 0x002B 5 TF2 (T2CON.7) ET2 (IE.5)

Serial Peripheral Interface  0x0033 6

SPIF (SPI0STA.7)
WCOL (SPI0CN.6)
MODF (SPI0CN.5)
RXOVRN (SPI0CN.4)

ESPI0 (EIE1.0)

ADC0 Window Comparison 0x0043 8 ADWINT (ADC0CN.2) EWADC0 (EIE1.2)

Comparator 0 Falling Edge 0x0053 10 CP0FIF (CPT0CN.4) ECP0F (EIE1.4)

Comparator 0 Rising Edge 0x005B 11 CP0RIF (CPT0CN.5) ECP0R (EIE1.5)

Comparator 1 Falling Edge 0x0063 12 CP1FIF (CPT1CN.4) ECP1F (EIE1.6)

Comparator 1 Rising Edge 0x006B 13 CP1RIF (CPT1CN.5) ECP1R (EIE1.7)
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C8051F2xx
9.5. Power Management Modes

The CIP-51 core has two software programmable power management modes: Idle and Stop.  Idle mode 
halts the CPU while leaving the external peripherals and internal clocks active.  In Stop mode, the CPU is 
halted, all interrupts and timers (except the Missing Clock Detector) are inactive, and the system clock is 
stopped.  Since clocks are running in Idle mode, power consumption is dependent upon the system clock 
frequency and the number of peripherals left in active mode before entering Idle.  Stop mode consumes 
the least power.  SFR Definition 9.14 describes the Power Control Register (PCON) used to control the 
CIP-51’s power management modes.

Although the CIP-51 has Idle and Stop modes built in (as with any standard 8051 architecture), power 
management of the entire MCU is better accomplished by enabling/disabling individual peripherals as 
needed.  Each analog peripheral can be disabled when not in use and put into low power mode.  Turning 
off the active oscillator saves even more power, but requires a reset to restart the MCU.

9.5.1. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the CIP-51 to halt the CPU and enter Idle mode as soon 
as the instruction that sets the bit completes.   All internal registers and memory maintain their original 
data.  All analog and digital peripherals can remain active during Idle mode.

Idle mode is terminated when an enabled interrupt or RST is asserted.  The assertion of an enabled inter-
rupt will cause the Idle Mode Selection bit (PCON.0) to be cleared and the CPU will resume operation. 
The pending interrupt will be serviced and the next instruction to be executed after the return from interrupt 
(RETI) will be the instruction immediately following the one that set the Idle Mode Select bit.  If Idle mode is 
terminated by an internal or external reset, the CIP-51 performs a normal reset sequence and begins pro-
gram execution at address 0x0000.

Note: If the instruction following the write of the IDLE bit is a single-byte instruction and an interrupt occurs 
during the execution phase of the instruction that sets the IDLE bit, the CPU may not wake from Idle mode 
when a future interrupt occurs. Any instructions that set the IDLE bit should be followed by an instruction 
that has 2 or more op-code bytes, for example:

// in ‘C’: 
PCON |= 0x01; // set IDLE bit 
PCON  = PCON; // ... followed by a 3-cycle dummy instruction

; in assembly: 
ORL   PCON,  #01h ; set IDLE bit 
MOV  PCON,  PCON ; ... followed by a 3-cycle dummy instruction

If enabled, the WDT will eventually cause an internal watchdog reset and thereby terminate the Idle mode. 
This feature protects the system from an unintended permanent shutdown in the event of an inadvertent 
write to the PCON register.  If this behavior is not desired, the WDT may be disabled by software prior to 
entering the Idle mode if the WDT was initially configured to allow this operation.  This provides the oppor-
tunity for additional power savings, allowing the system to remain in the Idle mode indefinitely, waiting for 
an external stimulus to wake up the system.  Refer to Section 12.7 Watchdog Timer for more information 
on the use and configuration of the WDT.

9.5.2. Stop Mode

Setting the Stop Mode Select bit (PCON.1) causes the CIP-51 to enter Stop mode as soon as the instruc-
tion that sets the bit completes.  In Stop mode, the CPU and oscillators are stopped, effectively shutting 
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C8051F2xx
15. Serial Peripheral Interface Bus
The Serial Peripheral Interface (SPI) provides access to a four-wire, full-duplex, serial bus.  SPI supports 
the connection of multiple slave devices to a master device on the same bus.  A separate slave-select sig-
nal (NSS) is used to select a slave device and enable a data transfer between the master and the selected 
slave.  Multiple masters on the same bus are also supported. Collision detection is provided when two or 
more masters attempt a data transfer at the same time.  The SPI can operate as either a master or a slave. 
When the SPI is configured as a master, the maximum data transfer rate (bits/sec) is one-half the system 
clock frequency.

When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for full-duplex operation 
is 1/10 the system clock frequency, provided that the master issues SCK, NSS, and the serial input data 
synchronously with the system clock.  If the master issues SCK, NSS, and the serial input data asynchro-
nously, the maximum data transfer rate (bits/sec) must be less that 1/10 the system clock frequency.  In the 
special case where the master only wants to transmit data to the slave and does not need to receive data 
from the slave (i.e. half-duplex operation), the SPI slave can receive data at a maximum data transfer rate 
(bits/sec) of ¼ the system clock frequency.  This is provided that the master issues SCK, NSS, and the 
serial input data synchronously with the system clock.

Figure 15.1. SPI Block Diagram
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16.1.3. Mode 2: 9-Bit UART, Fixed Baud Rate

Mode 2 provides asynchronous, full-duplex communication using a total of eleven bits per data byte: a start 
bit, 8 data bits (LSB first), a programmable ninth data bit, and a stop bit (see timing diagram in 
Figure 16.6). On transmit, the ninth data bit is determined by the value in TB8 (SCON.3).  It can be 
assigned the value of the parity flag P in the PSW or used in multiprocessor communications.  On receive, 
the ninth data bit goes into RB8 (SCON.2) and the stop bit is ignored. 

Data transmission begins when an instruction writes a data byte to the SBUF register.  The TI Transmit 
Interrupt Flag (SCON.1) is set at the end of the transmission (the beginning of the stop-bit time).  Data 
reception can begin any time after the REN Receive Enable bit (SCON.4) is set to logic 1.  After the stop bit 
is received, the data byte will be loaded into the SBUF receive register if the following conditions are met: 
RI must be logic 0, and if SM2 is logic 1, the 9th bit must be logic 1.

If these conditions are met, the eight bits of data is stored in SBUF, the ninth bit is stored in RB8 and the RI 
flag is set.  If these conditions are not met, SBUF and RB8 will not be loaded and the RI flag will not be set. 
An interrupt will occur if enabled when either TI or RI are set.

The baud rate in Mode 2 is a direct function of the system clock frequency as follows:  

Mode 2 Baud Rate = 2SMOD x (SYSCLK / 64).

The SMOD bit (PCON.7) selects whether to divide SYSCLK by 32 or 64.  In the formula, 2 is raised to the 
power SMOD, resulting in a baud rate of either 1/32 or 1/64 of the system clock frequency.  On reset, the 
SMOD bit is logic 0, thus selecting the lower speed baud rate by default.

Figure 16.6. UART Modes 2 and 3 Timing Diagram

16.1.4. Mode 3: 9-Bit UART, Variable Baud Rate

Mode 3 is the same as Mode 2 in all respects except the baud rate is variable.  The baud rate is deter-
mined in the same manner as for Mode 1.   Mode 3 operation transmits 11 bits: a start bit, 8 data bits (LSB 
first), a programmable ninth data bit, and a stop bit.  Timer 1 or Timer 2 overflows generate the baud rate 
just as with Mode 1.  In summary, Mode 3 transmits using the same protocol as Mode 2 but with Mode 1 
baud rate generation.
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SFR Definition 17.2. TMOD: Timer Mode

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

Bit6: C/T1: Counter/Timer 1 Select.  
0:  Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.4).
1:  Counter Function: Timer 1 incremented by high-to-low transitions on external input pin  
P0.5/T1.

Bits5–4: T1M1–T1M0: Timer 1 Mode Select.   
These bits select the Timer 1 operation mode.

Bit3: GATE0: Timer 0 Gate Control. 
0: Timer 0 enabled when TR0 = 1 irrespective of /INT0 logic level. 
1: Timer 0 enabled only when TR0 = 1 AND /INT0 = logic level one. 

Bit2: C/T0: Counter/Timer Select.  
0:  Timer Function: Timer 0 incremented by clock defined by T0M bit (CKCON.3).
1:  Counter Function: Timer 0 incremented by high-to-low transitions on external input pin 
P0.4/T0.

Bits1–0: T0M1–T0M0: Timer 0 Mode Select.   
These bits select the Timer 0 operation mode.

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

GATE1 C/T1 T1M1 T1M0 GATE0 C/T0 T0M1 T0M0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x89

T1M1 T1M0 Mode

0 0 Mode 0: 13-bit counter/timer

0 1 Mode 1: 16-bit counter/timer

1 0 Mode 2: 8-bit counter/timer with auto-reload

1 1 Mode 3: Timer 1 Inactive/stopped

T0M1 T0M0 Mode

0 0 Mode 0: 13-bit counter/timer

0 1 Mode 1: 16-bit counter/timer

1 0 Mode 2: 8-bit counter/timer with auto-reload

1 1 Mode 3: Two 8-bit counter/timers
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SFR Definition 17.4. TL0: Timer 0 Low Byte

Bits 7–0: TL0: Timer 0 Low Byte.  
The TL0 register is the low byte of the 16-bit Timer 0.

SFR Definition 17.5. TL1: Timer 1 Low Byte

Bits 7–0: TL1: Timer 1 Low Byte.  
The TL1 register is the low byte of the 16-bit Timer 1.

SFR Definition 17.6. TH0: Timer 0 High Byte

Bits 7–0: TH0: Timer 0 High Byte.  
The TH0 register is the high byte of the 16-bit Timer 0.

SFR Definition 17.7. TH1: Timer 1 High Byte

Bits 7–0: TH1: Timer 1 High Byte.  
The TH1 register is the high byte of the 16-bit Timer 1.

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:

0x8A

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:

0x8B

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:

0x8C

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:

0x8D
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17.2.2. Mode 1: 16-bit Counter/Timer with Auto-Reload

The Counter/Timer with Auto-Reload mode sets the TF2 timer overflow flag when the counter/timer regis-
ter overflows from 0xFFFF to 0x0000.  An interrupt is generated if enabled.  On overflow, the 16-bit value 
held in the two capture registers (RCAP2H, RCAP2L) is automatically loaded into the counter/timer regis-
ter and the timer is restarted.

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

Figure 17.5. T2 Mode 1 Block Diagram
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18.1. Flash Programming Commands

The Flash memory can be programmed directly over the JTAG interface using the Flash Control, Flash 
Data, Flash Address, and Flash Scale registers.  These Indirect Data Registers are accessed via the JTAG 
Instruction Register.  Read and write operations on indirect data registers are performed by first setting the 
appropriate DR address in the IR register.  Each read or write is then initiated by writing the appropriate 
Indirect Operation Code (IndOpCode) to the selected data register.  Incoming commands to this register 
have the following format:

IndOpCode:  These bit set the operation to perform according to the following table:

The Poll operation is used to check the Busy bit as described below.  Although a Capture-DR is performed, 
no Update-DR is allowed for the Poll operation.  Since updates are disabled, polling can be accomplished 
by shifting in/out a single bit.

The Read operation initiates a read from the register addressed by the DRAddress.  Reads can be initiated 
by shifting only 2 bits into the indirect register.  After the read operation is initiated, polling of the Busy bit 
must be performed to determine when the operation is complete.

The write operation initiates a write of WriteData to the register addressed by DRAddress.  Registers of 
any width up to 18 bits can be written.  If the register to be written contains fewer than 18 bits, the data in 
WriteData should be left-justified, i.e. its MSB should occupy bit 17 above.  This allows shorter registers to 
be written in fewer JTAG clock cycles.  For example, an 8-bit register could be written by shifting only 10 
bits.  After a Write is initiated, the Busy bit should be polled to determine when the next operation can be 
initiated.  The contents of the Instruction Register should not be altered while either a read or write opera-
tion is in progress.

Outgoing data from the indirect Data Register has the following format:

The Busy bit indicates that the current operation is not complete.  It goes high when an operation is initi-
ated and returns low when complete.  Read and Write commands are ignored while Busy is high.  In fact, if 
polling for Busy to be low will be followed by another read or write operation, JTAG writes of the next oper-
ation can be made while checking for Busy to be low.  They will be ignored until Busy is read low, at which 
time the new operation will initiate.  This bit is placed at bit 0 to allow polling by single-bit shifts.  When wait-
ing for a Read to complete and Busy is 0, the following 18 bits can be shifted out to obtain the resulting 
data.  ReadData is always right-justified.  This allows registers shorter than 18 bits to be read using a 
reduced number of shifts.  For example, the result from a byte-read requires 9 bit shifts (Busy + 8 bits).

19:18 17:0

IndOpCode WriteData

IndOpCode Operation

0x Poll

10 Read

11 Write

19 18:5 0

0 ReadData Busy
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