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Welcome to E-XFL.COM

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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PIC16(L)F722/3/4/6/7
FIGURE 2-6: PIC16F726/LF726 AND PIC16F72 7/LF727 SPECIAL FUNCTION REGISTERS    
  

Legend: = Unimplemented data memory locations, read as �0�, 
* = Not a physical register

Note 1: PORTD, TRISD, ANSELD and ANSELE are not implemented on the PIC16F726/LF726, read as �0�

File Address

Indirect addr.(*) 00h Indirect addr.(*) 80h Indirect addr.(*) 100h Indirect addr.(*) 180h
TMR0 01h OPTION 81h TMR0 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h

STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h

PORTA 05h TRISA 85h 105h ANSELA 185h
PORTB 06h TRISB 86h 106h ANSELB 186h
PORTC 07h TRISC 87h 107h 187h

PORTD(1) 08h TRISD(1) 88h CPSCON0 108h ANSELD(1) 188h

PORTE 09h TRISE 89h CPSCON1 109h ANSELE(1) 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh

PIR1 0Ch PIE1 8Ch PMDATL 10Ch PMCON1 18Ch
PIR2 0Dh PIE2 8Dh PMADRL 10Dh Reserved 18Dh

TMR1L 0Eh PCON 8Eh PMDATH 10Eh Reserved 18Eh
TMR1H 0Fh T1GCON 8Fh PMADRH 10Fh Reserved 18Fh
T1CON 10h OSCCON 90h

General
Purpose
Register
16 Bytes

110h

General
Purpose
Register
16 Bytes

190h
TMR2 11h OSCTUNE 91h 111h 191h

T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD/SSPMSK 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPR1L 15h WPUB 95h 115h 195h
CCPR1H 16h IOCB 96h 116h 196h

CCP1CON 17h 97h 117h 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 19h SPBRG 99h 119h 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch APFCON 9Ch 11Ch 19Ch

CCP2CON 1Dh FVRCON 9Dh 11Dh 19Dh

ADRES 1Eh 9Eh 11Eh 19Eh
ADCON0 1Fh ADCON1 9Fh 11Fh 19Fh

General
Purpose
Register
96 Bytes

20h

7Fh

General
Purpose
Register
80 Bytes

A0h

EFh

General
Purpose
Register
80 Bytes

120h

16Fh

General
Purpose
Register
80 Bytes

1A0h

1EFh

Accesses
70h-7Fh

F0h

FFh

Accesses
70h-7Fh

170h

17Fh

Accesses
70h-7Fh

1F0h

1FFh

Bank 0 Bank 1 Bank 2 Bank 3
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FIGURE 6-5: BLO CK DIAGRAM OF RA6

FIGURE 6-6: BLO CK DIAGRAM OF RA7
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GISTER 6-5: PORTB: PORTB REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0

t 7 bit 0

gend:
 = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
 = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

t 7-0 RB<7:0> : PORTB I/O Pin bit
1 = Port pin is > VIH
0 = Port pin is < VIL

GISTER 6-6: TRISB: PO RTB TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0

t 7 bit 0

gend:
 = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
 = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

t 7-0 TRISB<7:0>:  PORTB Tri-State Control bit
1 = PORTB pin configured as an input (tri-stated)
0 = PORTB pin configured as an output
40001341F-page 60 �⁄  2007-2015 Microchip Technology Inc.
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REGISTER 6-7: WPUB: WEAK PULL-UP PORTB REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUB0

bit 7 bit 

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
-n = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

bit 7-0 WPUB<7:0> : Weak Pull-up Register bits
1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global RBPU bit of the OPTION register must be cleared for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is in configured as an output.

REGISTER 6-8: IOCB: INTERRUP T-ON-CHANGE PORTB REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IOCB7 IOCB6 IOCB5 IOCB4 IOCB3 IOCB2 IOCB1 IOCB0

bit 7 bit 

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
-n = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

bit 7-0 IOCB<7:0>:  Interrupt-on-Change PORTB Control bits
1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

REGISTER 6-9: ANSELB: PORTB ANALOG SELECT REGISTER

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
� � ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSB0

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
-n = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

bit 7-6 Unimplemented: Read as �0�
bit 5-0 ANSB<5:0> : Analog Select between Analog or Digital Function on Pins RB<5:0>, respectively

0 = Digital I/O. Pin is assigned to port or Digital special function.
1 = Analog input. Pin is assigned as analog input(1). Digital Input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to 
allow external control of the voltage on the pin.
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DS

FIG
URE 6-8: BLOCK DI AGRAM OF RB4, RB<2:1>
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FIGURE 6-9: BLO CK DIAGRAM OF RB3
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is
6.4.1 RC0/T1OSO/T1CKI
Figure 6-13 shows the diagram for this pin. This pin is
configurable to function as one of the following:

� a general purpose I/O
� a Timer1 oscillator output
� a Timer1 clock input

6.4.2 RC1/T1OSI/CCP2
Figure 6-14 shows the diagram for this pin. This pin is
configurable to function as one of the following:

� a general purpose I/O
� a Timer1 oscillator input
� a Capture 2 input, Compare 2 output, and PWM2 

output

6.4.3 RC2/CCP1
Figure 6-15 shows the diagram for this pin. This pin is
configurable to function as one of the following:

� a general purpose I/O
� a Capture 1 input, Compare 1 output, and PWM1 

output

6.4.4 RC3/SCK/SCL
Figure 6-16 shows the diagram for this pin. This pin is
configurable to function as one of the following:

� a general purpose I/O
� a SPI clock
� an I2C clock

6.4.5 RC4/SDI/SDA
Figure 6-17 shows the diagram for this pin. This pin is
configurable to function as one of the following:

� a general purpose I/O
� a SPI data input
� an I2C data I/O

6.4.6 RC5/SDO
Figure 6-18 shows the diagram for this pin. This pin is
configurable to function as one of the following:

� a general purpose I/O
� a SPI data output

6.4.7 RC6/TX/CK
Figure 6-19 shows the diagram for this pin. This pin is
configurable to function as one of the following:

� a general purpose I/O
� an asynchronous serial output
� a synchronous clock I/O

6.4.8 RC7/RX/DT
Figure 6-20 shows the diagram for this pin. This pin 
configurable to function as one of the following:

� a general purpose I/O
� an asynchronous serial input
� a synchronous serial data I/O

Note: CCP2 pin location may be selected as
RB3 or RC1.
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6.5 PORTD and TRISD Registers

PORTD is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISD
(Register 6-13). Setting a TRISD bit (= 1) will make the
corresponding PORTD pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISD bit (= 0) will make the corresponding
PORTD pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 6-4 shows how to initialize PORTD.

Reading the PORTD register (Register 6-12) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch.

The TRISD register (Register 6-13) controls the
PORTD pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISD register are maintained set when using
them as analog inputs. I/O pins configured as analog
input always read �0�.

EXAMPLE 6-4: INITIALIZING PORTD

6.5.1 ANSELD REGISTER
The ANSELD register (Register 6-9) is used 
configure the Input mode of an I/O pin to analo
Setting the appropriate ANSELD bit high will cause 
digital reads on the pin to be read as �0� and allo
analog functions on the pin to operate correctly.

The state of the ANSELD bits has no affect on digit
output functions. A pin with TRIS clear and ANSEL s
will still operate as a digital output, but the Input mod
will be analog. This can cause unexpected behavi
when executing read-modify-write instructions on th
affected port.

Note: PORTD is available on PIC16F724/LF724
and PIC16F727/LF727 only.

Note: The ANSELD register must be initialize
to configure an analog channel as a digita
input. Pins configured as analog input
will read �0�.

BANKSEL PORTD ;
CLRF PORTD ;Init PORTD
BANKSEL ANSELD
CLRF ANSELD ;Make PORTD digital
BANKSEL TRISD ;
MOVLW B�00001100� ;Set RD<3:2> as inputs
MOVWF TRISD ;and set RD<7:4,1:0>

;as outputs

REGISTER 6-12: PORTD: PORTD REGISTER(1)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0

bit 7 bit 

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
-n = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

bit 7-0 RD<7:0>: PORTD General Purpose I/O Pin bits
1 = Port pin is > VIH
0 = Port pin is < VIL

Note 1: PORTD is not implemented on PIC16F722/723/726/PIC16LF722/723/726 devices, read as �0�.
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REGISTER 15-1: CCPxCON: CCPx CONTROL REGISTER

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
� � DCxB1 DCxB0 CCPxM3 CCPxM2 CCPxM1 CCPxM0

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as �0�
-n = Value at POR �1� = Bit is set �0� = Bit is cleared x = Bit is unknown

bit 7-6 Unimplemented:  Read as �0�
bit 5-4 DCxB<1:0> : PWM Duty Cycle Least Significant bits

Capture mode: 
Unused
Compare mode: 
Unused
PWM mode: 
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

bit 3-0 CCPxM<3:0>:  CCP Mode Select bits
0000  = Capture/Compare/PWM off (resets CCP module)
0001  = Unused (reserved)
0010  = Compare mode, toggle output on match (CCPxIF bit of the PIRx register is set)
0011  = Unused (reserved)
0100  = Capture mode, every falling edge
0101  = Capture mode, every rising edge
0110  = Capture mode, every 4th rising edge
0111  = Capture mode, every 16th rising edge
1000  = Compare mode, set output on match (CCPxIF bit of the PIRx register is set)
1001  = Compare mode, clear output on match (CCPxIF bit of the PIRx register is set)
1010  = Compare mode, generate software interrupt on match (CCPxIF bit is set of the PIRx register

CCPx pin is unaffected)
1011  = Compare mode, trigger special event (CCPxIF bit of the PIRx register is set, TMR1 is rese

and A/D conversion(1) is started if the ADC module is enabled. CCPx pin is unaffected.)
11xx  = PWM mode.

Note 1: A/D conversion start feature is available only on CCP2.
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.3.2 SYNCHRONOUS SLAVE MODE

e following bits are used to configure the AUSART
 Synchronous slave operation:

YNC = 1
SRC = 0
REN = 0 (for transmit); SREN = 1 (for receive)

REN = 0 (for transmit); CREN = 1 (for receive)

PEN = 1

tting the SYNC bit of the TXSTA register configures the
vice for synchronous operation. Clearing the CSRC bit
the TXSTA register configures the device as a slave.
aring the SREN and CREN bits of the RCSTA register

sures that the device is in the Transmit mode,
erwise the device will be configured to receive. Setting
 SPEN bit of the RCSTA register enables the
SART.

.3.2.1 AUSART Synchronous Slave 
Transmit

e operation of the Synchronous Master and Slave
des are identical (refer to Section 16.3.1.2
ynchronous Master Transmission”), except in the
se of the Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in TXREG register.

3. The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

16.3.2.2 Synchronous Slave Transmission 
Setup:

1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the CREN and SREN bits.

3. If using interrupts, ensure that the GIE and PEIE
bits of the INTCON register are set and set the
TXIE bit.

4. If 9-bit transmission is desired, set the TX9 bit.

5. Enable transmission by setting the TXEN bit.

6. Verify address detection is disabled by clearing
the ADDEN bit of the RCSTA register.

7. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

8. Start transmission by writing the Least
Significant eight bits to the TXREG register.

BLE 16-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION 

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 

POR, BOR

Value on 
all other 
Resets

TCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000x

E1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

R1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000X 0000 000X

ISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 1111 1111 1111 1111

REG AUSART Transmit Data Register 0000 0000 0000 0000

STA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 0000 -010

gend: x  = unknown, -  = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Slave Transmission.
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17.2.6 TRANSMISSION

When the R/W bit of the received address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set and the slave will respond to
the master by reading out data. After the address match,
an ACK pulse is generated by the slave hardware and
the SCL pin is held low (clock is automatically stretched)
until the slave is ready to respond. See Section 17.2.7
“Clock Stretching”. The data the slave will transmit
must be loaded into the SSPBUF register, which sets
the BF bit. The SCL line is released by setting the CKP
bit of the SSPCON register.

An SSP interrupt is generated for each transferred data
byte. The SSPIF flag bit of the PIR1 register initiates an
SSP interrupt, and must be cleared by software before
the next byte is transmitted. The BF bit of the SSPSTAT
register is cleared on the falling edge of the eighth
received clock pulse. The SSPIF flag bit is set on the
falling edge of the ninth clock pulse. 

Following the eighth falling clock edge, control of the
SDA line is released back to the master so that the
master can acknowledge or not acknowledge the
response. If the master sends a not acknowledge, the
slave’s transmission is complete and the slave must
monitor for the next Start condition. If the master
acknowledges, control of the bus is returned to the
slave to transmit another byte of data. Just as with the
previous byte, the clock is stretched by the slave, data
must be loaded into the SSPBUF and CKP must be set
to release the clock line (SCL).

FIGURE 17-12: I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
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22.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers. 

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool. 

22.7 MPLAB REAL ICE In-Circuit 
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CAT5). 

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

22.8 MPLAB ICD 3 In-Circuit Debugger 
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

22.9 PICkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the tar-
get via a Microchip debug (RJ-11) connector (compati-
ble with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

22.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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FIGURE 24-41: PIC16F722/3/4/6/7 T1OSC 32 KHZ IPD vs. VDD, VCAP = 0.1 µF

FIGURE 24-42: PIC16LF722/3/4/6/7 T1OSC 32 kHz I PD vs. VDD
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