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NOTES:
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PIC16F62X

3.0 MEMORY ORGANIZATION

31 Program Memory Organization

The PIC16F62X has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. Only
the first 1K x 14 (0000h - 03FFh) for the PIC16F627
and 2K x 14 (0000h - 07FFh) for the PIC16F628 are
physically implemented. Accessing a location above
these boundaries will cause a wrap-around within the
first 1K x 14 space (PIC16F627) or 2K x 14 space
(PIC16F628). The RESET vector is at 0000h and the
interrupt vector is at 0004h (Figure 3-1).

FIGURE 3-1: PROGRAM MEMORY MAP
AND STACK
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

Stack Level 1
Stack Level 2

[ ]
Stack Level 8

RESET Vector 000h
<::
Interrupt Vector 0004
) 0005
On-chip Program
Memory
PIC16F627 and
PIC16F628
03FFh
On-chip Program
Memory
PIC16F628 only
07FFh
1FFFh

3.2 Data Memory Organization

The data memory (Figure 3-2) is partitioned into four
banks, which contain the general purpose registers and
the Special Function Registers (SFR). The SFR’s are
located in the first 32 locations of each Bank. Register
locations 20-7Fh, AOh-FFh, 120h-14Fh, 170h-17Fh
and 1FOh-1FFh are general purpose registers
implemented as static RAM.

The Table below lists how to access the four banks of
registers:

RP1 RPO
BankO 0 0
Bank1 0 1
Bank2 1 0
Bank3 1 1

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
implemented as common RAM and mapped back to
addresses 70h-7Fh.

3.21 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 224 x 8 in the
PIC16F62X. Each is accessed either directly or
indirectly through the File Select Register FSR (See
Section 3.4).

© 2003 Microchip Technology Inc.
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PIC16F62X

TABLE 3-3: SPECIAL FUNCTION REGISTERS SUMMARY BANK 2

Value on .
. . . . . . . . Details on
Address | Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR
Reset(!) Page
Bank 2
100h INDF Addr)essing this location uses contents of FSR to address data memory (not a physical reg- | xxxx xxxx 25
ister
101h TMRO RBPU I INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PS0 1111 1111 43
102h PCL Program Counter's (PC) Least Significant Byte 0000 0000 25
103h STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx 19
104h FSR Indirect data memory address pointer XXXX KXXX 25
105h — Unimplemented = =
106h PORTB RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO | sxxx xxxx 34
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented = =
10Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 25
10Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 21
10Ch — Unimplemented — —
10Dh — Unimplemented — —
10Eh — Unimplemented = —
10Fh — Unimplemented — —
110h — Unimplemented — —
111h — Unimplemented — —
112h — Unimplemented = —
113h — Unimplemented — —
114h — Unimplemented — —
115h — Unimplemented — —
116h — Unimplemented = =
117h — Unimplemented — —
118h — Unimplemented — —
119h — Unimplemented — —
11Ah — Unimplemented = —
11Bh — Unimplemented = —
11Ch — Unimplemented — —
11Dh — Unimplemented — —
11Eh — Unimplemented — —
11Fh — Unimplemented = =
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unim-

plemented.
Note 1: For the Initialization Condition for Registers Tables, refer to Table 14-7 and Table 14-8 on page 98.
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PIC16F62X

TABLE 3-4: SPECIAL FUNCTION REGISTERS SUMMARY BANK 3

Value on .
. . . . . . . . Details on
Address | Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR
Reset(!) Page
Bank 3
180h INDF Addr)essing this location uses contents of FSR to address data memory (not a physical reg- | xxxx xxxx 25
ister
181h OPTION RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PS0 1111 1111 20
182h PCL Program Counter's (PC) Least Significant Byte 0000 0000 25
183h STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx 19
184h FSR Indirect data memory address pointer XXXX KXXX 25
185h — Unimplemented = =
186h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 34
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented = =
18Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 25
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 21
18Ch — Unimplemented — —
18Dh — Unimplemented — —
18Eh — Unimplemented = =
18Fh — Unimplemented — —
190h — Unimplemented — —
191h — Unimplemented — —
192h — Unimplemented = =
193h — Unimplemented — —
194h — Unimplemented — —
195h — Unimplemented — —
196h — Unimplemented = =
197h — Unimplemented — —
198h — Unimplemented — —
199h — Unimplemented — —
19Ah — Unimplemented = =
19Bh — Unimplemented = =
19Ch — Unimplemented — —
19Dh — Unimplemented — —
19Eh — Unimplemented — —
19Fh — Unimplemented — —
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unim-

plemented

Note 1: For the Initialization Condition for Registers Tables, refer to Table 14-7 and Table 14-8 on page 98.
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PIC16F62X

FIGURE 5-10: BLOCK DIAGRAM OF
RB2/TX/CK PIN
VDD
RBPU Weak
PORT/PERIPHERAL Select(") — p Pull-up
* VDD
USART TX/CK Output 0
Data Bus 1 RB2/
D Q TX/ICK
WR PORTB Clz\i_a
Data Latch Vss
e— D Q
WR TRISB -
AARLL - B . YR W
TRIS Latch
Peripheral OE®
° <r TTL
Input
RD TRISB Buffer
Q D <I—<
EN
RD PORTB Dc _‘
USART Slave Clock In /|
Schmitt >~
Trigger
Note 1: Port/Peripheral select signal selects between port
data and peripheral output.
2: Peripheral OE (output enable) is only active if
peripheral select is active.

FIGURE 5-11: BLOCK DIAGRAM OF
RB3/CCP1 PIN
VDD
RBPU Weak
PORT/PERIPHERAL Select(!) — P Pull-up
* VDD
USART TX/CK output 0
Data Bus 1 RB3/
b Q CCP1
WR PORTB CE\_a
Data Latch Vss
o— D Q
WR TRISB —
TR0 L heka
TRIS Latch
Peripheral OE®
< | TTL
Input
RD TRISB j Buffer
Q D —<]—o
EN
RD PORTB {>o _‘
USART Slave Clock In _/|
Schmitt |
Trigger
Note 1: Port/Peripheral select signal selects between port
data and peripheral output.
2: Peripheral OE (output enable) is only active if
peripheral select is active.
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PIC16F62X

FIGURE 5-12: BLOCK DIAGRAM OF RB4/PGM PIN
R VDD
RBPU E’
D)_d P weak pull-up
Data Bus
D Q VDD
WR PORTB C}Z\_a
Data Latch ,\ %
D Q RB4/PGM
WR TRISB Ci\_a
r Vss
TRIS Latch
e
RD TRISB \l\J
LVP
/\II
RD PORTB
PGM input |
- 7 |
Schmitt T
Trigger input
99 buffer
Q D
EN Q1
Set RBIF jﬂL
From other < ( P Q D
RB<7:4> pins
Q3
ndS
Note 1: The low voltage programming disables the interrupt-on-change and the weak pull-ups on RB4.
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PIC16F62X

6.3.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on the fly” during

To change prescaler from the WDT to the TMRO
module use the sequence shown in Example 6-2. This
precaution must be taken even if the WDT is disabled.

) . . EXAMPLE 6-2: CHANGING PRESCALER
program execution). Use the instruction sequences, (WDT—TIMERO)
shown in Example 6-1, when changing the prescaler
assignment from Timer0 to WDT, to avoid an
unintended device RESET. CLRWDT ;Clear WDT and
;prescaler
EXAMPLE 6-1: CHANGING PRESCALER ﬁigm ETATUSé RPO Select THRO
' XXXX0OXXX' ;Selec , new
(TIMEROAWDT) ;prescale value and
BCF STATUS, RPO ;Skip if already in iclock source
.Bank 0 MOVWF OPTION REG
CLRWDT ;Clear WDT BCF STATUS, RPO
CLRF TMRO ;Clear TMRO & Prescaler
BSF STATUS, RPO ;Bank 1
MOVLW '00101111’b  ;These 3 lines
i(5, 6, 7)
MOVWF OPTION_REG ;are required only
;1f desired PS<2:0>
;are
CLRWDT ;000 or 001
MOVLW '00101xxx’'b ;Set Postscaler to
MOVWF OPTION REG ;desired WDT rate
BCF STATUS, RPO ;Return to Bank 0
TABLE 6-1: REGISTERS ASSOCIATED WITH TIMERO
Value on Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
RESETS
01h TMRO Timer0 module register XXXX XXXX | uuuu uuuu
?g’g/r?/?géh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x| 0000 000u

81h,181h | OPTION( | RBPU |[INTEDG| TOCS | TOSE

PSA PS2 PS1 PSO 1111 11111111 1111

85h TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4

TRISA3 | TRISA2 | TRISA1 | TRISAO | 1111 1111|1111 1111

Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown

Note 1: Shaded bits are not used by TMRO module.
2: Option is referred by OPTION REG in MPLAB.

© 2003 Microchip Technology Inc.
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PIC16F62X

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
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PIC16F62X

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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PIC16F62X

FIGURE 12-14:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1I Q2|Q3|Q4i01| Q2‘Q3|Q41:Q1| Q2|QS|Q4iQ1| Q2‘Q3|Q4iQ1| Q2‘Q3|Q4iQ1| Q2|Q3|Q4iQ1| Q2‘Q3|Q4iQ1| QZ|Q3|Q4iQ1| Q2|Q3|Q4j

RB1/RX/DT PIN

'BIT0 X :BIT1 X7 BIT2 X BIT3 X BIT4 X BIT5 X BIT6 X BIT7

RB2/TX/CK PIN : N S I S
WRITE TO

BIT SREN f

SREN BIT —
CREN BIT @

' '
' '
' '
' '
'

RCIF BIT

(INTERRUPT)
READ

RXREG

T
' '
'
'
' { '
' '
' '
[ '

Note 1: Timing diagram demonstrates Sync Master mode with bit SREN = ‘1’ and bit BRG = ‘0.

12.5 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RB2/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

12.5.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical except in the case of the SLEEP
mode.

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

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the
interrupt vector (0004h).

Steps to follow when setting up a Synchronous Slave
Transmission:

1. Enable the synchronous slave serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

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

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

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.
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PIC16F62X

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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14.2 Oscillator Configurations

14.2.1

OSCILLATOR TYPES

CAPACITOR SELECTION FOR
CERAMIC RESONATORS

TABLE 14-1:

Ranges Characterized:

The PIC16F62X can be operated in eight different
oscillator options. The wuser can program three
configuration bits (FOSC2 thru FOSCO) to select one of
these eight modes:

Mode

Freq

0sCc1(C1)

0SC2(C2)

XT

455 kHz
2.0 MHz
4.0 MHz

22 - 100 pF
15 - 68 pF
15 - 68 pF

22-100 pF
15 - 68 pF
15 - 68 pF

HS

8.0 MHz
16.0 MHz

10 - 68 pF
10 - 22 pF

10 - 68 pF
10 - 22 pF

« LP Low Power Crystal

« XT Crystal/Resonator

* HS High Speed Crystal/Resonator

* ER External Resistor (2 modes)

* INTRC Internal Resistor/Capacitor (2 modes)

« EC External Clock In

14.2.2 CRYSTAL OSCILLATOR / CERAMIC

Note 1: Higher capacitance increases the stability of the oscilla-
tor but also increases the start-up time. These values
are for design guidance only. Since each resonator has
its own characteristics, the user should consult the res-
onator manufacturer for appropriate values of external

components.

TABLE 14-2: CAPACITOR SELECTION FOR

RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1 and OSC2 pins to establish
oscillation (Figure 14-1). The PIC16F62X oscillator
design requires the use of a parallel cut crystal. Use of
a series cut crystal may give a frequency out of the
crystal manufacturers specifications. When in XT, LP or
HS modes, the device can have an external clock
source to drive the OSC1 pin (Figure 14-4).

CRYSTAL OSCILLATOR

Mode

Freq

osc1(c1)

0SC2(C2)

LP

32 kHz
200 kHz

68 - 100 pF
15- 30 pF

68 - 100 pF
15- 30 pF

XT

100 kHz
2 MHz
4 MHz

68 - 150 pF
15 - 30 pF
15- 30 pF

150 - 200 pF
15 - 30 pF
15 - 30 pF

HS

8 MHz
10 MHz
20 MHz

15 - 30 pF
15 - 30 pF
15 - 30 pF

15- 30 pF
15 - 30 pF
15- 30 pF

FIGURE 14-1: CRYSTAL OPERATION
(OR CERAMIC
RESONATOR) (HS, XT OR
LP OSC
CONFIGURATION)
Lo 0OSsC1
o1
(| XTAL

Cc2

NOTE 1
PIC16F62X
Note 1: A series resistor may be required for some crys-
tals.
2: See Table 14-1 and Table 14-2 for recommended

osc2 | °
[ RS |=—j

Fosc

values of C1 and C2.

Note 1: Higher capacitance increases the stability of the oscilla-
tor but also increases the start-up time. These values
are for design guidance only. Rs may be required in HS
mode as well as XT mode to avoid overdriving crystals
with low drive level specification. Since each crystal
has its own characteristics, the user should consult the
crystal manufacturer for appropriate values of external
components.

EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used, or a
simple oscillator circuit with TTL gates can be built.
Prepackaged oscillators provide a wide operating
range and better stability. A well-designed crystal
oscillator will provide good performance with TTL
gates. Two types of crystal oscillator circuits can be
used; one with series resonance, or one with parallel
resonance.

14.2.3

Figure 14-2 shows implementation of a parallel
resonant oscillator circuit. The circuit is designed to use
the fundamental frequency of the crystal. The 74AS04
inverter performs the 180° phase shift that a parallel
oscillator requires. The 4.7 kQ resistor provides the
negative feedback for stabilty. The 10kQ
potentiometers bias the 74AS04 in the linear region.
This could be used for external oscillator designs.
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TABLE 14-7: INITIALIZATION CONDITION FOR SPECIAL REGISTERS
Condition Program STATUS PCON
Counter Register Register
Power-on Reset 000h 0001 1xxx ---- 1-0x
MCLR Reset during normal operation 000h 000u uuuu ---- 1l-uu
MCLR Reset during SLEEP 000h 0001 Ouuu ---- 1l-uu
WDT Reset 000h 0000 uuuu ---- 1l-uu
WDT Wake-up PC +1 uuul Ouuu ---- u-uu
Brown-out Detect Reset 000h 000x xuuu ---- 1-u0
Interrupt Wake-up from SLEEP PC + 1M uuul Ouuu ---- u-uu
Legend: u =unchanged, x =unknown, - =unimplemented bit, reads as ‘0’.
Note 1: When the wake-up is due to an interrupt and global enable bit, GIE is set, the PC is loaded with the interrupt vector
(0004h) after execution of PC+1.
TABLE 14-8: INITIALIZATION CONDITION FOR REGISTERS
* MCLR Reset during normal * Wake-up from SLEEP through
operation interrupt
. Power-on —_— .
Register Address Reset ¢ MCLR Reset during SLEEP * Wake-up from SLEEP through
* WDT Reset WDT timeout
 Brown-out Detect Reset (1)
W —_ XXXX XXXX uuuu uuuu uuuu uuuu
INDF 00h — — —
TMRO 01h XXXX XXXX uuuu uuuu uuuu uuuu
PCL 02h 0000 0000 0000 0000 pc + 1)
STATUS 03h 0001 1xxx 000gq quuu (¥ uuug quuu‘?
FSR 04h XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 05h xxxx 0000 xxxX u000 xxxX 0000
PORTB 06h XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 10h --00 0000 --uu uuuu --uu uuuu
T2CON 12h -000 0000 -000 0000 -uuu uuuu
CCP1CON 17h --00 0000 --00 0000 --uu uuuu
RCSTA 18h 0000 -00x 0000 -00x uuuu -uuu
CMCON 1Fh 0000 0000 0000 0000 uu-- uuuu
PCLATH 0Ah ---0 0000 ---0 0000 ---Uu uuuu
INTCON 0Bh 0000 000x 0000 000u uuuu ugqq
PIR1 0Ch 0000 -000 0000 -000 -g-- ----(2:3)
OPTION 81h 1111 1111 1111 1111 uuuu uuuu
TRISA 85h 11-1 1111 11-- 1111 uu-u uuuu
TRISB 86h 1111 1111 1111 1111 uuuu uuuu
PIE1 8Ch 0000 -000 0000 -000 uuuu -uuu
PCON 8Eh ---- 1-0x -—-- 1-ug®® | . uu
TXSTA 98h 0000 -010 0000 -010 uuuu -uuu
EECON1 9Ch ---- x000 ---- g000 ---- uuuu
VRCON 9Fh 000- 0000 000- 0000 uuu- uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, g = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.
2: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
3:  When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).
4: See Table 14-7 for RESET value for specific condition.
5: If wake-up was due to comparator input changing, then Bit 6 = 1. All other interrupts generating a wake-up will cause Bit 6 = u.
6: If RESET was due to brown-out, then Bit 0 = 0. All other RESETS will cause Bit 0 = u.
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15.0 INSTRUCTION SET SUMMARY

Each PIC16F62X 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 PIC16F62X instruction
set summary in Table 15-2 lists byte-oriented, bit-
oriented, and literal and control operations. Table 15-1
shows the opcode field descriptions.

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 number of the bit affected
by the operation, while 'f' represents the number 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.

TABLE 15-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)
Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

><>~_O'§"‘

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.

Defaultisd =1

label |Label name

TOS |Top of Stack

PC Program Counter
PCLA |Program Counter High Latch
TH

GIE Global Interrupt Enable bit
WDT |Watchdog Timer/Counter
TO Timeout bit

PD Power-down bit

dest |Destination either the W register or the specified regis-
ter file location

[1] Options

() Contents

- Assigned to

<> Register bit field
€ In the set of

italics | User defined term (font is courier)

The instruction set is highly orthogonal and is grouped
into three basic categories:

+ Byte-oriented operations
+ Bit-oriented operations
« Literal and control operations

All instructions are executed within one single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of an
instruction. In this case, the execution takes two
instruction cycles with the second cycle executed as a
NOP. One instruction cycle consists of four oscillator
periods. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time is 1pus. If a
conditional test is true or the program counter is
changed as a result of an instruction, the instruction
execution time is 2 ps.

Table 15-2 lists the instructions recognized by the
MPASM™ assembler.

Figure 15-1 shows the three general formats that the
instructions can have.

Note 1: Any unused opcode is reserved. Use of
any reserved opcode may cause unex-
pected operation.

2: To maintain upward compatibility with
future PICmicro® products, do not use the
OPTION and TRIS instructions.

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 15-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f(FILE #) |

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 109 76 0

OPCODE | b (BIT #) | f (FILE #)

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

Literal and control operations
General
13 87 0
| OPCODE | K (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0

| OPCODE | k (literal) |

k = 11-bit immediate value

© 2003 Microchip Technology Inc.
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CLRW Clear W COMF Complement f
Syntax: [label] CLRW Syntax: [ label] COMF f,d
Operands: None Operands: 0<f<127
Operation: 00h — (W) d_ €[01]
152 Operation: (f) > (dest)
Status Affected: Z Status Affected: Z
Encoding: | 0o | o001 | o000 | o011 | Encoding: o0 [aoo1 [aree [eees |
Description: W register is cleared. Zero bit Description: The contents of register 'f' are
(2) is set. complemented. If 'd" is O the
Words: 1 result ils stored in W. I.f 'd' is.1 the
result is stored back in register
Cycles: 1 P
Example CLRW Words: 1
Before Instruction Cycles: 1
W = O0x5A
After Instruction Example COME REGL, ©
W = 0x00 Before Instruction
Z =1 REG1 = 0x13
After Instruction
REG1 = 0x13
w = OxEC
CLRWDT Clear Watchdog Timer DECF Decrement f
Syntax: [label] CLRWDT Syntax: [Iabel] DECF fd
Operands: None Operands: 0<f<127
Operation: 00h - WDT de[0,1]
0 — WDT prescaler, Operation: (f) - 1 — (dest)
1-T0O :
1.5 PD Status Affected: Z
Status Affected:  TO, PD Encoding: ‘ 00 | 0011 | dfff | ffEf ‘
Encoding: | 00 I 0000 ‘ 0110 I 0100 ‘ Description: Decremeqt reglster.‘f'. If'd'is 0
the result is stored in the W
Description: CLRWDT instruction resets the register. If 'd" is 1 the result is
Watchdog Timer. It also resets stored back in register 'f.
the prescaler of the WDT. ]
STATUS bits TO and PD are set. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Example DECF CNT, 1
Example CLRWDT Before Instruction
] CNT = 0x01
Before Instruction Z =0
WDT counter = ? After Instruction
After Instruction CNT = 0x00
WDT counter = 0x00 Z =1
WDT prescaler = 0
TO = 1
PD =1
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INCF Increment f

Syntax: [label]l INCF f,d

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

Operation: (f)+ 1 —> (dest)

Status Affected: Z

Encoding: 00 ‘ 1010 ‘ AffE ‘ FEEE ‘

Description: The contents of register 'f' are
incremented. If 'd" is O the result
is placed in the W register. If 'd'
is 1 the result is placed back in
register 'f'.

Words: 1

Cycles: 1

Example INCF REG1, 1

Before Instruction

REG1 = OxFF
Z =0

After Instruction
REG1 = 0x00
Z =1

INCFSz Increment f, Skip if 0

Syntax: [label] INCFSzZ f,d

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

Operation: (f) + 1 — (dest), skip if result = 0

Status Affected:  None

Encoding: 00 ‘ 1111 ‘ Afff ‘ FEEE ‘

Description: The contents of register 'f' are
incremented. If 'd" is O the result
is placed in the W register. If 'd'
is 1 the result is placed back in
register 'f'.
If the result is 0, the next
instruction, which is already
fetched, is discarded. A NOP is
executed instead making it a
two-cycle instruction.

Words: 1

Cycles: 1

Example HERE INCFSZ REG1, 1

GOTO LOOP

CONTINUE e

Before Instruction

PC = address HERE
After Instruction

REG1 = REG1 +1

if CNT = 0,

PC = address CONTINUE

if REG1= 0,

PC = address HERE +1
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17.2 DC Characteristics: PIC16F62X (Commercial, Industrial, Extended)
PIC16LF62X (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
DC CHARACTERISTICS 0°C < TA <+70°C for commercial and
-40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC spec Table 17-1 and Table 17-2
Par‘;'zm. Sym Characteristic/Device Min Typt Max Unit Conditions
ViL Input Low Voltage
1/0 ports
D030 with TTL buffer Vss — 0.8 V | VDD =4.5V to 5.5V
0.15 VbD V | otherwise
D031 with Schmitt Trigger input Vss 0.2 VbD \
D032 MCLR, RA4/TOCKI,0SC1 Vss — 0.2 Vbp V | (Note1)
(in ER mode)
D033 OSC1 (in XT and HS) Vss — 0.3 VDD \%
OSC1 (in LP) Vss — 06VbD-10| V
VIH Input High Voltage
1/0 ports
D040 with TTL buffer 2.0V — VDD V | VDD =4.5Vto 5.5V
.25 VoD + 0.8V VDD V | otherwise
D041 with Schmitt Trigger input 0.8 VbD — VDD \%
D042 MCLR RA4/TOCKI 0.8 VbD — VDD \Y
D043 OSC1 (XT, HS and LP) 0.7 VDD — VDD \Y,
DO043A OSC1 (in ER mode) 0.9 Vbp V | (Note1)
D070 IPURB | PORTB weak pull-up 50 200 400 pA | VDD = 5.0V, VPIN = Vss
current
liL Input Leakage Current(2) 3)
I/0 ports (Except PORTA) +1.0 HA | Vss < VPIN < VDD, pin at hi-impedance
D060 PORTA — — +0.5 HA | Vss < VPIN < VDD, pin at hi-impedance
D061 RA4/TOCKI — — +1.0 pA | Vss <VPIN < VDD
D063 OSC1, MCLR — — +5.0 HA | Vss <VPIN < VDD, XT, HS and LP osc
configuration
VoL Output Low Voltage
D080 I/O ports — — 0.6 V | loL=8.5 mA, VDD=4.5V, -40° to +85°C
— — 0.6 V | loL=7.0 mA, VDD=4.5V, +125°C
D083 OSC2/CLKOUT (ER only) — — 0.6 V |loL=1.6 mA, VDD=4.5V, -40° to +85°C
— — 0.6 V |loL=1.2 mA, VDD=4.5V, +125°C
VOH Output High Voltage(3)
D090 I/0 ports (Except RA4) VDD - 0.7 — — V | IoH=-3.0 mA, VDD=4.5V, -40° to +85°C
VDD - 0.7 — — V | loH=-2.5 mA, VDD=4.5V, +125°C
D092 OSC2/CLKOUT (ER only) VoD - 0.7 — — V | loH=-1.3 mA, VDD=4.5V, -40° to +85°C
VbD - 0.7 — — V | loH=-1.0 mA, VDD=4.5V, +125°C
D150 Vob Open-Drain High Voltage — 8.5 V | RA4 pin PIC16F62X, PIC16LF62X*
Capacitive Loading Specs on Output Pins
D100* COSC2 | 0OSC2 pin — 15 pF | In XT, HS and LP modes when external
clock used to drive OSC1.
D101* Cio All /O pins/OSC2 (in ER mode) — 50 pF

These parameters are characterized but not tested.
1 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: In ER oscillator configuration, the OSC1 pin is a Schmitt Trigger input. It is not recommended that the PIC16F62X be driven with exter-
nal clock in ER mode.
2: The leakage current on the MCLR pin is strongly dependent on 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 coming out of the pin.
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FIGURE 17-7: CLKOUT AND I/O TIMING
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TABLE 17-5: CLKOUT AND 1I/O TIMING REQUIREMENTS
Pilr:m Sym | Characteristic Min Typt | Max Units
10* TosH2ckL | OSC17T to CLKOUTY 16F62X — 75 200 ns
10A* 16LF62X — — 400 ns
11* TosH2ckH | OSC17T to CLKOUTT 16F62X — 75 200 ns
11A* 16LF62X — — 400 ns
12* TckR CLKOUT rise time 16F62X — 35 100 ns
12A* 16LF62X — — 200 ns
13* TckF CLKOUT fall time 16F62X — 35 100 ns
13A* 16LF62X — — 200 ns
14* TckL2ioV | CLKOUT 4 to Port out valid — — 20 ns
15* TioV2ckH | Port in valid before 16F62X Tosc+200 ns — — ns
CLKOUT 1 16LF62X Tosc=400 ns — — ns
16* TckH2iol | Port in hold after CLKOUT T 0 — — ns
17* TosH2ioV | OSC1T (Q1 cycle) to 16F62X — 50 150* ns
Port out valid 16LF62X — — 300 ns
18* TosH2iol | OSC17 (Q2 cycle) to Port input invalid 100 — — ns
(I/0 in hold time) 200

These parameters are characterized but not tested.

T Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.
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FIGURE 17-10: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
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