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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 22

Program Memory Size 14KB (8K x 14)

Program Memory Type ROM

EEPROM Size -

RAM Size 368 x 8

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

Data Converters A/D 5x8b

Oscillator Type Internal

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

Mounting Type Surface Mount

Package / Case 28-SOIC (0.295", 7.50mm Width)

Supplier Device Package 28-SOIC

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/pic16cr76-i-so

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/pic16cr76-i-so-4429724
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


PIC16CR7X
FIGURE 1-1: PIC16CR73 AND PIC16CR76 BLOCK DIAGRAM
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PIC16CR7X
2.0 MEMORY ORGANIZATION

There are two memory blocks in each of these PIC®

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
“Reading Program Memory”).

Additional information on device memory may be found
in the “PIC® Mid-Range MCU Family Reference
Manual” (DS33023).

2.1 Program Memory Organization

The PIC16CR7X devices have a 13-bit program
counter capable of addressing an 8K word x 14-bit pro-
gram memory space. The PIC16CR77/76 devices
have 8K words of ROM program memory and the
PIC16CR73/74 devices have 4K words. The program
memory maps for PIC16CR7X 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 (GPR)
and the Special Function Registers (SFR). 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 PIC16CR7X DEVICES

RP1:RP0 Bank

00 0

01 1

10 2

11 3

PC<12:0>

13

0000h

0004h
0005h

Stack Level 1

Stack Level 8

Reset Vector

Interrupt Vector

On-Chip

CALL, RETURN
RETFIE, RETLW

1FFFh

Stack Level 2

Program

Memory

Page 0

Page 1

07FFh
0800h

0FFFh
1000h

17FFh
1800h

Reset Vector

Interrupt Vector

Page 0

Page 1

Page 2

Page 3

0000h

0004h
0005h

1FFFh

07FFh
0800h

0FFFh
1000h

PC<12:0>

13

Stack Level 1

Stack Level 8

CALL, RETURN
RETFIE, RETLW

Stack Level 2

Unimplemented
Read as ‘0’

On-Chip

Program

Memory

PIC16CR76/77 PIC16CR73/74
© 2007 Microchip Technology Inc. DS21993C-page 13



PIC16CR7X
FIGURE 2-2: PIC16CR77/76 REGISTER FILE MAP 
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PIC16CR7X
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
“PIC® Mid-Range MCU Family Reference Manual”
(DS33023).

4.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bidirectional 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
High-Impendance 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
configured 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’.
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PIC16CR7X
TABLE 4-1: PORTA FUNCTIONS

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit# Buffer Function

RA0/AN0 bit 0 TTL Input/output or analog input.

RA1/AN1 bit 1 TTL Input/output or analog input.

RA2/AN2 bit 2 TTL Input/output or analog input.

RA3/AN3/VREF bit 3 TTL Input/output or analog input or VREF.

RA4/T0CKI bit 4 ST Input/output or external clock input for Timer0. Output is open drain type.

RA5/AN4/SS bit 5 TTL Input/output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

Address 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

05h PORTA — — RA5 RA4 RA3 RA2 RA1 RA0 --0x 0000 --0u 0000

85h TRISA — — PORTA Data Direction Register --11 1111 --11 1111

9Fh ADCON1 — — — — — PCFG2 PCFG1 PCFG0 ---- -000 ---- -000

Legend: x = unknown, u = unchanged, – = unimplemented locations read as ‘0’. Shaded cells are not used by 
PORTA.

Note: When using the SSP module in SPI Slave mode and SS enabled, the A/D converter must be set to one of
the following modes where PCFG2:PCFG0 = 100, 101, 11x.
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PIC16CR7X
FIGURE 4-9: PARALLEL SLAVE PORT WRITE WAVEFORMS  

FIGURE 4-10: PARALLEL SLAVE PORT READ WAVEFORMS  

TABLE 4-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Address 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

08h PORTD PORT data latch when written: Port pins when read xxxx xxxx uuuu uuuu

09h PORTE — — — — — RE2 RE1 RE0 ---- -xxx ---- -uuu

89h TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction Bits 0000 -111 0000 -111

0Ch PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

8Ch PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

9Fh ADCON1 — — — — — PCFG2 PCFG1 PCFG0 ---- -000 ---- -000

Legend: x = unknown, u = unchanged, – = unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16CR73/76; always maintain these bits clear.
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PIC16CR7X
5.2 Using Timer0 with an External 
Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of T0CKI, with the internal phase clocks, is accom-
plished by sampling the prescaler output on the Q2 and

Q4 cycles of the internal phase clocks. Therefore, it is
necessary for T0CKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

             

 

REGISTER 5-1: OPTION_REG:

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0

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 RBPU: PORTB Pull-up Enable bit (see Section 2.2.2.2 “OPTION_REG Register”)

bit 6 INTEDG: Interrupt Edge Select bit (see Section 2.2.2.2 “OPTION_REG Register”)

bit 5 T0CS: TMR0 Clock Source Select bit 
1 = Transition on T0CKI pin 
0 = Internal instruction cycle clock (CLKOUT)

bit 4 T0SE: TMR0 Source Edge Select bit 
1 = Increment on high-to-low transition on T0CKI pin 
0 = Increment on low-to-high transition on T0CKI pin 

bit 3 PSA: Prescaler Assignment bit 

1 = Prescaler is assigned to the WDT 
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prescaler Rate Select bits    

000
001
010
011
100
101
110
111

1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128
1 : 256

1 : 1
1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128

Bit Value TMR0 Rate WDT Rate

Note: To avoid an unintended device Reset, the instruction sequences shown in Example 5-1 and Example 5-2
must be executed when changing the prescaler assignment between Timer0 and the WDT. This sequence
must be followed even if the WDT is disabled.
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PIC16CR7X
8.4.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an
output by clearing the TRISC<2> bit.

8.4.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.4.3 SOFTWARE INTERRUPT MODE 

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCP1IF or CCP2IF bit is
set, causing a CCP interrupt (if enabled).

8.4.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action. 

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timer1.

The special event trigger output of CCP2 resets the
TMR1 register pair and starts an A/D conversion (if the
A/D module is enabled).

TABLE 8-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to
the default low level. This is not the
PORTC     I/O data latch.

Note: The special event trigger from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).

Address 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

0Bh,8Bh,
10Bh,18Bh

INTCON GIE PEIE TMR0IE INTE RBIE TMR0IF INTF RBIF 0000 000x 0000 000u

0Ch PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

0Dh PIR2 — — — — — — — CCP2IF ---- ---0 ---- ---0

8Ch PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

8Dh PIE2 — — — — — — — CCP2IE ---- ---0 ---- ---0

87h TRISC PORTC Data Direction Register 1111 1111 1111 1111

0Eh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

0Fh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

10h T1CON — — T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON --00 0000 --uu uuuu

15h CCPR1L Capture/Compare/PWM Register 1 (LSB) xxxx xxxx uuuu uuuu

16h CCPR1H Capture/Compare/PWM Register 1 (MSB) xxxx xxxx uuuu uuuu

17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1M0 --00 0000 --00 0000

1Bh CCPR2L Capture/Compare/PWM Register 2 (LSB) xxxx xxxx uuuu uuuu

1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) xxxx xxxx uuuu uuuu

1Dh CCP2CON — — CCP2X CCP2Y CCP2M3 CCP2M2 CCP2M1 CCP2M0 --00 0000 --00 0000

Legend:  x = unknown, u = unchanged, – = unimplemented, read as ‘0’. Shaded cells are not used by Capture and Timer1.
Note 1: The PSP is not implemented on the PIC16CR73/76; always maintain these bits clear.
DS21993C-page 56 © 2007 Microchip Technology Inc.



PIC16CR7X
TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD
RATE

FOSC = 20 MHz FOSC = 16 MHz FOSC = 10 MHz

BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL)

1200 1,221 1.73% 255 1,202 0.16% 207 1,202 0.16% 129
2400 2,404 0.16% 129 2,404 0.16% 103 2,404 0.16% 64
9600 9,470 -1.36% 32 9,615 0.16% 25 9,766 1.73% 15

19,200 19,531 1.73% 15 19,231 0.16% 12 19,531 1.73% 7
38,400 39,063 1.73% 7 35,714 -6.99% 6 39,063 1.73% 3
57,600 62,500 8.51% 4 62,500 8.51% 3 52,083 -9.58% 2
76,800 78,125 1.73% 3 83,333 8.51% 2 78,125 1.73% 1
96,000 104,167 8.51% 2 83,333 -13.19% 2 78,125 -18.62% 1
115,200 104,167 -9.58% 2 125,000 8.51% 1 78,125 -32.18% 1
250,000 312,500 25.00% 0 250,000 0.00% 0 156,250 -37.50% 0

BAUD
RATE 

FOSC = 4 MHz FOSC = 3.6864 MHz FOSC = 3.579545 MHz

BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL)

300 300 0.16% 207 300 0.00% 191  301 0.23% 185
1200 1,202 0.16% 51 1,200 0.00% 47  1,190 -0.83% 46
2400 2,404 0.16% 25 2,400 0.00% 23 2,432 1.32% 22
9600 8,929 -6.99% 6 9,600 0.00% 5 9,322 -2.90% 5

19,200 20,833 8.51% 2 19,200 0.00% 2 18,643 -2.90% 2
38,400 31,250 -18.62% 1 28,800 -25.00% 1 27,965 -27.17% 1
57,600 62,500 8.51% 0 57,600 0.00% 0 55,930 -2.90% 0
76,800 62,500 -18.62% 0 — — — — — —

TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

BAUD
RATE

FOSC = 20 MHz FOSC = 16 MHz FOSC = 10 MHz

BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL)

2400 — — — — — — 2,441 1.73% 255
9600 9,615 0.16% 129 9,615 0.16% 103 9,615 0.16% 64

19,200 19,231 0.16% 64 19,231 0.16% 51 18,939 -1.36% 32
38,400 37,879 -1.36% 32 38,462 0.16% 25 39,063 1.73% 15
57,600 56,818 -1.36% 21 58,824 2.12% 16 56,818 -1.36% 10
76,800 78,125 1.73% 15 76,923 0.16% 12 78,125 1.73% 7
96,000 96,154 0.16% 12 100,000 4.17% 9 89,286 -6.99% 6
115,200 113,636 -1.36% 10 111,111 -3.55% 8 125,000 8.51% 4
250,000 250,000 0.00% 4 250,000 0.00% 3 208,333 -16.67% 2
300,000 312,500 4.17% 3 333,333 11.11% 2 312,500 4.17% 1

BAUD
RATE

(K) 

FOSC = 4 MHz FOSC = 3.6864 MHz FOSC = 3.579545 MHz

BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL) BAUD
%

ERROR

SPBRG
VALUE 

(DECIMAL)

1200 1,202 0.16% 207 1,200 0.00% 191 1,203 0.23% 185
2400 2,404 0.16% 103 2,400 0.00% 95 2,406 0.23% 92
9600 9,615 0.16% 25 9,600 0.00% 23 9,727 1.32% 22

19,200 19,231 0.16% 12 19,200 0.00% 11 18,643 -2.90% 11
38,400 35,714 -6.99% 6 38,400 0.00% 5 37,287 -2.90% 5
57,600 62,500 8.51% 3 57,600 0.00% 3 55,930 -2.90% 3
76,800 83,333 8.51% 2 76,800 0.00% 2 74,574 -2.90% 2
96,000 83,333 -13.19% 2 115,200 20.00% 1 111,861 16.52% 1
115,200 125,000 8.51% 1 115,200 0.00% 1 111,861 -2.90% 1
250,000 250,000 0.00% 0 230,400 -7.84% 0 223,722 -10.51% 0
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TABLE 10-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Address 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

0Bh, 8Bh,
10Bh,18Bh

INTCON GIE PEIE TMR0IE INTE RBIE TMR0IF INTF RBIF 0000 000x 0000 000u

0Ch PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00x

1Ah RCREG USART Receive Register 0000 0000 0000 0000

8Ch PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

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

99h SPBRG Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, – = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16CR73/76 devices; always maintain these bits clear.
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11.2 Selecting the A/D Conversion 
Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 9.0 TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selectable. The four possible options for TAD are: 

• 2 TOSC (FOSC/2)
• 8 TOSC (FOSC/8)
• 32 TOSC (FOSC/32) 

• Internal RC oscillator (2-6 μs)

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
as small as possible, but no less than 1.6 μs.

11.3 Configuring Analog Port Pins

The ADCON1, TRISA and TRISE registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs must have their correspond-
ing TRIS bits set (input). If the TRIS bit is cleared (out-
put), the digital output level (VOH or VOL) will be
converted.

The A/D operation is independent of the state of the
CHS2:CHS0 bits and the TRIS bits.

11.4 A/D Conversions

Setting the GO/DONE bit begins an A/D conversion.
When the conversion completes, the 8-bit result is
placed in the ADRES register, the GO/DONE bit is
cleared, and the ADIF flag (PIR<6>) is set.

If both the A/D interrupt bit ADIE (PIE1<6>) and the
peripheral interrupt enable bit PEIE (INTCON<6>) are
set, the device will wake from Sleep whenever ADIF is
set by hardware. In addition, an interrupt will also occur
if the Global Interrupt bit GIE (INTCON<7>) is set.

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The ADRES register will
NOT be changed and the ADIF flag will not be set. 

After the GO/DONE bit is cleared at either the end of a
conversion, or by firmware, another conversion can be
initiated by setting the GO/DONE bit. Users must still
take into account the appropriate acquisition time for
the application.

11.5 A/D Operation During Sleep

The A/D module can operate during Sleep mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCS0 = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared,
and the result loaded into the ADRES register. If the
A/D interrupt is enabled, the device will wake-up from
Sleep. If the A/D interrupt is not enabled, the A/D
module will then be turned off, although the ADON bit
will remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

11.6 Effects of a Reset

A device Reset forces all registers to their Reset state.
The A/D module is disabled and any conversion in
progress is aborted. All A/D input pins are configured
as analog inputs.

The ADRES register will contain unknown data after a
Power-on Reset.

Note 1: When reading the PORT register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin that is defined as
a digital input, but not as an analog input,
may cause the digital input buffer to
consume current that is out of the
device’s specification.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note: For the A/D module to operate in Sleep,
the A/D clock source must be set to RC
(ADCS1:ADCS0 = 11). To perform an A/D
conversion in Sleep, ensure the SLEEP
instruction immediately follows the instruc-
tion that sets the GO/DONE bit.
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12.3 Reset

The PIC16CR7X differentiates between various kinds
of Reset: 

• Power-on Reset (POR)
• MCLR Reset during normal operation

• MCLR Reset during Sleep
• WDT Reset (during normal operation)
• WDT Wake-up (during Sleep)

• Brown-out Reset (BOR)

Some registers are not affected in any Reset condition.
Their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR Reset during Sleep, and Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared differ-
ently in different Reset situations, as indicated in
Table 12-4. These bits are used in software to
determine the nature of the Reset. See Table 12-6 for
a full description of Reset states of all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 12-4.

FIGURE 12-4: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

S

R Q
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VDD
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WDT
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Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
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13.0 INSTRUCTION SET SUMMARY

The PIC16 instruction set is highly orthogonal and is
comprised of three basic categories:

• Byte-oriented operations

• Bit-oriented operations

• Literal and control operations

Each PIC16 instruction is a 14-bit word divided into an
opcode, which specifies the instruction type and one or
more operands, which further specify the operation of
the instruction. The formats for each of the categories
are presented in Figure 13-1, while the various opcode
fields are summarized in Table 13-1.

Table 13-2 lists the instructions recognized by the
MPASMTM Assembler. A complete description of each
instruction is also available in the “PIC® Mid-Range
MCU Family Reference Manual” (DS33023).

For byte-oriented instructions, ‘f’ represents a file
register designator and ‘d’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator, which selects the bit affected by the opera-
tion, while ‘f’ represents the address of the file in which
the bit is located.

For literal and control operations, ‘k’ represents an
eight- or eleven-bit constant or literal value.

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a normal
instruction execution time of 1 μs. All instructions are
executed within a single instruction cycle, unless a
conditional test is true, or the program counter is
changed as a result of an instruction. When this occurs,
the execution takes two instruction cycles, with the
second cycle executed as a NOP.     

All instruction examples use the format ‘0xhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit. 

13.1 Read-Modify-Write operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a “CLRF PORTB” instruction will read
PORTB, clear all the data bits, then write the result
back to PORTB. This example would have the unin-
tended result that the condition that sets the RBIF flag
would be cleared for pins configured as inputs and
using the PORTB interrupt-on-change feature.

TABLE 13-1: OPCODE FIELD 
DESCRIPTIONS  

FIGURE 13-1: GENERAL FORMAT FOR 
INSTRUCTIONS    

Note: To maintain upward compatibility with
future PIC16CR7X products, do not use
the OPTION and TRIS instructions.

Field Description

f Register file address (0x00 to 0x7F)

W Working register (accumulator)

b Bit address within an 8-bit file register

k Literal field, constant data or label

x Don’t care location (= 0 or 1). 
The assembler will generate code with x = 0. 
It is the recommended form of use for 
compatibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f. 
Default is d = 1.

PC Program Counter

TO Time-out bit

PD Power-down bit

Byte-oriented file register operations
13                          8     7    6                              0

d = 0 for destination W

OPCODE                 d              f (FILE #)

d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13                         10  9        7   6                       0

OPCODE          b (BIT #)        f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

13                                  8    7                             0

OPCODE                              k (literal)

k = 8-bit immediate value

13                 11    10                                          0

OPCODE                        k (literal)

k = 11-bit immediate value

General

CALL and GOTO instructions only
© 2007 Microchip Technology Inc. DS21993C-page 105



PIC16CR7X

DS21993C-page 110 © 2007 Microchip Technology Inc.

MOVF Move f

Syntax: [ label ]    MOVF f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (f) → (destination)

Status Affected: Z

Description: The contents of register ‘f’ are 
moved to a destination dependant 
upon the status of ‘d’. If ‘d’ = 0, 
destination is W register. If ‘d’ = 1, 
the destination is file register ‘f’ 
itself. ‘d’ = 1 is useful to test a file 
register, since status flag Z is 
affected.

MOVLW Move Literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0 ≤ k ≤ 255

Operation: k → (W)

Status Affected: None

Description: The eight-bit literal ‘k’ is loaded 
into W register. The “don’t cares” 
will assemble as ‘0’s.

MOVWF Move W to f

Syntax: [ label ] MOVWF  f

Operands: 0 ≤ f ≤ 127

Operation: (W) → (f)

Status Affected: None

Description: Move data from W register to 
register ‘f’. 

NOP No Operation

Syntax: [ label ] NOP

Operands: None

Operation: No operation

Status Affected: None

Description: No operation.

RETFIE Return from Interrupt

Syntax: [ label ] RETFIE   

Operands: None

Operation: TOS → PC,
1 → GIE

Status Affected: None

RETLW Return with Literal in W

Syntax: [ label ] RETLW   k

Operands: 0 ≤ k ≤ 255

Operation: k → (W);
TOS → PC

Status Affected: None

Description: Subtract (2’s complement method) 
W register from register ‘f’. If ‘d’ is 
‘0’, the result is stored in the W 
register. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’.
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FIGURE 15-12: SPI SLAVE MODE TIMING (CKE = 0)

FIGURE 15-13: SPI SLAVE MODE TIMING (CKE = 1)

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

70

71 72

73
74

75, 76 77

7879
80

7978

MSb LSbBit 6 - - - - - -1

MSb In Bit 6 - - - -1 LSb In

83
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FIGURE 16-11: ΔIBOR vs. VDD OVER TEMPERATURE 

FIGURE 16-12: TYPICAL AND MAXIMUM ΔIWDT vs. VDD OVER TEMPERATURE
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40-Lead Plastic Dual In-Line (P) – 600 mil Body [PDIP]

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging

Units INCHES

Dimension Limits MIN NOM MAX

Number of Pins N 40

Pitch e .100 BSC

Top to Seating Plane A – – .250

Molded Package Thickness A2 .125 – .195

Base to Seating Plane A1 .015 – –

Shoulder to Shoulder Width E .590 – .625

Molded Package Width E1 .485 – .580

Overall Length D 1.980 – 2.095

Tip to Seating Plane L .115 – .200

Lead Thickness c .008 – .015

Upper Lead Width b1 .030 – .070

Lower Lead Width b .014 – .023

Overall Row Spacing  § eB – – .700

N

NOTE 1

E1

D

1 2 3

A

A1
b1

b e

c

eB

E

L

A2

Microchip Technology Drawing C04-016B
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44-Lead Plastic Thin Quad Flatpack (PT) – 10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits MIN NOM MAX

Number of Leads N 44

Lead Pitch e 0.80 BSC

Overall Height A – – 1.20

Molded Package Thickness A2 0.95 1.00 1.05

Standoff  A1 0.05 – 0.15

Foot Length L 0.45 0.60 0.75

Footprint L1 1.00 REF

Foot Angle φ 0° 3.5° 7°

Overall Width E 12.00 BSC

Overall Length D 12.00 BSC

Molded Package Width E1 10.00 BSC

Molded Package Length D1 10.00 BSC

Lead Thickness c 0.09 – 0.20

Lead Width b 0.30 0.37 0.45

Mold Draft Angle Top α 11° 12° 13°

Mold Draft Angle Bottom β 11° 12° 13°

A

E

E1

D

D1

e

b

NOTE 1
NOTE 2

N

1 2 3

c
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Microchip Technology Drawing C04-076B
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SSPIF bit ............................................................................. 23
SSPM<3:0> bits .................................................................. 61
SSPOV bit ........................................................................... 61
Stack ................................................................................... 26

Overflows .................................................................... 26
Underflow.................................................................... 26

STATUS Register
DC Bit.......................................................................... 19
IRP Bit......................................................................... 19
PD Bit.......................................................................... 93
TO Bit.................................................................... 19, 93
Z Bit............................................................................. 19

Synchronous Serial Port Enable bit (SSPEN)..................... 61
Synchronous Serial Port Interrupt bit (SSPIF) .................... 23
Synchronous Serial Port Mode Select bits (SSPM<3:0>) ... 61
Synchronous Serial Port. See SSP

T
T1CKPS0 bit ....................................................................... 47
T1CKPS1 bit ....................................................................... 47
T1OSCEN bit ...................................................................... 47
T1SYNC bit ......................................................................... 47
T2CKPS0 bit ....................................................................... 52
T2CKPS1 bit ....................................................................... 52
TAD ....................................................................................... 87
Time-out Sequence............................................................. 94
Timer0................................................................................. 43

Associated Registers .................................................. 45
Clock Source Edge Select (T0SE Bit)......................... 20
Clock Source Select (T0CS Bit).................................. 20
External Clock............................................................. 44
Interrupt....................................................................... 43
Overflow Enable (TMR0IE Bit).................................... 21
Overflow Flag (TMR0IF Bit) ...................................... 100
Overflow Interrupt ..................................................... 100
Prescaler..................................................................... 45
RA4/T0CKI Pin, External Clock .............................. 8, 10
T0CKI.......................................................................... 44

Timer1................................................................................. 47
Associated Registers .................................................. 50
Asynchronous Counter Mode ..................................... 49
Capacitor Selection..................................................... 50
Counter Operation ...................................................... 48
Operation in Timer Mode ............................................ 48
Oscillator ..................................................................... 50
Prescaler..................................................................... 50
RC0/T1OSO/T1CKI Pin .......................................... 9, 11
RC1/T1OSI/CCP2 Pin............................................. 9, 11
Resetting of Timer1 Registers .................................... 50
Resetting Timer1 using a CCP Trigger Output ........... 50
Synchronized Counter Mode ...................................... 48
TMR1H Register ......................................................... 49
TMR1L Register.......................................................... 49

Timer2................................................................................. 51
Associated Registers .................................................. 52
Output ......................................................................... 51
Postscaler ................................................................... 51
Prescaler..................................................................... 51
Prescaler and Postscaler ............................................ 51

Timing Diagrams
A/D Conversion......................................................... 137
Brown-out Reset ....................................................... 126
Capture/Compare/PWM (CCP1 and CCP2) ............. 128
CLKOUT and I/O....................................................... 125
External Clock........................................................... 124
I2C Bus Data ............................................................. 133

I2C Bus Start/Stop Bits ............................................. 132
I2C Reception (7-bit Address)..................................... 67
I2C Transmission (7-bit Address) ............................... 67
Parallel Slave Port .................................................... 129
Parallel Slave Port Read Waveforms ......................... 41
Parallel Slave Port Write Waveforms ......................... 41
Power-up Timer ........................................................ 126
PWM Output ............................................................... 57
RESET...................................................................... 126
Slow Rise Time (MCLR Tied to VDD 

Through RC Network)......................................... 98
SPI Master Mode (CKE = 0, SMP = 0) ..................... 130
SPI Master Mode (CKE = 1, SMP = 1) ..................... 130
SPI Mode (Master Mode) ........................................... 63
SPI Mode (Slave Mode with CKE = 0)........................ 63
SPI Mode (Slave Mode with CKE = 1)........................ 64
SPI Slave Mode (CKE = 0) ....................................... 131
SPI Slave Mode (CKE = 1) ....................................... 131
Start-up Timer........................................................... 126
Time-out Sequence on Power-up 

(MCLR Not Tied to VDD)
Case 1 ................................................................ 98
Case 2 ................................................................ 98

Time-out Sequence on Power-up 
(MCLR Tied to VDD Through RC Network)......... 97

Timer0 ...................................................................... 127
Timer1 ...................................................................... 127
USART Asynchronous Master Transmission ............. 74
USART Asynchronous Master Transmission

 (Back to Back) ................................................... 75
USART Asynchronous Reception .............................. 76
USART Synchronous Receive (Master/Slave) ......... 135
USART Synchronous Reception 

(Master Mode, SREN) ........................................ 80
USART Synchronous Transmission ........................... 79
USART Synchronous Transmission 

(Master/Slave) .................................................. 135
USART Synchronous Transmission 

(Through TXEN) ................................................. 79
Wake-up from Sleep via Interrupt............................. 103
Watchdog Timer ....................................................... 126

Timing Parameter Symbology .......................................... 123
Timing Requirements

Capture/Compare/PWM (CCP1 and CCP2)............. 128
CLKOUT and I/O ...................................................... 125
External Clock .......................................................... 124
I2C Bus Data............................................................. 134
I2C Bus Start/Stop Bits............................................. 133
Parallel Slave Port .................................................... 129
Reset, Watchdog Timer, Oscillator Start-up

 Timer, Power-up Timer and Brown-out Reset . 126
SPI Mode.................................................................. 132
Timer0 and Timer1 External Clock ........................... 127
USART Synchronous Receive ................................. 135
USART Synchronous Transmission ......................... 135

TMR1CS bit ........................................................................ 47
TMR1ON bit........................................................................ 47
TMR2ON bit........................................................................ 52
TOUTPS<3:0> bits ............................................................. 52
TRISA Register................................................................... 31
TRISB Register................................................................... 33
TRISC Register................................................................... 35
TRISD Register................................................................... 36
© 2007 Microchip Technology Inc.    DS21993C-page 165



PIC18FXXXX
TRISE Register ................................................................... 37
IBF Bit ......................................................................... 38
IBOV Bit ...................................................................... 38
PSPMODE Bit ....................................................... 36, 37

TXSTA Register
SYNC Bit ..................................................................... 69
TRMT Bit ..................................................................... 69
TX9 Bit ........................................................................ 69
TX9D Bit...................................................................... 69
TXEN Bit ..................................................................... 69

U
UA ....................................................................................... 60
Universal Synchronous Asynchronous Receiver

 Transmitter. See USART
Update Address bit, UA....................................................... 60
USART................................................................................ 69

Asynchronous Mode ................................................... 73
Asynchronous Receiver .............................................. 75
Asynchronous Reception ............................................ 76

Associated Registers .......................................... 77
Asynchronous Transmission

Associated Registers .......................................... 75
Asynchronous Transmitter .......................................... 73
Baud Rate Generator (BRG)....................................... 71

Baud Rate Formula............................................. 71
Baud Rates, Asynchronous Mode (BRGH = 0) .. 72
Baud Rates, Asynchronous Mode (BRGH = 1) .. 72
Sampling ............................................................. 71

Mode Select (SYNC Bit) ............................................. 69
Overrun Error (OERR Bit) ........................................... 70
RC6/TX/CK Pin ....................................................... 9, 11
RC7/RX/DT Pin....................................................... 9, 11
Serial Port Enable (SPEN Bit)..................................... 69
Single Receive Enable (SREN Bit) ............................. 70
Synchronous Master Mode ......................................... 78
Synchronous Master Reception.................................. 80

Associated Registers .......................................... 81
Synchronous Master Transmission............................. 78

Associated Registers .......................................... 79
Synchronous Slave Mode ........................................... 81
Synchronous Slave Reception.................................... 82

Associated Registers .......................................... 82
Synchronous Slave Transmission............................... 81

Associated Registers .......................................... 82
Transmit Data, 9th Bit (TX9D)..................................... 69
Transmit Enable (TXEN Bit)........................................ 69
Transmit Enable, Nine-bit (TX9 Bit) ............................ 69
Transmit Shift Register Status (TRMT Bit).................. 69

User Code ......................................................................... 103

W
Wake-up from SLEEP......................................................... 89

Interrupts .............................................................. 95, 96
MCLR Reset ............................................................... 96
WDT Reset ................................................................. 96

Wake-up from Sleep ......................................................... 102
Wake-up Using Interrupts ................................................. 102
Watchdog Timer (WDT).............................................. 89, 101

Associated Registers ................................................ 101
Enable (WDTE Bit) ................................................... 101
Postscaler. See Postscaler, WDT
Programming Considerations ................................... 101
RC Oscillator............................................................. 101
Time-out Period ........................................................ 101
WDT Reset, Normal Operation....................... 93, 95, 96
WDT Reset, SLEEP........................................ 93, 95, 96

WCOL bit ............................................................................ 61
Write Collision Detect bit (WCOL) ...................................... 61
WWW Address ................................................................. 167
WWW, On-Line Support ....................................................... 4
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