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PIC16F62X

Pin Diagrams

PDIP, SOIC
RA2/AN2/VREF <—-[]-1 18] <—» RA1/AN1
RA3/AN3/CMP1 <—[]2 o 17— RAO/ANO
RA4/TOCKI/CMP2 <—[]3 O 16[]<—> RA7/0OSC1/CLKIN
RA5/MCLR/Vep —[]4 o 15[1<— RAB/0OSC2/CLKOUT
vss —=[]5 & 14[0<— VoD
RBO/INT <+—»[]6 § 13[] «-— RB7/T10SI/PGD
RB1/RX/DT <—»[]7 12[]<—» RB6/T10SO/T1CKI/PGC
RB2/TX/CK <—[]8 11[]<— RB5
RB3/CCP1 <—»[]9 10[] -— RB4/PGM
SSOP
RA2/AN2/VREF <—»[]+1 —  20[]<—» RA1/AN1
RA3/AN3/CMP1 <a—»[] 2 19[] -—» RAO/ANO
RA4/TOCKI/ICMP2 <—[]3 U 18[]<—> RA7/0OSC1/CLKIN
RA5/MCLRVPP —— [ 4 Q 17[]<—> RA6/0SC2/CLKOUT
Vss —p[]5 o 16 ]<«—— VDD
Vss «—»[]6 ; 15[ ] <«—— VDD
RBOINT « »[]7 X 14[]<—» RB7/T10SIPGD
RB1/RX/DT <—[]8 13[] <— RB6/T10SO/T1CKI/PGC
RB2/TX/CK <—»[]9 12[]<— RB5
RB3/CCP1 <e—»[] 10 11[] <«—» RB4/PGM
Device Differences
Process
Device Voltage Oscillator Technology
Range .
(Microns)
PIC16F627 3.0-55 (Note 1) 0.7
PIC16F628 3.0-55 (Note 1) 0.7
PIC16LF627 20-55 (Note 1) 0.7
PIC16LF628 2.0-55 (Note 1) 0.7
Note 1: If you change from this device to another device, please verify oscillator characteristics in your
application.
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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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PIC16F62X

FIGURE 5-1: BLOCK DIAGRAM OF FIGURE 5-2: BLOCK DIAGRAM OF
RAO/AN0:RA1/AN1 PINS RA2/VREF PIN
Data Data
Bus Bus
D Q VoD D Q VDD
= \IingTA
PORTA E CK~_ @ —«t CK™_ Q
Data Latch Data Latch
e D Q —| 5 y D Q
1/0 Pin RA2 Pin
WR WR
TRISA = TRISA a3
—p K@ _t CK™Q Vss
TRIS Latch Vss TRIS Latch Analog
*— Input Mode
Analog
Input Mode RD < o
p TRISA Schmitt Trigger
RD Schmitt Trigger Input Buffer
TRISA Input Buffer
| a o
| a o
EN
EN
RD PORTA {>0
RD PORTA {>o
T;Comparator
T;Comparator VROE .
VREF oo
FIGURE 5-3: BLOCK DIAGRAM OF THE RA3/AN3 PIN
Data Comparator Mode = 110
Bus D Q VDD
Comparator Output
WR p p p
PORTA CK~_ Q >
Data Latch ) |
e D Q \/?/ X
RA3 Pin
WR
TRISA =
CK™_ Q Vss
TRIS Latch
Analog
Input Mode
RD 1
TRISA Schmitt Trigger | /7~
Input Buffer
| a o
EN

RD PORTA D@

To‘Comparator
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PIC16F62X

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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FIGURE 5-14: BLOCK DIAGRAM OF RB6/T10SO/T1CKI PIN
VbD
RBPU g
D—d P weak pull-up
Data Bus
P Q VbD
WR PORTB —
tcr?\_o %
Data Latch '\ %
RB6/
D Qr—e T10S0/
T1CKI
_ pin
WR TRISB CE\_Q ﬁ\
lb—L/ Vss
TRIS Latch
< ’—‘D
RD TRISB
T10SCEN
TTL
] input
~ buffer
RD PORTB
TMR1 Clock |
- _/"
Schmitt
From RB7 Trigger Il>0
Serial programming clock TMR1 oscillator
Q D
EN
Set RBIF e
- =
From other Q D ——
RB<7:4> pins
Q3
EN
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PIC16F62X

5.3 1/0 Programming Considerations

5.3.1 BI-DIRECTIONAL I/0 PORTS

Any instruction which writes, operates internally as a
read followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result
back to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on Bit 5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
Bit 5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bi-directional I/0 pin
(e.g., Bit 0) and it is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and rewritten to the data latch of this particular
pin, overwriting the previous content. As long as the pin
stays in the Input mode, no problem occurs. However,
if Bit O is switched into Output mode later on, the
content of the data latch may now be unknown.

Reading a port register, reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read-modify-write instructions
(ex. BCF, BSF, etc.) on a port, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-2 shows the effect of two sequential read-
modify-write instructions (ex., BCF, BSF, etc.) on an
1/0 port

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-or”, “wired-and”).
The resulting high output currents may damage

the chip.

EXAMPLE 5-2: READ-MODIFY-WRITE
INSTRUCTIONS ON AN

/10 PORT

;Initial PORT settings:PORTB<7:4> Inputs

i

; PORTB<3:0> Outputs
;PORTB<7:6> have external pull-up and are not
;connected to other circuitry

i

; PORT latchPORT Pins

BCF STATUS, RPO ;
BCF PORTB, 7 ;01lpp pppp 1lpp ppPp
BSF STATUS, RPO ;

BCF TRISB, 7
BCF TRISB, 6

i10pp pppp 1llpp pPppp
i 10pp pppp 10pp PpPpPp
;Note that the user may have expected the pin
;jvalues to be 00pp pppp. The 2nd BCF caused
;RB7 to be latched as the pin value (High).

5.3.2 SUCCESSIVE OPERATIONS ON I/O

PORTS

The actual write to an I/O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle (Figure 5-
16). Therefore, care must be exercised if a write
followed by a read operation is carried out on the same
I/0 port. The sequence of instructions should be such
to allow the pin voltage to stabilize (load dependent)
before the next instruction which causes that file to be
read into the CPU is executed. Otherwise, the previous
state of that pin may be read into the CPU rather than
the new state. When in doubt, it is better to separate
these instructions with a NOP or another instruction not
accessing this 1/O port.

FIGURE 5-16: SUCCESSIVE 1/0 OPERATION

ra1lazlaslas a1l a2laslas ;a1 @2lazlas a1l @2las a4,
Il I
PC | PC X PC+1 _ X__, PC+2 X PC+3 :
Instruction = your PORTB | MOWF PORTB,W | | NOP | NOP |
fetched | write to PORTB | Readto PORTB | | | |
I I | I | I
I I | ' 1 ]
I I XXXX. | I
I I I | I
| I . TPort pin | I
| | || I'sampled here |
I I - | I
| | TPD—» | | -— | |
| | Execute | Execute | Execute |

| : MOVWF ) MOVWF , NOP

PORTB PORTB
Note 1: This example shows write to PORTB followed by a read from PORTB.
2: Data setup time = (0.25 Tcy - TPD) where TcY = instruction cycle and TPD = propagation delay of Q1 cycle to output valid.
Therefore, at higher clock frequencies, a write followed by a read may be problematic.

DS40300C-page 42
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FIGURE 9-4: ANALOG INPUT MODE

VDD

Rs < 10K | VT =0.6V RIC

% I ’ VWV 1 >
T

ILEAKAGE
VT =0.6V +500 nA

L= - ; Vss

Legend CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current At The Pin
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage

TABLE 9-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Value on Value on
Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
RESETS
1Fh CMCON | C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO 0000 0000 | 0000 0000
0Bh/8Bh/
10Bh/18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 [ 0000 -000
85h TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 1111 1111|1111 1111
Legend: x = Unknown, u = Unchanged, - = Unimplemented, read as ‘0’

DS40300C-page 58 Preliminary © 2003 Microchip Technology Inc.
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10.0 VOLTAGE REFERENCE
MODULE

The Voltage Reference is a 16-tap resistor ladder
network that provides a selectable voltage reference.
The resistor ladder is segmented to provide two ranges
of VREF values and has a power-down function to
conserve power when the reference is not being used.
The VRCON register controls the operation of the
reference as shown in Figure 10-1. The block diagram
is given in Figure 10-1.

REGISTER 10-1:

10.1

The Voltage Reference can output 16 distinct voltage
levels for each range.

Configuring the Voltage Reference

The equations used to calculate the output of the
Voltage Reference are as follows:

if VRR = 1: VREF = (VR<3:0>/24) x VDD

if VRR = 0: VREF = (VDD x 1/4) + (VR<3:0>/32) x
VDD

The setting time of the Voltage Reference must be
considered when changing the VREF output

(Table 17-2). Example 10-1 shows an example of how
to configure the Voltage Reference for an output
voltage of 1.25V with VDD = 5.0V.

VRCON REGISTER (ADDRESS: 9Fh)

R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN VROE ‘ VRR ‘ — | VR3 VR2 VR1 VRO
bit 7 bit 0
bit 7 VREN: VREF Enable
1 = VREF circuit powered on
0 = VREF circuit powered down, no IDD drain
bit 6 VROE: VREF Output Enable
1 = VREF is output on RA2 pin
0 = VREF is disconnected from RA2 pin
bit 5 VRR: VREF Range selection
1 = Low Range
0 = High Range
bit 4 Unimplemented: Read as '0'
bit 3-0 VR<3:0>: VREF value selection 0 < VR [3:0] < 15
When VRR = 1: VREF = (VR<3:0>/ 24) * VbD
When VRR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32) * VDD
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
FIGURE 10-1: VOLTAGE REFERENCE BLOCK DIAGRAM
VDD 16 Stages
VRe > o—d 8R R R R R
[ X N ]
8R — wvir
Vss Vss
—— Vi3
Vref 16-1 Analog Mux — (From VRCON<3:0>)
—— VI0
Note 1: Risdefined in Table 17-2.

© 2003 Microchip Technology Inc.
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FIGURE 12-5: USART TRANSMIT BLOCK DIAGRAM

l,_m

TXREG register ‘

LSb .
| 0 ‘ ' Pin Buffer
. and Control
RB2/TX/CK pin
| TRMT| | SPEN|
Steps to follow when setting up an Asynchronous
Transmission:
1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH. (Section 12.1)
2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.
3. If interrupts are desired, then set enable bit
TXIE.
4. If 9-bit transmission is desired, then set transmit
bit TX9.
5. Enable the transmission by setting bit TXEN,
which will also set bit TXIF.
6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.
7. Load data to the TXREG register (starts
transmission).
FIGURE 12-6: ASYNCHRONOUS TRANSMISSION
Write to TXREG I (¢
BRG output Worg !
(shift clock) — L ' I 1 I T 5_1 1 1 I 1 —
RB2/TXICK (pin) T \_ START Bit Bito X Bit1 ><:§S Y _Bit7/8 _,/STOP Bit ,
TXIF bit C WORD 1 : :
(Transmit buffer ' cc '
reg. empty flag) |_| D) ;
. WORD 1 —» '
Z-T?ﬁ-gr:?t shift Transmit Shift Reg '
reg. empty flag) —| cc
D)

© 2003 Microchip Technology Inc. Preliminary
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FIGURE 12-7: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG I I cc
WORD1  WORD 2 J)
BRG output | | | | | | | |
(shift clock) 55—/
RB2/TX/CK (pin) ' . , _ .
i N\. START Bi Bit 0 Bit 1 Bit 7/8 it \START Bit Bit 0
TXF bi N 3< WORD><1:SD< i STOP Bit WORD/<"’ i
(interrupt reg. flag) ! ! <
L | cC
T JJ
TRMT bit WORD 1—» WORD 2 —*
l{l;a%?m)l{;ggg) Transmit Shift Reg. Transmit Shift Reg.
1 cc
PB)

Note 1: This.timing diagram shows two consecutive transmissions.

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
. . . . . . . . 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
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 locations read as '0'.

Shaded cells are not used for Asynchronous Transmission.
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12.4.2 USART SYNCHRONOUS MASTER

RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN
(RCSTA<5>) or enable bit CREN (RCSTA<4>). Data is
sampled on the RB1/RX/DT pin on the falling edge of
the clock. If enable bit SREN is set, then only a single
word is received. If enable bit CREN is set, the recep-
tion is continuous until CREN is cleared. If both bits are
set, then CREN takes precedence. After clocking the
last bit, the received data in the Receive Shift Register
(RSR) is transferred to the RCREG register (if it is
empty). When the transfer is complete, interrupt 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
RESET by the hardware. In this case, it is RESET
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 to begin shifting into the RSR register. On the
clocking of the last bit of the third byte, if the RCREG
register is still full then overrun error bit OERR
(RCSTA<1>) is set. The word in the RSR will be lost.
The RCREG register can be read twice to retrieve the
two bytes in the FIFO. Bit OERR has to be cleared in
software (by clearing bit CREN). If bit OERR is set,
transfers from the RSR to the RCREG are inhibited, so
it is essential to clear bit OERR if it is set. The 9th

receive bit is buffered the same way as the receive
data. Reading the RCREG register, will load bit RX9D
with a new value, therefore it is essential for the user to
read the RCSTA register before reading RCREG in
order not to lose the old RX9D information.

Steps to follow when setting up a Synchronous Master
Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 12.1)

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

3. Ensure bits CREN and SREN are clear.

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

5. If 9-bit reception is desired, then set bit RX9.

6. If a single reception is required, set bit SREN.
For continuous reception set bit CREN.

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

9. Read the 8-bit received data by reading the
RCREG register.

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

10.

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on: Value on all
Address | Name Bit 7 Bit6 | 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
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 EEPIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 -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 Master Reception.

© 2003 Microchip Technology Inc.
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14.5 Power-on Reset (POR), Power-up
Timer (PWRT), Oscillator Start-up
Timer (OST) and Brown-out Detect
(BOD)

14.5.1 POWER-ON RESET (POR)

The on-chip POR circuit holds the chip in RESET until
VDD has reached a high enough level for proper
operation. To take advantage of the POR, just tie the
MCLR pin through a resistor to VDD. This will eliminate
external RC components usually needed to create
Power-on Reset. A maximum rise time for VDD is
required. See Electrical Specifications for details.

The POR circuit does not produce an internal RESET
when VDD declines.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in RESET until the operating
conditions are met.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting”.

14.5.2 POWER-UP TIMER (PWRT)

The PWRT provides a fixed 72 ms (nominal) timeout
on power-up only, from POR or Brown-out Detect
Reset. The PWRT operates on an internal RC oscilla-
tor. The chip is kept in RESET as long as PWRT is
active. The PWRT delay allows the VDD to rise to an
acceptable level. A configuration bit, PWRTE can
disable (if set) or enable (if cleared or programmed) the
PWRT. The PWRT should always be enabled when
Brown-out Detect Reset is enabled.

The Power-Up Time delay will vary from chip to chip
and due to VDD, temperature and process variation.
See DC parameters for details.

14.5.3 OSCILLATOR START-UP TIMER
(OST)

The OST provides a 1024 oscillator cycle (from OSC1
input) delay after the PWRT delay is over. This ensures
that the crystal oscillator or resonator has started and
stabilized.

The OST timeout is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

14.5.4 BROWN-OUT DETECT (BOD)
RESET

The PIC16F62X members have on-chip BOD circuitry.
A configuration bit, BODEN, can disable (if clear/
programmed) or enable (if set) the BOD Reset circuitry.
If VDD falls below VBoD for longer than TBOD, the
brown-out situation will RESET the chip. A RESET is
not guaranteed to occur if VDD falls below VBoD for
shorter than TBoD. VBOD and TBoD are defined in
Table 17-1 and Table 17-6, respectively.

On any RESET (Power-on, Brown-out, Watchdog, etc.)
the chip will remain in RESET until VDD rises above
VBOD. The Power-up Timer will now be invoked and will
keep the chip in RESET an additional 72 ms.

If VDD drops below VBOD while the Power-up Timer is
running, the chip will go back into a Brown-out Detect
Reset and the Power-up Timer will be re-initialized.
Once VDD rises above VBOD, the Power-Up Timer will
execute a 72 ms RESET. The Power-up Timer should
always be enabled when Brown-out Detect is enabled.
Figure 14-7 shows typical Brown-out situations.

FIGURE 14-7: BROWN-OUT SITUATIONS
veo N\ [ _______. VBOD
> TBOD —>:
INTERNAL [ Te————]
RESET ' 72MS
Vep -_——_—————_—_W ————————————— VBOD
1 n\_/,
! I
INTERNAL [<ioMS ' ——]
RESET ) 72MS
VDD
_________________________________ VBOD
j [
|
INTERNAL ]
RESET 72MS
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14.6 Interrupts

The PIC16F62X has 10 sources of interrupt:

» External Interrupt RBO/INT

* TMRO Overflow Interrupt

» PORTB Change Interrupts (pins RB7:RB4)
» Comparator Interrupt

* USART Interrupt TX

* USART Interrupt RX

» CCP Interrupt

* TMR1 Overflow Interrupt

* TMR2 Match Interrupt

+ EEPROM

The interrupt control register (INTCON) records

individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in
INTCON register. GIE is cleared on RESET.

The “return from interrupt” instruction, RETFIE, exits
interrupt routine as well as sets the GIE bit, which re-
enable RBO/INT interrupts.

The INT pin interrupt, the RB port change interrupt and
the TMRO overflow interrupt flags are contained in the
INTCON register.

The peripheral interrupt flag is contained in the special
register PIR1. The corresponding interrupt enable bit is
contained in special registers PIE1.

FIGURE 14-14: INTERRUPT LOGIC

When an interrupt is responded to, the GIE is cleared
to disable any further interrupt, the return address is
pushed into the stack and the PC is loaded with 0004h.
Once in the interrupt service routine the source(s) of
the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in soft-
ware before re-enabling interrupts to avoid RBO/INT
recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs (Figure 14-
15). The latency is the same for one or two cycle
instructions. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid multiple interrupt requests. Individual interrupt
flag bits are set regardless of the status of their
corresponding mask bit or the GIE bit.

Note 1: Individual interrupt flag bits are set
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The CPU will execute a NOP
in the cycle immediately following the
instruction which clears the GIE bit. The
interrupts which were ignored are still
pending to be serviced when the GIE bit

is set again.

TMR1IF
TMR1IE

D—
TRaE )]
—
—

TOIF
TOIE

GIE

Wake-up (If in SLEEP mode)

Interrupt to CPU
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14.12 In-Circuit Serial Programming

The PIC16F62X microcontrollers can be serially
programmed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware, or a custom
firmware to be programmed.

The device is placed into a Program/Verify mode by
holding the RB6 and RB7 pins low while raising the
MCLR (VPP) pin from VIL to VIHH (see programming
specification). RB6 becomes the programming clock
and RB7 becomes the programming data. Both RB6
and RB7 are Schmitt Trigger inputs in this mode.

After RESET, to place the device into Programming/
Verify mode, the program counter (PC) is at location
00h. A 6-bit command is then supplied to the device.
Depending on the command, 14 bits of program data
are then supplied to or from the device, depending if
the command was a load or a read. For complete
details of serial programming, please refer to the
Programming Specifications.

A typical in-circuit serial programming connection is
shown in Figure 14-18.

FIGURE 14-18: TYPICAL IN-CIRCUIT
SERIAL PROGRAMMING
CONNECTION
X To Normal
E ! Connections
xternal \
Connector J PIC16F62X
Signals ,
+5V * VDD
ov . l Vss
VPP : 3 RA5/MCLR/VPP
CLK : T RB6/PGC
Data I/O : RB7/PGD
T
E VDD
To Normal
Connections

14.13 Low Voltage Programming

The LVP bit of the configuration word, enables the low
voltage programming. This mode allows the microcon-
troller to be programmed via ICSP using only a 5V
source. This mode removes the requirement of VIHH to
be placed on the MCLR pin. The LVP bit is normally
erased to '1', which enables the low voltage program-
ming. In this mode, the RB4/PGM pin is dedicated to
the programming function and ceases to be a general
purpose /O pin. The device will enter Programming
mode when a '1' is placed on the RB4/PGM pin. The
HV Programming mode is still available by placing VIHH
on the MCLR pin.

Note 1: While in this mode, the RB4 pin can no
longer be used as a general purpose 1/O

pin.

2: VDD must be 5.0V +10% during erase/
program operations while in low voltage

Programming mode.

If Low voltage Programming mode is not used, the LVP
bit can be programmed to a '0', and RB4/PGM
becomes a digital 1/0 pin. To program the device, VIHH
must be placed onto MCLR during programming. The
LVP bit may only be programmed when programming
is entered with VIHH on MCLR. The LVP bit cannot be
programmed when programming is entered with RB4/
PGM.

It should be noted, that once the LVP bit is programmed
to 0, High voltage Programming mode can be used to
program the device.

DS40300C-page 106

Preliminary

© 2003 Microchip Technology Inc.



PIC16F62X

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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FIGURE 17-7: CLKOUT AND I/O TIMING
Q4 L al Q2 = Q3
0sC1 : ! .
; ' .t 122 L { :
CLKOUT S .t 123 ; ; J
I :—»: : - 13 : : , , : —>: :4—12 :
Co 19 - 18> '
<—> 14 -—L' —» <16
I/0 PIN -
////////////////////M ,W//////////////////
17— —
/1O PIN o N ' '
(OUTPUT) OLD VALUE ! X . . NEW VALUE
: — =20, 21
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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| Note: The graphs and tables provided in this section are for design guidance and are not tested.

FIGURE 18-4: TYPICAL Ipp vs Fosc OVER VDD (XT MODE)

Typical lob vs Fosc over Voo

Typical: statistical mean @ 25°C
Maximum: mean + 3¢ (-40°C to 125°C)
Minimum: mean — 36 (-40°C to 125°C)

(XT mode)
1.2
1.0 /
0.8
5.5y //
H | sov ="
:g— 0.6 45\//
4oV //
0.4 35V //
3.0V //_/
2.5V et
0.2
2.0V
0.0 /
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Fosc (MHz)
FIGURE 18-5: TYPICAL Ipbp vs Fosc OVER VbbD (LP MODE)

Typical lop vs Fosc over Vob

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

Ipd (uA)

(LP mode)
90
80
70
5.5V
60
5.0V

—

30
/ 3.0v—

20
° 25V

10 4

0

30.000 40.000 50.000 60.000 70.000 80.000 90.000 100.000

Fosc (kHz)
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ON-LINE SUPPORT

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

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

Connectingtothe Microchip Internet Web Site

The Microchip web site is available at the following
URL:

www.microchip.com

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

ftp://ftp.microchip.com

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

 Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

» Design Tips

» Device Errata

« Job Postings

* Microchip Consultant Program Member Listing

* Links to other useful web sites related to
Microchip Products

» Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events

SYSTEMS INFORMATION AND
UPGRADE HOT LINE

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

1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

092002
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: PIC16F62X Literature Number: DS40300C

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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