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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

Details

Product Status Obsolete

Core Processor PIC

Core Size 8-Bit

Speed 20MHz

Connectivity I²C, SPI, UART/USART

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 33

Program Memory Size 7KB (4K x 14)

Program Memory Type FLASH

EEPROM Size -

RAM Size 192 x 8

Voltage - Supply (Vcc/Vdd) 2V ~ 5.5V

Data Converters A/D 8x8b

Oscillator Type External

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 44-TQFP

Supplier Device Package 44-TQFP (10x10)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/pic16lf74-i-ptg

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/pic16lf74-i-ptg-4427030
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


PIC16F7X
Pin Diagrams (Continued)
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PIC16F7X
2.0 MEMORY ORGANIZATION

There are two memory blocks in each of these
PICmicro® MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
Program Memory can be read internally by user code
(see Section 3.0). 

Additional information on device memory may be found
in the PICmicro Mid-Range Reference Manual
(DS33023).

2.1 Program Memory Organization

The PIC16F7X devices have a 13-bit program counter
capable of addressing an 8K word x 14-bit program
memory space. The PIC16F77/76 devices have
8K words of FLASH program memory and the
PIC16F73/74 devices have 4K words. The program
memory maps for PIC16F7X devices are shown in
Figure 2-1. Accessing a location above the physically
implemented address will cause a wraparound. 

The RESET Vector is at 0000h and the Interrupt Vector
is at 0004h.

2.2 Data Memory Organization

The Data Memory is partitioned into multiple banks,
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RP0 (STATUS<5>) are the bank select bits: 

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

2.2.1 GENERAL PURPOSE REGISTER 
FILE

The register file (shown in Figure 2-2 and Figure 2-3)
can be accessed either directly, or indirectly, through
the File Select Register FSR. 

FIGURE 2-1: PROGRAM MEMORY MAPS AND STACKS FOR PIC16F7X DEVICES
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PIC16F7X
FIGURE 2-2: PIC16F77/76 REGISTER FILE MAP 
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20h A0h

7Fh FFh
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 Unimplemented data memory locations, read as ’0’.
 * Not a physical register.

Note 1: These registers are not implemented on 28-pin devices.
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PIC16F7X

 

   Bank 1

80h(4) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27, 96

81h OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 20, 44, 96

82h(4) PCL Program Counter’s (PC) Least Significant Byte 0000 0000 26, 96

83h(4) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 19, 96

84h(4) FSR Indirect data memory address pointer xxxx xxxx 27, 96

85h TRISA — — PORTA Data Direction Register --11 1111 32, 96

86h TRISB PORTB Data Direction Register 1111 1111 34, 96

87h TRISC PORTC Data Direction Register 1111 1111 35, 96

88h(5) TRISD PORTD Data Direction Register 1111 1111 36, 96

89h(5) TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction Bits 0000 -111 38, 96

8Ah(1,4) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 21, 96

8Bh(4) INTCON GIE PEIE TMR0IE INTE RBIE TMR0IF INTF RBIF 0000 000x 23, 96

8Ch PIE1 PSPIE(3) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 22, 96

8Dh PIE2 — — — — — — — CCP2IE ---- ---0 24, 97

8Eh PCON — — — — — — POR BOR ---- --qq 25, 97

8Fh — Unimplemented — —

90h — Unimplemented — —

91h — Unimplemented — —

92h PR2 Timer2 Period Register 1111 1111 52, 97

93h SSPADD Synchronous Serial Port (I2C mode) Address Register 0000 0000 68, 97

94h SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000 60, 97

95h — Unimplemented — —

96h — Unimplemented — —

97h — Unimplemented — —

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 69, 97

99h SPBRG Baud Rate Generator Register 0000 0000 71, 97

9Ah — Unimplemented —

9Bh — Unimplemented —

9Ch — Unimplemented —

9Dh — Unimplemented —

9Eh — Unimplemented —

9Fh ADCON1 — — — — — PCFG2 PCFG1 PCFG0 ---- -000 84, 97

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY  (CONTINUED)

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

POR,
BOR

Details
on page

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as '0', r = reserved. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose 
contents are transferred to the upper byte of the program counter during branches (CALL or GOTO).

2: Other (non power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
4: These registers can be addressed from any bank.
5: PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0’.
6: This bit always reads as a ‘1’.
 2002 Microchip Technology Inc. DS30325B-page 17



PIC16F7X
4.0 I/O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose I/O pin.

Additional information on I/O ports may be found in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).

4.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= ‘1’) will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISA bit (= ‘0’) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register 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, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/T0CKI pin. The RA4/T0CKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCON1 register (A/D Control Register1).   

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set, when using them as analog inputs. 

EXAMPLE 4-1: INITIALIZING PORTA

FIGURE 4-1: BLOCK DIAGRAM OF 
RA3:RA0 AND RA5 PINS 

FIGURE 4-2: BLOCK DIAGRAM OF 
RA4/T0CKI PIN    

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

BCF STATUS, RP0 ;
BCF STATUS, RP1 ; Bank0
CLRF PORTA ; Initialize PORTA by

; clearing output
; data latches

BSF STATUS, RP0 ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to 

; initialize data 
; direction

MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as ’0’.

Data Bus

P

N

WR Port

WR TRIS

RD TRIS

RD PORT

VSS

VDD

I/O pin(1)

Note 1: I/O pins have protection diodes to VDD and VSS.

Analog
Input
Mode

TTL
Input
Buffer

To A/D Converter

EN

Q D

EN

Data Latch

TRIS Latch

QD

QCK

QD

QCK

Data Bus

WR PORT

WR TRIS

RD PORT

Data Latch

TRIS Latch

RD TRIS

Schmitt
Trigger
Input
Buffer

N

VSS

I/O pin(1)

TMR0 Clock Input

QD

QCK

QD

QCK

EN

Q D

EN

Note 1: I/O pin has protection diodes to VSS only.
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PIC16F7X
6.1 Timer1 Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the
timer is FOSC/4. The synchronize control bit T1SYNC
(T1CON<2>) has no effect, since the internal clock is
always in sync.

6.2 Timer1 Counter Operation

Timer1 may operate in Asynchronous or Synchronous
mode, depending on the setting of the TMR1CS bit.

When Timer1 is being incremented via an external
source, increments occur on a rising edge. After Timer1
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

FIGURE 6-1: TIMER1 INCREMENTING EDGE  

6.3 Timer1 Operation in Synchronized 
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T1OSI/CCP2, when bit
T1OSCEN is set, or on pin RC0/T1OSO/T1CKI, when
bit T1OSCEN is cleared.

If T1SYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler stage is an asynchronous ripple counter.

In this configuration, during SLEEP mode, Timer1 will
not increment even if the external clock is present,
since the synchronization circuit is shut-off. The
prescaler, however, will continue to increment.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

T1CKI

(Default high)

T1CKI

(Default low)

Note: Arrows indicate counter increments.

TMR1H TMR1L

T1OSC
T1SYNC

TMR1CS

T1CKPS1:T1CKPS0
Q Clock

T1OSCEN
Enable
Oscillator(1)

FOSC/4
Internal
Clock

TMR1ON
On/Off

Prescaler
1, 2, 4, 8

Synchronize

det

1

0

0

1

Synchronized
Clock Input

2

RC0/T1OSO/T1CKI

RC1/T1OSI/CCP2(2)

Note 1: When the T1OSCEN bit is cleared, the inverter is turned off. This eliminates power drain.

2: For the PIC16F73/76, the Schmitt Trigger is not implemented in External Clock mode.

Set Flag bit
TMR1IF on
Overflow

TMR1

(2)
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PIC16F7X
7.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the PWM mode of the CCP module(s). The TMR2 reg-
ister is readable and writable, and is cleared on any
device RESET.

The input clock (FOSC/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:0>).

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut-off by clearing control bit TMR2ON
(T2CON<2>) to minimize power consumption.

Register 7-1 shows the Timer2 control register.

Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

7.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs: 

• a write to the TMR2 register

• a write to the T2CON register
• any device RESET (POR, MCLR Reset, WDT 

Reset or BOR)

TMR2 is not cleared when T2CON is written.

7.2 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
SSP module, which optionally uses it to generate shift
clock.

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

Comparator

TMR2
Sets Flag

TMR2 reg

Output(1)

Reset

Postscaler

Prescaler

PR2 reg

2

FOSC/4
1:1, 1:4, 1:16

EQ

4

bit TMR2IF

Note 1: TMR2 register output can be software selected by the 
SSP module as a baud clock.

1:1 to 1:16

T2OUTPS3:
T2OUTPS0

T2CKPS1:
T2CKPS0
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PIC16F7X
11.0 ANALOG-TO-DIGITAL 
CONVERTER (A/D) MODULE

The 8-bit analog-to-digital (A/D) converter module has
five inputs for the PIC16F73/76 and eight for the
PIC16F74/77.

The A/D allows conversion of an analog input signal to
a corresponding 8-bit digital number. The output of the
sample and hold is the input into the converter, which
generates the result via successive approximation. The
analog reference voltage is software selectable to
either the device’s positive supply voltage (VDD), or the
voltage level on the RA3/AN3/VREF pin. 

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The A/D module has three registers. These registers
are:

• A/D Result Register ((ADRES)
• A/D Control Register 0 (ADCON0)

• A/D Control Register 1 ((ADCON1)

The ADCON0 register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be a voltage reference),
or as digital I/O.

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023) and in Application Note,
AN546 (DS00546).

REGISTER 11-1: ADCON0 REGISTER (ADDRESS 1Fh)              

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0

ADCS1 ADCS0 CHS2 CHS1 CHS0 GO/DONE — ADON

bit 7 bit 0

bit 7-6 ADCS1:ADCS0: A/D Conversion Clock Select bits
00 = FOSC/2
01 = FOSC/8
10 = FOSC/32
11 = FRC (clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS2:CHS0: Analog Channel Select bits
000 = Channel 0 (RA0/AN0)
001 = Channel 1 (RA1/AN1)
010 = Channel 2 (RA2/AN2)
011 = Channel 3 (RA3/AN3)
100 = Channel 4 (RA5/AN4)
101 = Channel 5 (RE0/AN5)(1)

110 = Channel 6 (RE1/AN6)(1)

111 = Channel 7 (RE2/AN7)(1)

bit 2 GO/DONE: A/D Conversion Status bit

If ADON = 1:
1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the 

A/D conversion is complete)

bit 1 Unimplemented: Read as '0'

bit 0 ADON: A/D On bit
1 = A/D converter module is operating
0 = A/D converter module is shut-off and consumes no operating current

Note 1: A/D channels 5, 6 and 7 are implemented on the PIC16F74/77 only.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR reset ’1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown
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PIC16F7X
REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)              

U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0

— — — — — PCFG2 PCFG1 PCFG0

bit 7 bit 0

bit 7-3 Unimplemented: Read as '0'

bit 2-0 PCFG2:PCFG0: A/D Port Configuration Control bits

Note 1: RE0, RE1 and RE2 are implemented on the PIC16F74/77 only.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR reset ’1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown

A = Analog input
D = Digital I/O

PCFG2:PCFG0 RA0 RA1 RA2 RA5 RA3 RE0(1) RE1(1) RE2(1) VREF

000 A A A A A A A A VDD

001 A A A A VREF A A A RA3

010 A A A A A D D D VDD

011 A A A A VREF D D D RA3
100 A A D D A D D D VDD

101 A A D D VREF D D D RA3
11x D D D D D D D D VDD
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PIC16F7X
11.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (RS) and the internal sampling switch (RSS)
impedance directly affect the time required to charge
the capacitor CHOLD. The sampling switch (RSS)
impedance varies over the device voltage (VDD), see
Figure 11-2. The source impedance affects the offset
voltage at the analog input (due to pin leakage current). 

The maximum recommended impedance for ana-
log sources is 10 kΩ. After the analog input channel is
selected (changed), the acquisition period must pass
before the conversion can be started.

To calculate the minimum acquisition time, TACQ, see
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023). In general, however, given a max-
imum source impedance of 10 kΩ and at a temperature
of 100°C, TACQ will be no more than 16 µsec. 

FIGURE 11-2: ANALOG INPUT MODEL

TABLE 11-1: TAD vs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))     

CPINVA

RS ANx

5 pF

VDD

VT = 0.6V

VT = 0.6V I leakage

RIC ≤ 1k

Sampling
Switch

SS RSS

CHOLD
= DAC Capacitance

VSS

6V

Sampling Switch

5V
4V
3V
2V

5 6 7 8 9 10 11

(kΩ)

VDD

= 51.2 pF± 500 nA

Legend CPIN

VT

I leakage

RIC

SS
CHOLD

= input capacitance

= threshold voltage

= leakage current at the pin due to

= interconnect resistance

= sampling switch

= sample/hold capacitance (from DAC)

various junctions

AD Clock Source (TAD) Maximum Device Frequency

Operation ADCS1:ADCS0 Max.

2TOSC 00 1.25 MHz

8TOSC 01 5 MHz

32TOSC 10 20 MHz

RC(1, 2, 3) 11 (Note 1)

Note 1: The RC source has a typical TAD time of 4 µs but can vary between 2-6 µs.
2: When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only 

recommended for SLEEP operation. 
3: For extended voltage devices (LC), please refer to the Electrical Specifications section.
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PIC16F7X
FIGURE 12-12: WAKE-UP FROM SLEEP THROUGH INTERRUPT

12.15 Program Verification/Code 
Protection

If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

12.16 ID Locations

Four memory locations (2000h - 2003h) are designated
as ID locations, where the user can store checksum or
other code identification numbers. These locations are
not accessible during normal execution, but are read-
able and writable during program/verify. It is recom-
mended that only the 4 Least Significant bits of the ID
location are used.

12.17 In-Circuit Serial Programming

PIC16F7X microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done, with two lines for clock and data and three
other lines for power, ground, and the programming
voltage (see Figure 12-13 for an example). This allows
customers to manufacture boards with unprogrammed
devices, and then program the microcontroller just
before shipping the product. This also allows the most
recent firmware or a custom firmware to be pro-
grammed.

For general information of serial programming, please
refer to the In-Circuit Serial Programming (ICSP™)
Guide (DS30277). For specific details on programming
commands and operations for the PIC16F7X devices,
please refer to the latest version of the PIC16F7X
FLASH Program Memory Programming Specification
(DS30324).

FIGURE 12-13: TYPICAL IN-CIRCUIT 
SERIAL PROGRAMMING 
CONNECTION

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1

CLKOUT(4)

INT pin

INTF Flag
(INTCON<1>)

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

PC

Instruction
Fetched
Instruction
Executed

PC PC+1 PC+2

Inst(PC) = SLEEP

Inst(PC - 1)

Inst(PC + 1)

SLEEP

Processor in

SLEEP

Interrupt Latency
(Note 2)

Inst(PC + 2)

Inst(PC + 1)

Inst(0004h) Inst(0005h)

Inst(0004h)Dummy cycle

PC + 2 0004h 0005h

Dummy cycle

TOST(2)

PC+2

Note 1: XT, HS or LP oscillator mode assumed.
2: TOST = 1024 TOSC (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE = ’1’ assumed. In this case after wake- up, the processor jumps to the interrupt routine. 

If GIE = ’0’, execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

External
Connector
Signals

To Normal
Connections

To Normal
Connections

PIC16F7X

VDD

VSS

MCLR/VPP

RB6

RB7

+5V

0V

VPP

CLK

Data I/O

VDD

* * *

*

* Isolation devices (as required).
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PIC16F7X
TABLE 14-1: DEVELOPMENT TOOLS FROM MICROCHIP

PIC12CXXX

PIC14000

PIC16C5X

PIC16C6X

PIC16CXXX

PIC16F62X

PIC16C7X

PIC16C7XX

PIC16C8X

PIC16F8XX

PIC16C9XX

PIC17C4X

PIC17C7XX

PIC18CXX2

PIC18FXXX

24CXX/
25CXX/
93CXX

HCSXXX

MCRFXXX

MCP2510
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PIC16F7X
VOL Output Low Voltage

D080 I/O ports — — 0.6 V IOL = 8.5 mA, VDD = 4.5V, 
-40°C to +125°C

D083 OSC2/CLKOUT (RC osc config) —

—

—

—

0.6

0.6

V

V

IOL = 1.6 mA, VDD = 4.5V, 
-40°C to +125°C
IOL = 1.2 mA, VDD = 4.5V, 
-40°C to +125°C

VOH Output High Voltage

D090 I/O ports (Note 3) VDD - 0.7 — — V IOH = -3.0 mA, VDD = 4.5V, 
-40°C to +125°C

D092 OSC2/CLKOUT (RC osc config) VDD - 0.7

VDD - 0.7

—

—

—

—

V

V

IOH = -1.3 mA, VDD = 4.5V, 
-40°C to +125°C
IOH = -1.0 mA, VDD = 4.5V, 
-40°C to +125°C

D150* VOD Open Drain High Voltage — — 12 V RA4 pin

Capacitive Loading Specs on Output Pins

D100 COSC2 OSC2 pin — — 15 pF In XT, HS and LP modes when 
external clock is used to drive 
OSC1

D101 CIO All I/O pins and OSC2
(in RC mode)

— — 50 pF

D102 CB SCL, SDA in I2C mode — — 400 pF

Program FLASH Memory

D130 EP Endurance 100 1000 — E/W 25°C at 5V

D131 VPR VDD for Read 2.0 — 5.5 V

15.2 DC Characteristics: PIC16F73/74/76/77 (Industrial, Extended)
PIC16LF73/74/76/77 (Industrial)  (Continued)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 

-40°C ≤ TA ≤ +125°C for extended
Operating voltage VDD range as described in DC Specification, 
Section 15.1.

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

* These parameters are characterized but not tested.
† Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC16F7X be driven with external clock in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages.

3: Negative current is defined as current sourced by the pin.
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PIC16F7X
FIGURE 15-5: CLKOUT AND I/O TIMING

TABLE 15-2: CLKOUT AND I/O TIMING REQUIREMENTS

Note: Refer to Figure 15-3 for load conditions.

OSC1

CLKOUT

I/O Pin
(Input)

I/O Pin
(Output)

Q4 Q1 Q2 Q3

10

13
14

17

20, 21

19 18

15

11

12
16

Old Value New Value

Param
No.

Symbol Characteristic Min Typ† Max Units Conditions

10* TosH2ckL OSC1↑ to CLKOUT↓ — 75 200 ns (Note 1)

11* TosH2ckH OSC1↑ to CLKOUT↑ — 75 200 ns (Note 1)

12* TckR CLKOUT rise time — 35 100 ns (Note 1)

13* TckF CLKOUT fall time — 35 100 ns (Note 1)

14* TckL2ioV CLKOUT↓ to Port out valid — — 0.5TCY + 20 ns (Note 1)

15* TioV2ckH Port in valid before CLKOUT↑ TOSC + 200 — — ns (Note 1)

16* TckH2ioI Port in hold after CLKOUT↑ 0 — — ns (Note 1)

17* TosH2ioV OSC1↑ (Q1 cycle) to Port out valid — 100 255 ns

18* TosH2ioI OSC1↑ (Q2 cycle) to 
Port input invalid (I/O in 
hold time)

Standard (F) 100 — — ns

Extended (LF) 200 — — ns

19* TioV2osH Port input valid to OSC1↑ (I/O in setup time) 0 — — ns

20* TioR Port output rise time Standard (F) — 10 40 ns

Extended (LF) — — 145 ns

21* TioF Port output fall time Standard (F) — 10 40 ns

Extended (LF) — — 145 ns

22††* Tinp INT pin high or low time TCY — — ns

23††* Trbp RB7:RB4 change INT high or low time TCY — — ns

* These parameters are characterized but not tested.
† Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 

not tested.
†† These parameters are asynchronous events, not related to any internal clock edges.

Note 1: Measurements are taken in RC mode, where CLKOUT output is 4 x TOSC.
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FIGURE 15-19: A/D CONVERSION TIMING

TABLE 15-13: A/D CONVERSION REQUIREMENTS

131

130

132

BSF ADCON0, GO

Q4

A/D CLK

A/D  DATA

ADRES

ADIF

GO

SAMPLE

OLD_DATA

SAMPLING STOPPED

DONE

NEW_DATA

(TOSC/2)(1)

7 6 5 4 3 2 1 0

Note 1: If the A/D clock source is selected as RC, a time of TCY is added before the A/D clock starts. This allows the SLEEP instruction
to be executed. 

1 TCY

134

Param 
No.

Sym Characteristic Min Typ† Max Units Conditions

130 TAD A/D clock period PIC16F7X 1.6 — — µs TOSC based, VREF ≥ 3.0V

PIC16LF7X 2.0 — — µs TOSC based, 
2.0V ≤ VREF ≤ 5.5V

PIC16F7X 2.0 4.0 6.0 µs A/D RC mode

PIC16LF7X 3.0 6.0 9.0 µs A/D RC mode

131 TCNV Conversion time (not including 
S/H time) (Note 1)

9 — 9 TAD

132 TACQ Acquisition time 5* — — µs The minimum time is the 
amplifier settling time. This 
may be used if the “new” input 
voltage has not changed by 
more than 1 LSb (i.e., 
20.0 mV @ 5.12V) from the 
last sampled voltage (as 
stated on CHOLD).

134 TGO Q4 to A/D clock start — TOSC/2 — — If the A/D clock source is 
selected as RC, a time of TCY 
is added before the A/D clock 
starts. This allows the SLEEP 
instruction to be executed.

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance 

only and are not tested.

Note 1: ADRES register may be read on the following TCY cycle.
2: See Section 11.1 for minimum conditions.
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PIC16F7X
44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

* Controlling Parameter

Notes:
Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 
.010” (0.254mm) per side.
JEDEC Equivalent:  MS-026
Drawing No. C04-076

1.140.890.64.045.035.025CHPin 1 Corner Chamfer

1.00.039(F)Footprint (Reference)

(F)

A

A1 A2

α

E

E1

#leads=n1

p

B

D1 D

n

1
2

φ

c

β
L

Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 44 44
Pitch p .031 0.80

Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § A1 .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75

Foot Angle φ 0 3.5 7 0 3.5 7
Overall Width E .463 .472 .482 11.75 12.00 12.25
Overall Length D .463 .472 .482 11.75 12.00 12.25
Molded Package Width E1 .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10

Pins per Side n1 11 11

Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .012 .015 .017 0.30 0.38 0.44

Mold Draft Angle Top α 5 10 15 5 10 15
Mold Draft Angle Bottom β 5 10 15 5 10 15

CH x 45 °

§ Significant Characteristic
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PIC16F7X
APPENDIX C: CONVERSION 
CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed
in Table C-1.

TABLE C-1: CONVERSION CONSIDERATIONS

Characteristic PIC16C7X PIC16F87X PIC16F7X

Pins 28/40 28/40 28/40

Timers 3 3 3

Interrupts 11 or 12 13 or 14 11 or 12

Communication PSP, USART, SSP 
(SPI, I2C Slave)

PSP, USART, SSP 
(SPI, I2C Master/Slave)

PSP, USART, SSP 
(SPI, I2C Slave)

Frequency 20 MHz 20 MHz 20 MHz

A/D 8-bit 10-bit 8-bit

CCP 2 2 2

Program Memory 4K, 8K EPROM 4K, 8K FLASH 
(1,000 E/W cycles)

4K, 8K FLASH 
(100 E/W cycles typical)

RAM 192, 368 bytes 192, 368 bytes 192, 368 bytes

EEPROM Data None 128, 256 bytes None

Other — In-Circuit Debugger, 
Low Voltage Programming

—

DS30325B-page 162  2002 Microchip Technology Inc.



PIC16F7X
M
Master Clear (MCLR) .................................................... 8, 10

MCLR Reset, Normal Operation ...................93, 95, 96
MCLR Reset, SLEEP ...................................93, 95, 96
Operation and ESD Protection .................................. 94

MCLR/VPP Pin ..................................................................... 8
MCLR/VPP Pin ................................................................... 10
Memory Organization ........................................................ 13

Data Memory ............................................................. 13
Program Memory ....................................................... 13
Program Memory and Stack Maps ............................ 13

MPLAB C17 and MPLAB C18 C Compilers .................... 113
MPLAB ICD In-Circuit Debugger ..................................... 115
MPLAB ICE High Performance Universal In-Circuit 

Emulator with MPLAB IDE ....................................... 114
MPLAB Integrated Development 

Environment Software ............................................. 113
MPLINK Object Linker/MPLIB Object Librarian ............... 114

O
OPCODE Field Descriptions ............................................ 105
OPTION_REG Register ..................................................... 20

INTEDG bit ................................................................ 20
PS2:PS0 bits ............................................................. 20
PSA bit ....................................................................... 20
RBPU bit .................................................................... 20
T0CS bit ..................................................................... 20
T0SE bit ..................................................................... 20

OSC1/CLKI Pin ............................................................. 8, 10
OSC2/CLKO Pin ........................................................... 8, 10
Oscillator Configuration ..................................................... 89
Oscillator Configurations .................................................... 91

Crystal Oscillator/Ceramic Resonators ...................... 91
HS ....................................................................... 91, 95
LP ....................................................................... 91, 95
RC ................................................................91, 92, 95
XT ....................................................................... 91, 95

Oscillator, WDT ................................................................ 101

P
P (STOP) bit ...................................................................... 60
Packaging ........................................................................ 151
Paging, Program Memory .................................................. 26
Parallel Slave Port

Associated Registers ................................................. 41
Parallel Slave Port (PSP) ............................................ 36, 40

RE0/RD/AN5 Pin ................................................ 12, 39
RE1/WR/AN6 Pin ............................................... 12, 39
RE2/CS/AN7 Pin ................................................ 12, 39
Select (PSPMODE bit) ....................................... 36, 37

PCFG0 bit .......................................................................... 84
PCFG1 bit .......................................................................... 84
PCFG2 bit .......................................................................... 84
PCL Register ..................................................................... 26
PCLATH Register .............................................................. 26
PCON Register ........................................................... 25, 95

POR Bit ...................................................................... 25
PICDEM 1 Low Cost PICmicro 

Demonstration Board ............................................... 115
PICDEM 17 Demonstration Board ................................... 116
PICDEM 2 Low Cost PIC16CXX 

Demonstration Board ............................................... 115
PICDEM 3 Low Cost PIC16CXXX 

Demonstration Board ............................................... 116

PICSTART Plus Entry Level 
Development Programmer ...................................... 115

PIE1 Register .................................................................... 22
PIE2 Register .................................................................... 24
Pinout Descriptions

PIC16F73/PIC16F76 ...............................................8–9
PIC16F74/PIC16F77 ...........................................10–12

PIR1 Register .................................................................... 23
PIR2 Register .................................................................... 24
PMADR Register ............................................................... 29
PMADRH Register ............................................................ 29
POP ................................................................................... 26
POR. See Power-on Reset
PORTA ..........................................................................8, 10

Analog Port Pins ...................................................8, 10
Associated Registers ................................................ 32
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PORTA Register ................................................................ 31
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Pull-up Enable (RBPU bit) ......................................... 20
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RB0/INT Pin, External .................................. 9, 11, 100
RB7:RB4 Interrupt-on-Change ................................ 100
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(RBIE bit) ................................................ 100
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(RBIF bit) .................................... 21, 33, 100
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PORTB Register ................................................................ 33
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RC3/SCK/SCL Pin ................................................9, 11
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TRISC Register ......................................................... 35
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PORTD Register ............................................................... 36
PORTE .............................................................................. 12
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Input Buffer Full Status (IBF bit) ................................ 38
Input Buffer Overflow (IBOV bit) ................................ 38
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PIC16F7X
ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connecting to the Microchip Internet Web Site      

The Microchip web site is available by using your
favorite Internet browser to attach to: 

www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to: 

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User’s Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

• Latest Microchip Press Releases
• Technical Support Section with Frequently Asked 

Questions 
• Design Tips
• Device Errata

• Job Postings
• Microchip Consultant Program Member Listing
• Links to other useful web sites related to 

Microchip Products
• Conferences for products, Development Systems, 

technical information and more
• Listing of seminars and events

Systems Information and Upgrade Hot Line 

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are: 

1-800-755-2345 for U.S. and most of Canada, and 

1-480-792-7302 for the rest of the world.

013001
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PIC16F7X PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

 

Sales and Support

PART NO. X /XX XXX

PatternPackageTemperature
Range

Device

   

Device PIC16F7X(1), PIC16F7XT(1); VDD range 4.0V to 5.5V
PIC16LF7X(1), PIC16LF7XT(1); VDD range 2.0V to 5.5V

Temperature Range I =  -40°C to +85°C (Industrial)
E = -40°C to +125°C (Extended)

Package ML = MLF (Micro Lead Frame)
PT = TQFP (Thin Quad Flatpack)
SO = SOIC
SP = Skinny Plastic DIP
P = PDIP 
L = PLCC
SS = SSOP

Pattern QTP, SQTP, Code or Special Requirements 
(blank otherwise)

Examples:

a) PIC16F77-I/P 301 = Industrial temp., PDIP 
package, normal VDD limits, QTP pattern #301.

b) PIC16LF76-I/SO = Industrial temp., SOIC 
package, Extended VDD limits.

c) PIC16F74-E/P = Extended temp., PDIP 
package, normal VDD limits.

Note 1: F =  CMOS FLASH
LF =  Low Power CMOS FLASH

2: T =  in tape and reel - SOIC, PLCC,
    SSOP, TQFP packages only.

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.


