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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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Figure 5.5. AMX0CF: AMUX0 Configuration Register (C8051F020/1)

Bits7-4: UNUSED. Read = 0000b; Write = don’t care
Bit3: AIN67IC: AIN6, AIN7 Input Pair Configuration Bit

0: AIN6 and AIN7 are independent single-ended inputs
1: AIN6, AIN7 are (respectively) +, - differential input pair

Bit2: AIN45IC: AIN4, AIN5 Input Pair Configuration Bit
0: AIN4 and AIN5 are independent single-ended inputs
1: AIN4, AIN5 are (respectively) +, - differential input pair

Bit1: AIN23IC: AIN2, AIN3 Input Pair Configuration Bit
0: AIN2 and AIN3 are independent single-ended inputs
1: AIN2, AIN3 are (respectively) +, - differential input pair

Bit0: AIN01IC: AIN0, AIN1 Input Pair Configuration Bit
0: AIN0 and AIN1 are independent single-ended inputs
1: AIN0, AIN1 are (respectively) +, - differential input pair

NOTE: The ADC0 Data Word is in 2’s complement format for channels configured as differential.

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

- - - - AIN67IC AIN45IC AIN23IC AIN01IC 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xBA
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Figure 5.6. AMX0SL: AMUX0 Channel Select Register (C8051F020/1)

Bits7-4: UNUSED. Read = 0000b; Write = don’t care
Bits3-0: AMX0AD3-0: AMX0 Address Bits

0000-1111b: ADC Inputs selected per chart below

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

- - - - AMX0AD3 AMX0AD2 AMX0AD1 AMX0AD0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xBB

AMX0AD3-0

0000 0001 0010 0011 0100 0101 0110 0111 1xxx

A
M

X
0C

F
 B

it
s 

3-
0

0000 AIN0 AIN1 AIN2 AIN3 AIN4 AIN5 AIN6 AIN7
TEMP 

SENSOR

0001 +(AIN0)
-(AIN1)

AIN2 AIN3 AIN4 AIN5 AIN6 AIN7
TEMP 

SENSOR

0010 AIN0 AIN1
+(AIN2)
-(AIN3)

AIN4 AIN5 AIN6 AIN7
TEMP 

SENSOR

0011 +(AIN0)
-(AIN1)

+(AIN2)
-(AIN3)

AIN4 AIN5 AIN6 AIN7
TEMP 

SENSOR

0100 AIN0 AIN1 AIN2 AIN3
+(AIN4)
-(AIN5)

AIN6 AIN7
TEMP 

SENSOR

0101 +(AIN0)
-(AIN1)

AIN2 AIN3
+(AIN4)
-(AIN5)

AIN6 AIN7
TEMP 

SENSOR

0110 AIN0 AIN1
+(AIN2)
-(AIN3)

+(AIN4)
-(AIN5)

AIN6 AIN7
TEMP 

SENSOR

0111 +(AIN0)
-(AIN1)

+(AIN2)
-(AIN3)

+(AIN4)
-(AIN5)

AIN6 AIN7
TEMP 

SENSOR

1000 AIN0 AIN1 AIN2 AIN3 AIN4 AIN5
+(AIN6)
-(AIN7)

TEMP 
SENSOR

1001 +(AIN0)
-(AIN1)

AIN2 AIN3 AIN4 AIN5
+(AIN6)
-(AIN7)

TEMP 
SENSOR

1010 AIN0 AIN1
+(AIN2)
-(AIN3)

AIN4 AIN5
+(AIN6)
-(AIN7)

TEMP 
SENSOR

1011 +(AIN0)
-(AIN1)

+(AIN2)
-(AIN3)

AIN4 AIN5
+(AIN6)
-(AIN7)

TEMP 
SENSOR

1100 AIN0 AIN1 AIN2 AIN3
+(AIN4)
-(AIN5)

+(AIN6)
-(AIN7)

TEMP 
SENSOR

1101 +(AIN0)
-(AIN1)

AIN2 AIN3
+(AIN4)
-(AIN5)

+(AIN6)
-(AIN7)

TEMP 
SENSOR

1110 AIN0 AIN1
+(AIN2)
-(AIN3)

+(AIN4)
-(AIN5)

+(AIN6)
-(AIN7)

TEMP 
SENSOR

1111 +(AIN0)
-(AIN1)

+(AIN2)
-(AIN3)

+(AIN4)
-(AIN5)

+(AIN6)
-(AIN7)

TEMP 
SENSOR
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Table 5.1. 12-Bit ADC0 Electrical Characteristics (C8051F020/1)

VDD = 3.0V, AV+ = 3.0V, VREF = 2.40V (REFBE=0), PGA Gain = 1, -40°C to +85°C unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS

DC ACCURACY

Resolution 12 bits

Integral Nonlinearity ±1 LSB

Differential Nonlinearity Guaranteed Monotonic ±1 LSB

Offset Error -3±1 LSB

Full Scale Error Differential mode -7±3 LSB

Offset Temperature Coefficient ±0.25 ppm/°C

DYNAMIC PERFORMANCE (10 kHz sine-wave input, 0 to 1 dB below Full Scale, 100 ksps

Signal-to-Noise Plus Distortion 66 dB

Total Harmonic Distortion Up to the 5th harmonic -75 dB

Spurious-Free Dynamic Range 80 dB

CONVERSION RATE

SAR Clock Frequency 2.5 MHz

Conversion Time in SAR Clocks 16 clocks

Track/Hold Acquisition Time 1.5 µs

Throughput Rate 100 ksps

ANALOG INPUTS

Input Voltage Range Single-ended operation 0 VREF V

*Common-mode Voltage Range Differential operation AGND AV+ V

Input Capacitance 10 pF

TEMPERATURE SENSOR

Nonlinearity -1.0 +1.0 °C

Absolute Accuracy ±3 °C

Gain PGA Gain = 1 2.86 mV/°C

Offset PGA Gain = 1, Temp = 0°C 0.776 V

POWER SPECIFICATIONS

Power Supply Current (AV+ sup-
plied to ADC)

Operating Mode, 100 ksps 450 900 µA

Power Supply Rejection ±0.3 mV/V



C8051F020/1/2/3

90 Rev. 1.4

Notes
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9. VOLTAGE REFERENCE (C8051F020/2) 

The voltage reference circuit offers full flexibility in operating the ADC and DAC modules. Three voltage reference 
input pins allow each ADC and the two DACs to reference an external voltage reference or the on-chip voltage refer-
ence output. ADC0 may also reference the DAC0 output internally, and ADC1 may reference the analog power sup-
ply voltage, via the VREF multiplexers shown in Figure 9.1. 

The internal voltage reference circuit consists of a 1.2 V, 15 ppm/°C (typical) bandgap voltage reference generator 
and a gain-of-two output buffer amplifier. The internal reference may be routed via the VREF pin to external system 
components or to the voltage reference input pins shown in Figure 9.1. Bypass capacitors of 0.1 µF and 4.7 µF are 
recommended from the VREF pin to AGND, as shown in Figure 9.1. See Table 9.1 for voltage reference specifica-
tions.

The Reference Control Register, REF0CN (defined in Figure 9.2) enables/disables the internal reference generator 
and selects the reference inputs for ADC0 and ADC1. The BIASE bit in REF0CN enables the on-board reference 
generator while the REFBE bit enables the gain-of-two buffer amplifier which drives the VREF pin. When disabled, 
the supply current drawn by the bandgap and buffer amplifier falls to less than 1 µA (typical) and the output of the 
buffer amplifier enters a high impedance state. If the internal bandgap is used as the reference voltage generator, 
BIASE and REFBE must both be set to logic 1. If the internal reference is not used, REFBE may be set to logic 0. 
Note that the BIASE bit must be set to logic 1 if either DAC or ADC is used, regardless of whether the voltage refer-
ence is derived from the on-chip reference or supplied by an off-chip source. If neither the ADC nor the DAC are 
being used, both of these bits can be set to logic 0 to conserve power. Bits AD0VRS and AD1VRS select the ADC0 
and ADC1 voltage reference sources, respectively. The electrical specifications for the Voltage Reference circuit are 
given in Table 9.1.

Recommended Bypass
Capacitors

x2
VREF

DAC0

DAC1

Ref
VREFD

AV+

ADC1

ADC0

VREF1
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Ref
1

0

0

1
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Figure 9.1. Voltage Reference Functional Block Diagram
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Notes on Registers, Operands and Addressing Modes:

Rn - Register R0-R7 of the currently selected register bank.

@Ri - Data RAM location addressed indirectly through R0 or R1.

rel - 8-bit, signed (two’s complement) offset relative to the first byte of the following instruction. Used by SJMP 
and all conditional jumps.

direct - 8-bit internal data location’s address. This could be a direct-access Data RAM location (0x00-0x7F) or an 
SFR (0x80-0xFF).

#data - 8-bit constant

#data16 - 16-bit constant

bit - Direct-accessed bit in Data RAM or SFR

addr11 - 11-bit destination address used by ACALL and AJMP. The destination must be within the same 2K-byte 
page of program memory as the first byte of the following instruction.

addr16 - 16-bit destination address used by LCALL and LJMP. The destination may be anywhere within the 64K-
byte program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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12.2.6. Special Function Registers

The direct-access data memory locations from 0x80 to 0xFF constitute the special function registers (SFRs). The 
SFRs provide control and data exchange with the CIP-51's resources and peripherals. The CIP-51 duplicates the SFRs 
found in a typical 8051 implementation as well as implementing additional SFRs used to configure and access the 
sub-systems unique to the MCU. This allows the addition of new functionality while retaining compatibility with the 
MCS-51™ instruction set. Table 12.2 lists the SFRs implemented in the CIP-51 System Controller.

The SFR registers are accessed anytime the direct addressing mode is used to access memory locations from 0x80 to 
0xFF. SFRs with addresses ending in 0x0 or 0x8 (e.g. P0, TCON, P1, SCON, IE, etc.) are bit-addressable as well as 
byte-addressable. All other SFRs are byte-addressable only. Unoccupied addresses in the SFR space are reserved for 
future use. Accessing these areas will have an indeterminate effect and should be avoided. Refer to the corresponding 
pages of the datasheet, as indicated in Table 12.3, for a detailed description of each register.

Table 12.3. Special Function Registers

SFRs are listed in alphabetical order. All undefined SFR locations are reserved.
Register Address Description Page No.
ACC 0xE0 Accumulator page 115
ADC0CF 0xBC ADC0 Configuration page 49*, page 65**
ADC0CN 0xE8 ADC0 Control page 50*, page 66**
ADC0GTH 0xC5 ADC0 Greater-Than High page 53*, page 69**
ADC0GTL 0xC4 ADC0 Greater-Than Low page 53*, page 69**
ADC0H 0xBF ADC0 Data Word High page 51*, page 67**
ADC0L 0xBE ADC0 Data Word Low page 51*, page 67**

Table 12.2. Special Function Register (SFR) Memory Map

F8 SPI0CN PCA0H PCA0CPH0 PCA0CPH1 PCA0CPH2 PCA0CPH3 PCA0CPH4 WDTCN

F0 B SCON1 SBUF1 SADDR1 TL4 TH4 EIP1 EIP2

E8 ADC0CN PCA0L PCA0CPL0 PCA0CPL1 PCA0CPL2 PCA0CPL3 PCA0CPL4 RSTSRC

E0 ACC XBR0 XBR1 XBR2 RCAP4L RCAP4H EIE1 EIE2

D8 PCA0CN PCA0MD PCA0CPM0 PCA0CPM1 PCA0CPM2 PCA0CPM3 PCA0CPM4

D0 PSW REF0CN DAC0L DAC0H DAC0CN DAC1L DAC1H DAC1CN

C8 T2CON T4CON RCAP2L RCAP2H TL2 TH2 SMB0CR

C0 SMB0CN SMB0STA SMB0DAT SMB0ADR ADC0GTL ADC0GTH ADC0LTL ADC0LTH

B8 IP SADEN0 AMX0CF AMX0SL ADC0CF P1MDIN ADC0L ADC0H

B0 P3 OSCXCN OSCICN P74OUT† FLSCL FLACL

A8 IE SADDR0 ADC1CN ADC1CF AMX1SL P3IF SADEN1 EMI0CN

A0 P2 EMI0TC EMI0CF P0MDOUT P1MDOUT P2MDOUT P3MDOUT

98 SCON0 SBUF0 SPI0CFG SPI0DAT ADC1 SPI0CKR CPT0CN CPT1CN

90 P1 TMR3CN TMR3RLL TMR3RLH TMR3L TMR3H P7†

88 TCON TMOD TL0 TL1 TH0 TH1 CKCON PSCTL

80 P0 SP DPL DPH P4† P5† P6† PCON

0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
(bit addressable)
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†P6 0x86 Port 6 Latch page 181†
†P7 0x96 Port 7 Latch page 181†
†P74OUT 0xB5 Port 4 through 7 Output Mode page 179†
PCA0CN 0xD8 PCA Control page 259
PCA0CPH0 0xFA PCA Capture 0 High page 263
PCA0CPH1 0xFB PCA Capture 1 High page 263
PCA0CPH2 0xFC PCA Capture 2 High page 263
PCA0CPH3 0xFD PCA Capture 3 High page 263
PCA0CPH4 0xFE PCA Capture 4 High page 263
PCA0CPL0 0xEA PCA Capture 0 Low page 263
PCA0CPL1 0xEB PCA Capture 1 Low page 263
PCA0CPL2 0xEC PCA Capture 2 Low page 263
PCA0CPL3 0xED PCA Capture 3 Low page 263
PCA0CPL4 0xEE PCA Capture 4 Low page 263
PCA0CPM0 0xDA PCA Module 0 Mode Register page 261
PCA0CPM1 0xDB PCA Module 1 Mode Register page 261
PCA0CPM2 0xDC PCA Module 2 Mode Register page 261
PCA0CPM3 0xDD PCA Module 3 Mode Register page 261
PCA0CPM4 0xDE PCA Module 4 Mode Register page 261
PCA0H 0xF9 PCA Counter High page 262
PCA0L 0xE9 PCA Counter Low page 262
PCA0MD 0xD9 PCA Mode page 260
PCON 0x87 Power Control page 126
PSCTL 0x8F Program Store R/W Control page 144
PSW 0xD0 Program Status Word page 114
RCAP2H 0xCB Timer/Counter 2 Capture High page 239
RCAP2L 0xCA Timer/Counter 2 Capture Low page 239
RCAP4H 0xE5 Timer/Counter 4 Capture High page 248
RCAP4L 0xE4 Timer/Counter 4 Capture Low page 248
REF0CN 0xD1 Programmable Voltage Reference Control page 92†, page 94††
RSTSRC 0xEF Reset Source Register page 132
SADDR0 0xA9 UART0 Slave Address page 214
SADDR1 0xF3 UART1 Slave Address page 224
SADEN0 0xB9 UART0 Slave Address Enable page 214
SADEN1 0xAE UART1 Slave Address Enable page 224
SBUF0 0x99 UART0 Data Buffer page 214
SBUF1 0xF2 UART1 Data Buffer page 224
SCON0 0x98 UART0 Control page 213
SCON1 0xF1 UART1 Control page 223
SMB0ADR 0xC3 SMBus Slave Address page 193
SMB0CN 0xC0 SMBus Control page 191
SMB0CR 0xCF SMBus Clock Rate page 192
SMB0DAT 0xC2 SMBus Data page 193
SMB0STA 0xC1 SMBus Status page 194
SP 0x81 Stack Pointer page 113

Table 12.3. Special Function Registers

SFRs are listed in alphabetical order. All undefined SFR locations are reserved.
Register Address Description Page No.
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Table 13.1. Reset Electrical Characteristics

-40°C to +85°C unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS

/RST Output High Voltage IOH = -3 mA VDD - 
0.7

V

/RST Output Low Voltage IOL = 8.5 mA, VDD = 2.7 V to 3.6 V 0.6 V

/RST Input High Voltage
0.7 x 
VDD

V

/RST Input Low Voltage
0.3 x 
VDD

/RST Input Leakage Current /RST = 0.0 V 50 µA
VDD for /RST Output Valid 1.0 V
AV+ for /RST Output Valid 1.0 V

VDD POR Threshold (VRST) 2.40 2.55 2.70 V

Minimum /RST Low Time to 
Generate a System Reset

10 ns

Reset Time Delay
/RST rising edge after VDD crosses 

VRST threshold 80 100 120 ms

Missing Clock Detector Timeout
Time from last system clock to reset 

initiation
100 220 500 µs
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14. OSCILLATORS

Each MCU includes an internal oscillator and an external oscillator drive circuit, either of which can generate the sys-
tem clock. The MCUs operate from the internal oscillator after any reset. This internal oscillator can be enabled/dis-
abled and its frequency can be set using the Internal Oscillator Control Register (OSCICN) as shown in Figure 14.1. 
The internal oscillator's electrical specifications are given in Table 14.1.

Both oscillators are disabled when the /RST pin is held low. The MCUs can run from the internal oscillator perma-
nently, or can switch to the external oscillator if desired using CLKSL bit in the OSCICN Register. The external oscil-
lator requires an external resonator, crystal, capacitor, or RC network connected to the XTAL1/XTAL2 pins (see 
Table 14.1). The oscillator circuit must be configured for one of these sources in the OSCXCN register. An external 
CMOS clock can also provide the system clock; in this configuration, the XTAL1 pin is used as the CMOS clock 
input. The XTAL1 and XTAL2 pins are NOT 5V tolerant.

Figure 14.1. Oscillator Diagram
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16. EXTERNAL DATA MEMORY INTERFACE AND ON-CHIP XRAM

The C8051F020/1/2/3 MCUs include 4k bytes of on-chip RAM mapped into the external data memory space 
(XRAM), as well as an External Data Memory Interface which can be used to access off-chip memories and memory-
mapped devices connected to the GPIO ports. The external memory space may be accessed using the external move 
instruction (MOVX) and the data pointer (DPTR), or using the MOVX indirect addressing mode using R0 or R1. If 
the MOVX instruction is used with an 8-bit address operand (such as @R1), then the high byte of the 16-bit address 
is provided by the External Memory Interface Control Register (EMI0CN, shown in Figure 16.1). Note: the MOVX 
instruction can also be used for writing to the FLASH memory. See Section “15. FLASH MEMORY” on page 139 
for details. The MOVX instruction accesses XRAM by default. The EMIF can be configured to appear on the lower 
I/O ports (P0-P3) or the upper I/O ports (P4-P7).

16.1. Accessing XRAM

The XRAM memory space is accessed using the MOVX instruction. The MOVX instruction has two forms, both of 
which use an indirect addressing method. The first method uses the Data Pointer, DPTR, a 16-bit register which con-
tains the effective address of the XRAM location to be read or written. The second method uses R0 or R1 in combina-
tion with the EMI0CN register to generate the effective XRAM address. Examples of both of these methods are given 
below.

16.1.1. 16-Bit MOVX Example

The 16-bit form of the MOVX instruction accesses the memory location pointed to by the contents of the DPTR reg-
ister. The following series of instructions reads the value of the byte at address 0x1234 into the accumulator A:

MOV DPTR, #1234h ; load DPTR with 16-bit address to read (0x1234)
MOVX A, @DPTR ; load contents of 0x1234 into accumulator A

 
The above example uses the 16-bit immediate MOV instruction to set the contents of DPTR. Alternately, the DPTR 
can be accessed through the SFR registers DPH, which contains the upper 8-bits of DPTR, and DPL, which contains 
the lower 8-bits of DPTR.

16.1.2. 8-Bit MOVX Example

The 8-bit form of the MOVX instruction uses the contents of the EMI0CN SFR to determine the upper 8-bits of the 
effective address to be accessed and the contents of R0 or R1 to determine the lower 8-bits of the effective address to 
be accessed. The following series of instructions read the contents of the byte at address 0x1234 into the accumulator 
A.

MOV EMI0CN, #12h ; load high byte of address into EMI0CN
MOV R0, #34h ; load low byte of address into R0 (or R1)
MOVX a, @R0 ; load contents of 0x1234 into accumulator A
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16.6.2.2.8-bit MOVX without Bank Select: EMI0CF[4:2] = ‘001’ or ‘011’.
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Figure 16.11. Multiplexed 8-bit MOVX without Bank Select Timing
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17.1.3. Configuring Port Pins as Digital Inputs

A Port pin is configured as a digital input by setting its output mode to “Open-Drain” and writing a logic 1 to the 
associated bit in the Port Data register. For example, P3.7 is configured as a digital input by setting P3MDOUT.7 to a 
logic 0 and P3.7 to a logic 1.

If the Port pin has been assigned to a digital peripheral by the Crossbar and that pin functions as an input (for example 
RX0, the UART0 receive pin), then the output drivers on that pin are automatically disabled.

17.1.4. External Interrupts (IE6 and IE7)

In addition to the external interrupts /INT0 and /INT1, whose Port pins are allocated and assigned by the Crossbar, 
P3.6 and P3.7 can be configured to generate edge sensitive interrupts; these interrupts are configurable as falling- or 
rising-edge sensitive using the IE6CF (P3IF.2) and IE7CF (P3IF.3) bits. When an active edge is detected on P3.6 or 
P3.7, a corresponding External Interrupt flag (IE6 or IE7) will be set to a logic 1 in the P3IF register (See 
Figure 17.19). If the associated interrupt is enabled, an interrupt will be generated and the CPU will vector to the 
associated interrupt vector location. See Section “12.3. Interrupt Handler” on page 116 for more information about 
interrupts.

17.1.5. Weak Pull-ups

By default, each Port pin has an internal weak pull-up device enabled which provides a resistive connection (about 
100 kΩ) between the pin and VDD. The weak pull-up devices can be globally disabled by writing a logic 1 to the 
Weak Pull-up Disable bit, (WEAKPUD, XBR2.7). The weak pull-up is automatically deactivated on any pin that is 
driving a logic 0; that is, an output pin will not contend with its own pull-up device. The weak pull-up device can also 
be explicitly disabled on a Port 1 pin by configuring the pin as an Analog Input, as described below.

17.1.6. Configuring Port 1 Pins as Analog Inputs (AIN1.[7:0])

The pins on Port 1 can serve as analog inputs to the ADC1 analog MUX. A Port pin is configured as an Analog Input 
by writing a logic 0 to the associated bit in the P1MDIN register (see Figure 17.13). All Port pins default to a Digital 
Input mode. Configuring a Port pin as an analog input:

1. Disables the digital input path from the pin. This prevents additional power supply current 
from being drawn when the voltage at the pin is near VDD / 2. A read of the Port Data bit will 
return a logic 0 regardless of the voltage at the Port pin.

2. Disables the weak pull-up device on the pin.
3. Causes the Crossbar to “skip over” the pin when allocating Port pins for digital peripherals.

 
Note that the output drivers on a pin configured as an Analog Input are not explicitly disabled. Therefore, the 
associated P1MDOUT bits of pins configured as Analog Inputs should explicitly be set to logic 0 (Open-Drain output 
mode), and the associated Port Data bits should be set to logic 1 (high-impedance). Also note that it is not required to 
configure a Port pin as an Analog Input in order to use it as an input to the ADC1 MUX; however, it is strongly rec-
ommended. See Section “7. ADC1 (8-Bit ADC)” on page 75 for more information about ADC1.
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17.1.7. External Memory Interface Pin Assignments

If the External Memory Interface (EMIF) is enabled on the Low ports (Ports 0 through 3), EMIFLE (XBR2.1) should 
be set to a logic 1 so that the Crossbar will not assign peripherals to P0.7 (/WR), P0.6 (/RD), and if the External Mem-
ory Interface is in Multiplexed mode, P0.5 (ALE). Figure 17.4 shows an example Crossbar Decode Table with 
EMIFLE=1 and the EMIF in Multiplexed mode. Figure 17.5 shows an example Crossbar Decode Table with 
EMIFLE=1 and the EMIF in Non-multiplexed mode.

If the External Memory Interface is enabled on the Low ports and an off-chip MOVX operation occurs, the External 
Memory Interface will control the output states of the affected Port pins during the execution phase of the MOVX 
instruction, regardless of the settings of the Crossbar registers or the Port Data registers. The output configuration of 
the Port pins is not affected by the EMIF operation, except that Read operations will explicitly disable the output 
drivers on the Data Bus. See Section “16. EXTERNAL DATA MEMORY INTERFACE AND ON-CHIP 
XRAM” on page 145 for more information about the External Memory Interface.

PIN I/O 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

TX0 
RX0 
SCK  
MISO  
MOSI  
NSS  
SDA    
SCL    
TX1     
RX1      
CEX0       
CEX1        
CEX2        
CEX3         
CEX4         
ECI                 ECI0E: XBR0.6

CP0                  CP0E: XBR0.7

CP1                   CP1E: XBR1.0

T0                    T0E: XBR1.1

/INT0                     INT0E: XBR1.2

T1                      T1E: XBR1.3

/INT1                       INT1E: XBR1.4

T2                        T2E: XBR1.5

T2EX                         T2EXE: XBR1.6

T4                          T4E: XBR2.3

T4EX                           T4EXE: XBR2.4

/SYSCLK                            SYSCKE: XBR1.7

CNVSTR                             CNVSTE: XBR2.0
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SPI0EN:

UART1EN:

PCA0ME:

Crossbar Register Bits

XBR0.2

XBR0.1

XBR0.0SMB0EN:

XBR2.2

XBR0.[5:3]

UART0EN:

P0 P1 P2 P3

AIN1 Inputs/Non-muxed Addr H Muxed Addr H/Non-muxed Addr L Muxed Data/Non-muxed Data

Figure 17.4. Priority Crossbar Decode Table
EMIFLE = 1; EMIF in Multiplexed Mode; P1MDIN = 0xFF)
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Figure 17.7. XBR0: Port I/O Crossbar Register 0

Bit7: CP0E: Comparator 0 Output Enable Bit.
0: CP0 unavailable at Port pin.
1: CP0 routed to Port pin.

Bit6: ECI0E: PCA0 External Counter Input Enable Bit.
0: PCA0 External Counter Input unavailable at Port pin.
1: PCA0 External Counter Input (ECI0) routed to Port pin.

Bits5-3: PCA0ME: PCA0 Module I/O Enable Bits.
000: All PCA0 I/O unavailable at Port pins.
001: CEX0 routed to Port pin.
010: CEX0, CEX1 routed to 2 Port pins.
011: CEX0, CEX1, and CEX2 routed to 3 Port pins.
100: CEX0, CEX1, CEX2, and CEX3 routed to 4 Port pins.
101: CEX0, CEX1, CEX2, CEX3, and CEX4 routed to 5 Port pins.
110: RESERVED
111: RESERVED

Bit2: UART0EN: UART0 I/O Enable Bit.
0: UART0 I/O unavailable at Port pins.
1: UART0 TX routed to P0.0, and RX routed to P0.1.

Bit1: SPI0EN: SPI0 Bus I/O Enable Bit.
0: SPI0 I/O unavailable at Port pins.
1: SPI0 SCK, MISO, MOSI, and NSS routed to 4 Port pins.

Bit0: SMB0EN: SMBus0 Bus I/O Enable Bit.
0: SMBus0 I/O unavailable at Port pins.
1: SMBus0 SDA and SCL routed to 2 Port pins.

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

CP0E ECI0E PCA0ME UART0EN SPI0EN SMB0EN 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xE1
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Figure 17.9. XBR2: Port I/O Crossbar Register 2

Bit7: WEAKPUD: Weak Pull-Up Disable Bit.
0: Weak pull-ups globally enabled.
1: Weak pull-ups globally disabled.

Bit6: XBARE: Crossbar Enable Bit.
0: Crossbar disabled. All pins on Ports 0, 1, 2, and 3, are forced to Input mode.
1: Crossbar enabled.

Bit5: UNUSED. Read = 0, Write = don't care.
Bit4: T4EXE: T4EX Input Enable Bit.

0: T4EX unavailable at Port pin.
1: T4EX routed to Port pin.

Bit3: T4E: T4 Input Enable Bit.
0: T4 unavailable at Port pin.
1: T4 routed to Port pin.

Bit2: UART1E: UART1 I/O Enable Bit.
0: UART1 I/O unavailable at Port pins.
1: UART1 TX and RX routed to 2 Port pins.

Bit1: EMIFLE: External Memory Interface Low-Port Enable Bit.
0: P0.7, P0.6, and P0.5 functions are determined by the Crossbar or the Port latches.
1: If EMI0CF.4 = ‘0’ (External Memory Interface is in Multiplexed mode)

P0.7 (/WR), P0.6 (/RD), and P0.5 (ALE) are ‘skipped’ by the Crossbar and their output
states are determined by the Port latches and the External Memory Interface.

1: If EMI0CF.4 = ‘1’ (External Memory Interface is in Non-multiplexed mode)
P0.7 (/WR) and P0.6 (/RD) are ‘skipped’ by the Crossbar and their output states are
determined by the Port latches and the External Memory Interface.

Bit0: CNVSTE: External Convert Start Input Enable Bit.
0: CNVSTR unavailable at Port pin.
1: CNVSTR routed to Port pin.

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

WEAKPUD XBARE - T4EXE T4E UART1E EMIFLE CNVSTE 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xE3
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20.2. Multiprocessor Communications

Modes 2 and 3 support multiprocessor communication between a master processor and one or more slave processors 
by special use of the ninth data bit and the built-in UART0 address recognition hardware. A master processor begins 
a transfer with an address byte to select one or more target slave devices. 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.

The UART0 address is configured via two SFRs: SADDR0 (Serial Address) and SADEN0 (Serial Address Enable). 
SADEN0 sets the bit mask for the address held in SADDR0: bits set to logic 1 in SADEN0 correspond to bits in 
SADDR0 that are checked against the received address byte; bits set to logic 0 in SADEN0 correspond to “don’t 
care” bits in SADDR0.

Setting the SM20 bit (SCON0.5) configures UART0 such that when a stop bit is received, UART0 will generate an 
interrupt only if the ninth bit is logic 1 (RB80 = 1) and the received data byte matches the UART0 slave address. Fol-
lowing the received address interrupt, the slave should clear its SM20 bit to enable interrupts on the reception of the 
following data byte(s). Once the entire message is received, the addressed slave should reset its SM20 bit to ignore all 
transmissions until it receives the next address byte. While SM20 is logic 1, UART0 ignores all bytes that do not 
match the UART0 address and include a ninth bit that is logic 1.

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 broadcast address is the logi-
cal OR of registers SADDR0 and SADEN0, and ‘0’s of the result are treated as “don’t cares”. Typically a broadcast 
address of 0xFF (hexadecimal) is acknowledged by all slaves, assuming “don’t care” bits as ‘1’s. The master proces-
sor 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).

Example 1 Example 2 Example 3
SADDR0 = 00110101 SADDR0 = 00110101 SADDR0 = 00110101
SADEN0 = 00001111 SADEN0 = 11110011 SADEN0 = 11000000

UART0 Address = xxxx0101 UART0 Address = 0011xx01 UART0 Address = 00xxxxxx

Figure 20.7. UART Multi-Processor Mode Interconnect Diagram
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22.1.1. Mode 0: 16-bit Counter/Timer with Capture

In this mode, Timer 2 operates as a 16-bit counter/timer with capture facility. A high-to-low transition on the T2EX 
input pin causes the following to occur:

1. The 16-bit value in Timer 2 (TH2, TL2) is loaded into the capture registers (RCAP2H, RCAP2L).
2. The Timer 2 External Flag (EXF2) is set to ‘1’.
3. A Timer 2 interrupt is generated if enabled.

Timer 2 can use either SYSCLK, SYSCLK divided by 12, or high-to-low transitions on the T2 input pin as its clock 
source when operating in Capture mode. Clearing the C/T2 bit (T2CON.1) selects the system clock as the input for 
the timer (divided by one or twelve as specified by the Timer Clock Select bit T2M in CKCON). When C/T2 is set to 
logic 1, a high-to-low transition at the T2 input pin increments the counter/timer register. As the 16-bit counter/timer 
register increments and overflows from 0xFFFF to 0x0000, the TF2 timer overflow flag (T2CON.7) is set and an 
interrupt will occur if the interrupt is enabled.

Counter/Timer with Capture mode is selected by setting the Capture/Reload Select bit CP/RL2 (T2CON.0) and the 
Timer 2 Run Control bit TR2 (T2CON.2) to logic 1. The Timer 2 External Enable EXEN2 (T2CON.3) must also be 
set to logic 1 to enable a capture.   If EXEN2 is cleared, transitions on T2EX will be ignored.

Figure 22.11. T2 Mode 0 Block Diagram
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Bit7: TF2: Timer 2 Overflow Flag.
Set by hardware when Timer 2 overflows. When the Timer 2 interrupt is enabled, setting this bit 
causes the CPU to vector to the Timer 2 interrupt service routine. This bit is not automatically cleared 
by hardware and must be cleared by software. TF2 will not be set when RCLK0 and/or TCLK0 are 
logic 1.

Bit6: EXF2: Timer 2 External Flag. 
Set by hardware when either a capture or reload is caused by a high-to-low transition on the T2EX 
input pin and EXEN2 is logic 1. When the Timer 2 interrupt is enabled, setting this bit causes the 
CPU to vector to the Timer 2 Interrupt service routine. This bit is not automatically cleared by hard-
ware and must be cleared by software. 

Bit5: RCLK0: Receive Clock Flag for UART0.
Selects which timer is used for the UART0 receive clock in modes 1 or 3.
0: Timer 1 overflows used for receive clock.
1: Timer 2 overflows used for receive clock.

Bit4: TCLK0: Transmit Clock Flag for UART0. 
Selects which timer is used for the UART0 transmit clock in modes 1 or 3.
0: Timer 1 overflows used for transmit clock.
1: Timer 2 overflows used for transmit clock.

Bit3: EXEN2: Timer 2 External Enable. 
Enables high-to-low transitions on T2EX to trigger captures or reloads when Timer 2 is not operating 
in Baud Rate Generator mode. 
0: High-to-low transitions on T2EX ignored.
1: High-to-low transitions on T2EX cause a capture or reload.

Bit2: TR2: Timer 2 Run Control. 
This bit enables/disables Timer 2. 
0: Timer 2 disabled.
1: Timer 2 enabled.

Bit1: C/T2: Counter/Timer Select. 
0: Timer Function: Timer 2 incremented by clock defined by T2M (CKCON.5).
1: Counter Function: Timer 2 incremented by high-to-low transitions on external input pin (T2).

Bit0: CP/RL2: Capture/Reload Select. 
This bit selects whether Timer 2 functions in capture or auto-reload mode. EXEN2 must be logic 1 for 
high-to-low transitions on T2EX to be recognized and used to trigger captures or reloads.   If RCLK0 
or TCLK0 is set, this bit is ignored and Timer 2 will function in auto-reload mode.
0: Auto-reload on Timer 2 overflow or high-to-low transition at T2EX (EXEN2 = 1). 
1: Capture on high-to-low transition at T2EX (EXEN2 = 1). 

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

TF2 EXF2 RCLK0 TCLK0 EXEN2 TR2 C/T2 CP/RL2 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xC8

Figure 22.14. T2CON: Timer 2 Control Register
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23.2.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated CEXn pin. 
The capture/compare module high byte holds the number of PCA clocks to count before the output is toggled. The 
frequency of the square wave is then defined by Equation 23.1. 

Note: A value of 0x00 in the PCA0CPHn register is equal to 256 for this equation.

Where FPCA is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register, PCA0MD. The 

lower byte of the capture/compare module is compared to the PCA0 counter low byte; on a match, CEXn is toggled 
and the offset held in the high byte is added to the matched value in PCA0CPLn. Frequency Output Mode is enabled 
by setting the ECOMn, TOGn, and PWMn bits in the PCA0CPMn register.

Equation 23.1. Square Wave Frequency Output
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Figure 23.7. PCA Frequency Output Mode


