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"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 -
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16
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. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our

products.
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veyed, implicitly or otherwise, under any intellectual property
rights.
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PIC16F62X

3.2.2

SPECIAL FUNCTION REGISTERS

The SFRs are registers used by the CPU and Periph-
eral functions for controlling the desired operation of
the device (Table 3-1). These registers are static RAM.

The special registers can be classified into two sets
(core and peripheral). The SFRs associated with the
“core” functions are described in this section. Those
related to the operation of the peripheral features are
described in the section of that peripheral feature.

TABLE 3-1: SPECIAL REGISTERS SUMMARY BANK 0
Value on Details
Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR
Reset") | ON Page

Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX KXXX 25
01h TMRO Timer0 Module’s Register XXXX XXXX 43
02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 13
03h STATUS IRP | RP1 | RPO TO PD z DC c 0001 1xxx 19
04h FSR Indirect data memory address pointer KXXK KXXX 25
05h PORTA RA7 RAG RA5 RA4 RA3 RA2 RA1 RAO xxxx 0000 29
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXK XXXX 34
07h — Unimplemented — —
08h — Unimplemented — —
09h — Unimplemented — —
0Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 25
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 21
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 23
0Dh — Unimplemented — —
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 XXXKX KXXX 46
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 KKKK KKKX 46
10h T1CON — | — | T1CKPS1 | T1CKPS0 | T10SCEN | T1SYNC | TMR1CS | TMR1ON | --00 0000 46
11h TMR2 TMR2 module’s register 0000 0000 50
12h T2CON — | Toutpss | Toutes2 | TouTPS1 | TOUTPSO | TMR2ON [ T2CKPS1 | T2CKPSO0 | -000 0000 50
13h — Unimplemented = —
14h — Unimplemented — —
15h CCPR1L Capture/Compare/PWM register (LSB) KKKK KKKX 61
16h CCPR1H | Capture/Compare/PWM register (MSB) XXXX XKXXX 61
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 61
18h RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 -00x 67
19h TXREG USART Transmit data register 0000 0000 74
1Ah RCREG USART Receive data register 0000 0000 77
1Bh — Unimplemented — —
1Ch — Unimplemented = —
1Dh — Unimplemented — —
1Eh — Unimplemented — —
1Fh cmcoN [c2out| ctout | canv | cunv | cs | com2 | oMt | cMo | oooo oooo 53
Legend: = — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition,

Note 1:

shaded = unimplemented

For the Initialization Condition for Registers Tables, refer to Table 14-7 and Table 14-8 on page 98.

© 2003 Microchip Technology Inc. Preliminary
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FIGURE 3-4: DIRECT/INDIRECT ADDRESSING PIC16F62X
Direct Addressing Indirect Addressing
RP1 RPO 6 from opcode 0 IRP 7 FSR register 0
\ )\ y J N g y J
bank select location select| bank select location select
\ > 00 01 10 11 <+
00h 180h
RAM
File
Registers
7Fh 1FFh
Bank 0 Bank 1 Bank2 Bank3
Note: For memory map detail see Figure 3-2.
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FIGURE 5-7: BLOCK DIAGRAM OF RA7/0SC1/CLKIN PIN
To OSC2 Oscillator
Circuit
CLKIN to core | VDD
4 ‘

Data Bus D al X
WR PORTA _ RA7/0SC1/CLKIN Pin

CK ™ Q

Data Latch

— D Q Vss

WR TRISA —

CK ™ Q

TRIS Latch
i:0< ®
RD TRISA
Fosc = 100,[101"
A
Schmitt Trigger
EN Input Buffer

RD PORTA

=

Note 1: INTRC with CLKOUT, and INTRC with I/O.
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11.3 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTB data latch,
the TRISB<3> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTB 1/O data

latch.

Figure 11-2 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 11.3.3.
FIGURE 11-2: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty cycle registers ,—— CCP1CON<5:4>

| CCPRIL |

:

‘ CCPR1H (Slave) ‘

‘ Comparator i R Q
{? RB3/CCP1
‘ TMR2 ‘(Note 1){
— S
Comparator TRISB<3>
Clear Timer,

CCP1 pin and

74N

Note 1: 8-bit timer is concatenated with the 2-bit internal
Q clock, or 2 bits of the prescaler to create 10-bit
time-base.

A PWM output (Figure 11-3) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 11-3: PWM OUTPUT

Period

'
+ Duty Cycle

I

TMR2 = PR2

\ TMR2 = Duty Cycle

TMR2 = PR2

11.3.1 PWM PERIOD

The PWM period is specified by writing to the
PR2register. The PWM period can be calculated using
the following formula:
PWM period = [(PR2) + 1] * 4 « TOSC *
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
+ The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler (see Section 8.0) is
not used in the determination of the PWM
frequency. The postscaler could be used to
have an interrupt occur at a different fre-
quency than the PWM output.
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REGISTER 12-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS: 18h)

R/W-0 RW-0 RW-0  R/MW-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADEN | FERR | OERR | Rx9D
bit 7 bit 0

SPEN: Serial Port Enable bit

(Configures RB1/RX/DT and RB2/TX/CK pins as serial port pins when bits TRISB<2:17> are set)
1 = Serial port enabled

0 = Serial port disabled

RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception

SREN: Single Receive Enable bit
Asynchronous mode:
Don’t care
Synchronous mode - master:
1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - slave:
Unused in this mode
CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables continuous receive
0 = Disables continuous receive
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
ADEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as PARITY bit

Asynchronous mode 8-bit (RX9=0):

Unused in this mode
Synchronous mode
Unused in this mode
FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: 9th bit of received data (Can be PARITY 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

DS40300C-page 68
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12.2.2 ADEN USART ASYNCHRONOUS

RECEIVER

The receiver block diagram is shown in Figure 12-8.
The data is received on the RB1/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter
operates at the bit rate or at Fosc.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the Receive (serial) Shift
register (RSR). After sampling the STOP bit, the
received data in the RSR is transferred to the RCREG
register (if it is empty). If the transfer is complete, flag
bit RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a
double buffered register ( i.e., it is a two-deep FIFO).

It is possible for two bytes of data to be received and
transferred to the RCREG FIFO, and a third byte begin
shifting to the RSR register. On the detection of the
STOP bit of the third byte, if the RCREG register is still
full, then overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG
register can be read twice to retrieve the two bytes in
the FIFO. Overrun bit OERR has to be cleared in soft-
ware. This is done by resetting the receive logic (CREN
is cleared and then set). If bit OERR is set, transfers
from the RSR register to the RCREG register are inhib-
ited, so it is essential to clear error bit OERR if it is set.
Framing error bit FERR (RCSTA<2>) is set if a STOP
bit is detected as clear. Bit FERR and the 9th receive
bit are buffered the same way as the receive data.
Reading the RCREG will load bits RX9D and FERR
with new values, therefore it is essential for the user to
read the RCSTA register before reading the RCREG
register in order not to lose the old FERR and RX9D
information.

FIGURE 12-8: USART RECEIVE BLOCK DIAGRAM
,__X64BaudRate CLK | OERR ‘ FERR
! : CREN
, SPBRG ' ) l _____ T __________ T ______
! ! *64 ' MSb RSR register Lsb
i _I':‘_acjd_R_a_te_éeaéra_\tc;r_ i 216 Stop| (8)| 7 222 1| O |Start
RB1/RX0OT oy oo
Pin Buffer Data
and Control Recovery RX9
8
SPEN
RX9 Enable
ADEN Load of S 7 ’&7
Receive
RX9
ADEN Buffer
RSR<8> 8
RX9D RCREG register
FIFO
RX9D RCREG register
8
>
Interrupt Data Bus
RCIE
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12.3 USART Function

The USART function is similar to that on the
PIC16C74B, which includes the BRGH = 1 fix.

12.3.1 USART 9-BIT RECEIVER WITH
ADDRESS DETECT

When the RX9 bit is set in the RCSTA register, 9 bits
are received and the ninth bit is placed in the RX9D bit
of the RCSTA register. The USART module has a
special provision for multiprocessor communication.
Multiprocessor communication is enabled by setting
the ADEN bit (RCSTA<3>) along with the RX9 bit. The
port is now programmed so when the last bit is
received, the contents of the Receive Shift Register
(RSR) are transferred to the receive buffer. The ninth
bit of the RSR (RSR<8>) is transferred to RX9D, and
the receive interrupt is set if, and only, if RSR<8> = 1.
This feature can be used in a multiprocessor system as
follows:

A master processor intends to transmit a block of data
to one of many slaves. It must first send out an address
byte that identifies the target slave. An address byte is
identified by setting the ninth bit (RSR<8>) to a "1
(instead of a '0' for a data byte). If the ADEN and RX9
bits are set in the slave’s RCSTA register, enabling mul-
tiprocessor communication, all data bytes will be
ignored. However, if the ninth received bit is equal to a
‘1’, indicating that the received byte is an address, the
slave will be interrupted and the contents of the RSR
register will be transferred into the receive buffer. This
allows the slave to be interrupted only by addresses, so
that the slave can examine the received byte to see if it
is being addressed. The addressed slave will then clear
its ADEN bit and prepare to receive data bytes from the
master.

When ADEN is enabled (='1"), all data bytes are
ignored. Following the STOP bit, the data will not be
loaded into the receive buffer, and no interrupt will
occur. If another byte is shifted into the RSR register,
the previous data byte will be lost.

The ADEN bit will only take effect when the receiver is
configured in 9-bit mode (RX9 = '1"). When ADEN is
disabled (='0"), all data bytes are received and the 9th
bit can be used as the PARITY bit.

The USART Receive Block Diagram is shown in
Figure 12-8.

Reception is enabled by setting bit CREN
(RCSTA<4>).

12.3.11 Setting up 9-bit mode with Address

Detect

Steps to follow when setting up an Asynchronous or
Synchronous Reception with Address Detect Enabled:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH.

2. Enable asynchronous or synchronous commu-
nication by setting or clearing bit SYNC and
setting bit SPEN.

3. If interrupts are desired, then set enable bit
RCIE.

4. Set bit RX9 to enable 9-bit reception.

5. Set ADEN to enable address detect.

6. Enable the reception by setting enable bit CREN
or SREN.

7. Flag bit RCIF will be set when reception is
complete, and an interrupt will be generated if
enable bit RCIE was set.

8. Read the 8-bit received data by reading the
RCREG register to determine if the device is
being addressed.

9. If any error occurred, clear the error by clearing
enable bit CREN if it was already set.

10. If the device has been addressed (RSR<8> = 1
with address match enabled), clear the ADEN
and RCIF bits to allow data bytes and address
bytes to be read into the receive buffer and
interrupt the CPU.

TABLE 12-8: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on Value on
Address| Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
RESETS
0Ch PIR1 EEIF CMIF | RCIF TXIF CCP1IF| TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN RX9 | SREN CREN | ADEN | FERR | OERR | RX9D | 0000 -00x| 0000 -00x
1Ah RCREG RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 | 0000 0000| 0000 0000
8Ch PIE1 EEIE | CMIE| RCIE TXIE CCP1IE| TMR2IE| TMR1IE| 0000 -000| 0000 -000
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.
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TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on Value on all
Address | Name Bit 7 Bit6é | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR other
RESETS
0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA | SPEN RX9 | SREN|CREN| ADEN | FERR | OERR | RX9D | 0000 -00x| 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
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, read as '0'. Shaded cells are not used for Synchronous Master Transmission.

FIGURE 12-12: SYNCHRONOUS TRANSMISSION

Q1|Q2|Q3|Q4EQ1|QZF!3|Q4IQ1|Q2|Q3’Q4!Q1|Q2|QS‘ Q4!Q1|Q2’Q3|Q4| ‘Q3|Q4; Q1|02|Q3|Q4!Q1|02|Q3|Q4!Q1|Q2 |03|Q4J:Q1|Q2|QS|Q41Q1|Q2P3|Q4!Q1|Q2|Q3 |Q4

RB1/RX/DT Pin ' X Bito X Bit1 X Btz ><:§D< Bit7 x Bito X Biti )CSDC:&N
- - “ WORD 1~ WORD 2—
RB2/TX/CK Pin . [ . . W C o
WRITE to | | : : : : : : :
TXREG REG M— : [l : o5 : ; : ; ) :
Write WORD1 Write WORD2 . | . - |
TXIF Bit C ' ' ' ' ' ' ; Iqe -
(Interrupt Flag) : ! : : )()( ! ! : ) PP :
TRMT Bit I I ' ' (¢ I I ! 5 (¢ I ‘
. . . . b)) . . . . p)) .
TXEN Bit—. . \ ' : (¢ : : : : (¢ : 1

Note 1: Sync Master mode; SPBRG = ‘0. Continuous transmission of two 8-bit words.

FIGURE 12-13: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RB1/RX/DT pin X B0 X Bit1 X Bi2 SS X__Bte X Bit7

RB2/TX/CK pin 4/_\_/_\_/_\§>( /_\
rellles ] ){5 |
| | ¢ 5
TXIF bit ( g
TRMT bit 4‘ )( )(
(C
TXEN bit ))
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12.5.2 USART SYNCHRONOUS SLAVE

RECEPTION

The operation of the Synchronous Master and Slave
modes is identical except in the case of the SLEEP
mode. Also, bit SREN is a don't care in Slave mode.

If receive is enabled, by setting bit CREN, prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

setting bits SYNC and SPEN and clearing bit
CSRC.

If interrupts are desired, then set enable bit
RCIE.

If 9-bit reception is desired, then set bit RX9.
To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is
complete and an interrupt will be generated, if
enable bit RCIE was set.

Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the

RCREG register.

If any error occurred, clear the error by clearing
bit CREN.

Steps to follow when setting up a Synchronous Slave
Reception: 8.

1. Enable the synchronous master serial port by

TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on Value on all
Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other

RESETS

0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA | SPEN RX9 | SREN |CREN| ADEN | FERR | OERR | RX9D |0000 -00x| 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010| 0000 -010
9%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented read as '0'. Shaded cells are not used for Synchronous Slave Transmission.
TABLE 12-12: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other

RESETS

0Ch PIR1 EEIF | CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN RX9 | SREN |CREN| ADEN | FERR | OERR | RX9D | 0000 -00x| 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
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 read as '0'. Shaded cells are not used for Synchronous Slave Reception.
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14.9.1 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of
the following events:

1. External RESET input on MCLR pin
2. Watchdog Timer Wake-up (if WDT was enabled)

3. Interrupt from RBO/INT pin, RB Port change, or
the Peripheral Interrupt (Comparator).

The first event will cause a device RESET. The two
latter events are considered a continuation of program
execution. The TO and PD bits in the STATUS register
can be used to determine the cause of device RESET.
PD bit, which is set on power-up is cleared when
SLEEP is invoked. TO bit is cleared if WDT Wake-up
occurred.

When the SLEEP instruction is being executed, the
next instruction (PC + 1) is pre-fetched. For the device
to wake-up through an interrupt event, the

corresponding interrupt enable bit must be set
(enabled). Wake-up is regardless of the state of the
GIE bit. If the GIE bit is clear (disabled), the device con-
tinues execution at the instruction after the SLEEP
instruction. If the GIE bit is set (enabled), the device
executes the instruction after the SLEEP instruction
and then branches to the interrupt address (0004h). In
cases where the execution of the instruction following
SLEEP is not desirable, the user should have an NOP
after the SLEEP instruction.

Note:

If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the correspond-
ing interrupt flag bits set, the device will
immediately wake-up from SLEEP. The
SLEEP instruction is completely executed.

The WDT is cleared when the device wakes-up from
SLEEP, regardless of the source of wake-up.

FIGURE 14-17: WAKE-UP FROM SLEEP THROUGH INTERRUPT
» Q11 @2l @3l 4, a1l @2| @3l a4, Q1 i . Q1 o4 Q3 a4, a1l Q2| a3l a4; a1l Q4 @3l @4, a1l @2l Q3| a4,
AW AWAWRWRWRW AW s A AW AV AVAWAWAWAWAWAWAWAWAW '
oser | . -~ . . [
CLKOUT®# \ \ \  Tost® | \ \ \ Y ammm—
INT pin : l l : ! l l l l
INTF flag . : : N , ' , , '
(INTCON<1>) /1.= . Interrupt Latengy \ - ,
GIE bit : : : . . (Note2) | : : :
I -

! ' 1 Processor ih ' ] \ : : ]
INTCON<7>), , J . . " ’ f
( ). ' . SLEEP ) ) ' ' '
INSTRUCTION FLOW : : : : : : : :
PC X PC Y—PCH X PC+2 N PCciz W PC+z Y 000dn Y 0005h .
struction {1 inst(PC) = SLEEP  Inst(PC + 1) ! ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h)
E)(Setrcuucitekc)ln : Inst(PC - 1) . SLEEP : . Inst(PC+1) . Dummycycle .  Dummy cycle Inst(0004h) :

Note 1: XT, HS or LP Oscillator mode assumed.

: TosT = 1024 Tosc (drawing not to scale). Approximately 1 us delay will be there for ER 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.

14.10 Code Protection

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

Note: The entire data EEPROM and FLASH
program memory will be erased when the
code protection is turned off. The INTRC
calibration data is not erased.

14.11 User ID Locations

Four memory locations (2000h-2003h) are designated
as user ID locations where the user can store
checksum or other code-identification numbers. These
locations are not accessible during normal execution
but are readable and writable during program/verify.
Only the Least Significant 4 bits of the user ID locations
are used.

© 2003 Microchip Technology Inc.

Preliminary

DS40300C-page 105



PIC16F62X

15.1 Instruction Descriptions
ADDLW Add Literal and W ANDLW AND Literal with W
Syntax: [ label] ADDLW  k Syntax: [label] ANDLW  k
Operands: 0<k<255 Operands: 0<k<255
Operation: (W) + k > (W) Operation: (W) .AND. (k) = (W)
Status Affected: C,DC, Z Status Affected: Z
Encoding: ‘ 11 ‘ 111x ‘ kkkk ‘ kkkk ‘ Encoding: ‘ 11 ‘ 1001 ‘ kkkk ‘ kkkk ‘
Description: The contents of the W register Description: The contents of W register are
are added to the eight bit literal AND’ed with the eight bit literal
'k' and the result is placed in the 'k'. The result is placed in the W
W register. register.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example ADDLW  0x15 Example ANDLW  0x5F
Before Instruction Before Instruction
W = 0x10 W = O0xA3
After Instruction After Instruction
W = 0x25 W = 0x03
ANDWF AND W with f
ADDWF Add W and f Syntax. [label] ANDWF  f.d
Syntax: [ /abel] ADDWF fd Operands: 0<f<127
Operands: 0<f<127 d € [0,1]
d e [0,1] Operation: (W) .AND. (f) — (dest)
Operation: (W) + (f) > (dest) Status Affected:  Z
Status Affected: C, DC, Z Encoding: 00 I 0101 I dfff I fEEF ‘
Encoding: ‘ 00 ’ 0111 ‘ dfff ’ Efff ‘ Description: AND the W register with register
Description: Add the contents of the W regis- 'f'. If 'd"is O the result is stored in
ter with register 'f'. If 'd" is O the the W register. If 'd" is 1 the
result is stored in the W register. result is stored back in register
If'd"is 1 the result is stored back T.
in register 'f'. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Example ANDWF  REG1, 1
Example ADDWF  REGL, 0 Before Instruction
Before Instruction W = 0x17
W = 0x17 REG1 = 0xC2
REG1 = 0xC2 After Instruction
After Instruction w = 0x17
w = 0xD9 REG1 = 0x02
REG1 = 0xC2
Z =0
C =0
DC =0
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Bit Test f, Skip if Clear

BCF Bit Clear f BTFSC
Syntax: [label 1 BCF fb Syntax:
Operands: 0<f<127 Operands:
0<b<7
Operation: 0 — (f<b>) Operation:
Status Affected:  None Status Affected:
Encoding: | 01 ‘ 00bb ‘ bfff ‘ ffff ‘ Encoding:
Description: Bit 'b’ in register 'f' is cleared. Description:
Words: 1
Cycles: 1
Example BCF REG1, 7
Before Instruction
REG1 = 0xC7
After Instruction
REG1 = 0x47 Words:
Cycles:
. Example
BSF Bit Set f
Syntax: [ label 1 BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Encoding: | 01 ‘ 01bb ‘ bEEE ‘ FEFE ‘
Description: Bit 'b' in register 'f' is set.
Words: 1
Cycles: 1
Example BSF REG1, 7
Before Instruction
REG1 = Ox0A
After Instruction
REG1 = Ox8A

[ label ] BTFSC fb

0<f<127
0<bx<s7

skip if (f<b>) =0
None

01 ‘ 10bb ‘ bfff ‘ ffff

If bit 'b" in register 'f' is '0' then the
next instruction is skipped.

If bit 'b' is '0' then the next
instruction fetched during the
current instruction execution is
discarded, and a NOP is executed
instead, making this a two-cycle
instruction.

]
1(2)

HERE BTFSC REG1

FALSE GOTO PROCESS_CODE
TRUE L]

Before Instruction
PC = address HERE
After Instruction
if REG<1> =0,
PC = address TRUE
if REG<1>=1,
PC = address FALSE
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [ label ] BTFSS fb Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0<k<2047
0<b<7 Operation: (PC)+ 1> TOS,
Operation: skip if (f<b>) = 1 k —» PC<10:0>,
Status Affected:  None (PCLATH<4:3>) — PC<12:11>
Encoding: 01 ‘ 11bb ‘ bEfE ‘ FEEE ‘ Status Affected:  None
Description: If bit 'b" in register ' is '1' then the Encoding: 10 ‘ Okkk ‘ Klkek ‘ Klkek
next instruction is skipped. Description: Call Subroutine. First, return
If bit 'b" is '1", then the next address (PC+1) is pushed onto
instruction fetched during the the stack. The eleven bit
current instruction execution, is immediate address is loaded
discarded and a NOP is executed into PC bits <10:0>. The upper
instead, making this a two-cycle bits of the PC are loaded from
instruction. PCLATH. cALL is a two-cycle
Words: 1 instruction.
CyC'eS: 1(2) Words: 1
Example HERE  BTFSS  REGL Cycles: 2
FALSE GOTO PROCESS_CODE Example HERE CALL  THERE
TRUE : Before Instruction
R PC = Address HERE
Before Instructi After Instruction
etore ns(;uci Iondd PC = Address THERE
= address HERE TOS = Address HERE+1
After Instruction
if FLAG<1> =0,
PC = address FALSE
if FLAG<1> =1, CLRF Clear f
PC= address TRUE Syntax: [ label] CLRF f
Operands: 0<f<127
Operation: 00h — (f)
1527
Status Affected: Z
Encoding: 00 ‘ 0001 ‘ 1££f ‘ FEEf
Description: The contents of register 'f' are
cleared and the Z bit is set.
Words: 1
Cycles: 1
Example CLRF REG1

Before Instruction

REG1 = O0x5A
After Instruction

REG1 = 0x00

V4 = 1

© 2003 Microchip Technology Inc.

Preliminary

DS40300C-page 111



PIC16F62X

RRF Rotate Right f through Carry
Syntax: [label] RRF f,d
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Encoding: | 00 ‘ 1100 ‘ Afff ‘ FEEE ‘
Description: The contents of register 'f' are
rotated one bit to the right
through the Carry Flag. If 'd"is O
the result is placed in the W
register. If 'd" is 1 the result is
placed back in register 'f'.
—~{CI-~[REGISTERF |+
Words: 1
Cycles: 1
Example RRF REG1, 0
Before Instruction
REG1 = 1110 0110
Cc =0
After Instruction
REG1 = 1110 0110
w = 0111 0011
C =0
SLEEP
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1-T0,
0—->PD
Status Affected: ﬁ, PD
Encoding: ‘ 00 | 0000 ‘ 0110 ‘ 0011 |
Description: The power-down STATUS bit,
PD is cleared. Timeout
STATUS bit, TO is set.
Watchdog Timer and its
prescaler are cleared.
The processor is put into
SLEEP mode with the
oscillator stopped. See
Section 14.9 for more details.
Words: 1
Cycles: 1
Example: SLEEP

SUBLW Subtract W from Literal
Syntax: [label] SUBLW k
Operands: 0<k<255
Operation: k-(W)—> (W)
Status C,DC,z
Affected:
Encoding: 11 ‘ 110x ‘ Kkkk | kkkk ‘
Description: The W register is subtracted (2’s
complement method) from the eight
bit literal 'k'. The result is placed in
the W register.
Words: 1
Cycles: 1
Example 1: SUBLW 0x02
Before Instruction
W =1
c =7
After Instruction
W =1
C = 1;resultis positive
Example 2: Before Instruction
W= 2
c =27
After Instruction
W= 20
C = 1;resultis zero
Example 3: Before Instruction
W= 3
c =27
After Instruction
W = OxFF
C = 0;resultis negative
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XORLW Exclusive OR Literal with W

Syntax: [label] XORLW k

Operands: 0<k<255

Operation: (W) .XOR. k - (W)

Status Affected: Z

Encoding: 11 ‘ 1010 | Kkkk ‘ kkkk ‘

Description: The contents of the W register
are XOR’ed with the eight bit
literal 'k'. The result is placed in
the W register.

Words: 1

Cycles: 1

Example: XORLW  OXAF

Before Instruction

W = 0xB5
After Instruction
W = O0x1A

XORWF Exclusive OR W with f

Syntax: [label] XORWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) .XOR. (f) — (dest)

Status Affected: Z

Encoding: ‘ 00 ‘ 0110 ‘ Afff ‘ FEEE ‘

Description: Exclusive OR the contents of the
W register with 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'.

Words: 1

Cycles: 1

Example XORWF REG1, 1

Before Instruction

REG1 = OxAF
W = 0xB5
After Instruction
REG1= O0Ox1A
W = 0xB5
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FIGURE 17-1: PIC16F62X VOLTAGE-FREQUENCY GRAPH, 0°C < TA < +70°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 17-2: PIC16F62X VOLTAGE-FREQUENCY GRAPH, -40°C < TA < 0°C, +70°C < TA < 85°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
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DC Characteristics: PIC16F62X-04 (Commercial, Industrial, Extended)
PIC16F62X-20 (Commercial, Industrial, Extended)
PIC16LF62X-04 (Commercial, Industrial)

PIC16LF62X-04 Standgrd Operating Conditioons (unless otoherwi.se statgd)
(Commercial, Industrial) Operating temperature -40°C < Ta < +85°C for mdustngl and
0°C < Ta < +70°C for commercial
PIC16F62X-04 Standgrd Operating Conditions (unless otherwi.se statgd)
Operating temperature -40°C < Ta < +85°C for industrial and
PIC16F62X-20 o o i
(Commercial, Industrial, Extended) e i e
’ ’ -40°C < Ta < +125°C for extended
Pilr:.m Sym Characteristic/Device Min Typt Max Units Conditions
IPD Power Down Current*(: ()
D020 PIC16LF62X| — 0.20 2.0 WA |VDD=20
— 0.20 22 pA VoD =5.5
D020 PIC16F62X — 0.20 22 pA VoD = 3.0
— 0.20 5.0 pA VDD = 4.5*
— 0.20 9.0 pA Vbbb =5.5
— 2.70 15.0 pA VoD = 5.5 Extended
AlwbT | WDT Current® — 6.0 15 pA | Vbp=3.0V
AlBoD | Brown-out Detect Current(® — 75 125 pA BOD enabled, VDD = 5.0V
D023 Alcomp | Comparator Current for each — 30 50 pA VDD = 3.0V
Comparator(4)
AIVREF | VREF Current(® — 135 pA | VDD = 3.0V
AlwpT [ WDT Current®) — 6.0 20 WA | VDD = 4.0V, Commercial,
Industrial
25 A VDD = 4.0V, Extended
D023 AlBOD | Brown-out Detect Current(® = 75 125 uA | BOD enabled, VDD = 5.0V
Alcomp | Comparator Current for each — 30 50 LA VDD = 4.0V
Comparator(4)
AIVREF | VREF Current®) — 135 pA | VDD =4.0V
Legend: Rows with standard voltage device data only are shaded for improved readability.
*  These parameters are characterized but not tested.
1t Datain “Typ” column is at 5.0V, 25°C, unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con-
sumption.

The test conditions for all IDD measurements in active Operation mode are:
OSC1 = external square wave, from rail to rail; all /O pins tri-stated, pulled to VDD,
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is measured with
the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss.

4: The A current is the additional current consumed when this peripheral is enabled. This current should be added to the
base IDD or IPD measurement.

5: For RC osc configuration, current through REXT is not included. The current through the resistor can be estimated by the

formula Ir = VDD/2REXT (mA) with REXT in kQ.
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| Note: The graphs and tables provided in this section are for design guidance and are not tested.

FIGURE 18-12: AlTMR10scC vs VDD OVER TEMP (0C to +70°C)
SLEEP MODE, TIMER1 OSCILLATOR, 32 kHz XTAL

Typical: statistical mean @ 25°C
AlTMR10sC vs VDD over Temp (0C to +70C) M?",'mu"‘_: mean + g’" ('38:8 Io gg:g)
Sleep mode, Timer1 oscillator, 32 kHz XTAL inimum:  mean - 3 (- 0 )
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FIGURE 18-13: AlwpT vs VbD SLEEP MODE, WATCH DOG TIMER ENABLED

Typical: statistical mean @ 25°C
Maximum: mean + 3o (-40°C to 125°C)
Minimum: mean — 3¢ (-40°C to 125°C)

AlwpT vs VDD
Sleep mode, watch dog timer enabled
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| Note: The graphs and tables provided in this section are for design guidance and are not tested.

FIGURE 18-14: Alcomp vs Vbb SLEEP MODE, COMPARATORS ENABLED

Typical: statistical mean @ 25°C

Maximum: mean + 3o (-40°C to 125°C)
Alcomp vs Vbp Minimum: mean — 36 (-40°C to 125°C)

Sleep mode, Comparators enabled
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FIGURE 18-15: AlvREF vs VDD SLEEP MODE, VREF ENABLED

Typical: statistical mean @ 25°C
AIVREF vs VDD Maximum: mean + 3o (-40°C to 125°C)
Minimum: mean - 3c (-40°C to 125°C)

Sleep mode, VREF enabled
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