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PIC16F627A/628A/648A

FIGURE 4-2: DATA MEMORY MAP OF THE PIC16F627A AND PIC16F628A
File
Address
Indirect addr.M) | 0oh Indirect addr.® | goh Indirect addr.) | 100h Indirect addr.® | 180h
TMRO 01h OPTION 81h TMRO 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh 10Dh 18Dh
TMR1L OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2®) | gpp
1Eh 9Eh
CMCON 1Fh VRCON 9Fh 11Fh
General General Register
Purp_ose Purpose 48 Bytes 14Fh
Register g(;a%l;;[ee; 150h
80 Bytes
______ 6Fh EFh 16Fh 1EFh
70h FOh 170h 1FOh
16 Bytes accesses accesses accesses
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

|:| Unimplemented data memory locations, read as ‘0’.
Note 1: Not a physical register.
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4222 OPTION Register

The Option register is a readable and writable register, A

which contains various control bits to configure the
TMRO/WDT prescaler, the external RBO/INT interrupt,
TMRO and the weak pull-ups on PORTB.

To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT
(PSA = 1). See Section 6.3.1 “Switching
Prescaler Assignment”.

REGISTER 4-2: OPTION_REG — OPTION REGISTER (ADDRESS: 81h, 181h)

RW-1  RMW-1  RMW-1  RMW-1 RW-1  RW-1 RMW-1 RMW-
RBPU | INTEDG | Tocs | Tose | Psa | Ps2 | pPs1 | Pso
bit 7 bit 0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI/CMP2 pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI/CMP2 pin
0 = Increment on low-to-high transition on RA4/TOCKI/CMP2 pin

bit 3 PSA: Prescaler Assignment bit

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

bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
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

© 2009 Microchip Technology Inc.
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4223 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for all interrupt sources except the comparator module.
See Section 4224 “PIE1 Register” and
Section 4.2.2.5 “PIR1 Register” for a description of
the comparator enable and flag bits.

Note: Interrupt flag bits get set when an interrupt
condition occurs regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

REGISTER 4-3: INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh, 8Bh, 10Bh, 18Bh)

RW-0 RMW-0 RW-0 RMW-0 R/W-0 RW-0 RW-0  RW-x
GIE PEE | TOIE INTE | RBE | TOF | INTF | RBIF |
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all un-masked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = When at least one of the RB<7:4> pins changes state (must be cleared in software)
0 = None of the RB<7:4> pins have changed state

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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4.2.2.5 PIR1 Register

Note: Interrupt flag bits get set when an interrupt

This register contains interrupt flag bits. condition occurs regardless of the state of

REGISTER 4-5:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to

enabling an interrupt.

PIR1 - PERIPHERAL INTERRUPT REGISTER 1 (ADDRESS: 0Ch)

RW-0 RW-0 RO R-0 u-0 RW-0  RMW-0  RMW-0
EEF | cMF | RCIF | TXIF | — | CCP1IF| TMR2F | TMRIIF
bit 7 bit 0

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
0 = The write operation has not completed or has not been started
CMIF: Comparator Interrupt Flag bit

1 = Comparator output has changed

0 = Comparator output has not changed

RCIF: USART Receive Interrupt Flag bit

1 = The USART receive buffer is full

0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit

1 = The USART transmit buffer is empty

0 = The USART transmit buffer is full

Unimplemented: Read as ‘0’

CCPL1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = A TMRH1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

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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5.0 /O PORTS

The PIC16F627A/628A/648A have two ports, PORTA
and PORTB. Some pins for these 1/O ports are
multiplexed with alternate functions for the peripheral
features on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose I/O pin.

5.1 PORTA and TRISA Registers

PORTA is an 8-bit wide latch. RA4 is a Schmitt Trigger
input and an open drain output. Port RA4 is multiplexed
with the TOCKI clock input. RA5(®) is a Schmitt Trigger
input only and has no output drivers. All other RA port
pins have Schmitt Trigger input levels and full CMOS
output drivers. All pins have data direction bits (TRIS
registers) which can configure these pins as input or
output.

A ‘1’ in the TRISA register puts the corresponding
output driver in a High-impedance mode. A ‘0’ in the
TRISA register puts the contents of the output latch on
the selected pin(s).

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations. So a
write to a port implies that the port pins are first read,
then this value is modified and written to the port data
latch.

The PORTA pins are multiplexed with comparator and
voltage reference functions. The operation of these
pins are selected by control bits in the CMCON
(Comparator Control register) register and the VRCON
(Voltage Reference Control register) register. When
selected as a comparator input, these pins will read
as ‘0’s.

Note 1: RAS5 shares function with VPP. When VPP
voltage levels are applied to RA5, the
device will enter Programming mode.

2: On Reset, the TRISA register is set to all
inputs. The digital inputs (RA<3:0>) are
disabled and the comparator inputs are
forced to ground to reduce current
consumption.

3: TRISA<6:7> is overridden by oscillator
configuration. When PORTA<6:7> is
overridden, the data reads ‘0’ and the
TRISA<6:7> bits are ignored.

TRISA controls the direction of the RA pins, even when
they are being used as comparator inputs. The user
must make sure to keep the pins configured as inputs
when using them as comparator inputs.

The RA2 pin will also function as the output for the
voltage reference. When in this mode, the VREF pin is a
very high-impedance output. The user must configure
TRISA<2> bit as an input and use high-impedance
loads.

In one of the comparator modes defined by the
CMCON register, pins RA3 and RA4 become outputs
of the comparators. The TRISA<4:3> bits must be
cleared to enable outputs to use this function.

EXAMPLE 5-1: INITIALIZING PORTA

CLRF PORTA ;Initialize PORTA by
;setting

joutput data latches
;Turn comparators off and
;enable pins for I/0
;functions

BCF STATUS, RP1

BSF STATUS, RPO ;Select Bankl

MOVLW 0x1F ;Value used to initialize
;data direction

;Set RA<4:0> as inputs

i TRISA<5> always

;jread as ‘1’.

MOVLW 0x07
MOVWF CMCON

MOVWF TRISA

;TRISA<7:6>
;depend on oscillator
;mode

FIGURE 5-1: BLOCK DIAGRAM OF
RAO/ANO:RA1/AN1 PINS
gata
= D Q \/s)s}
WR
PORTAl ) ck~_Q
Data Latch
ok Q I/O Pin
WR
TRISA CK~_Q
Analo
TRIS Latch Input Modg ,LSS
(CMCON Reg.)
RD ) E Schmitt Trigger
TRISA Input Buffer

| a o

EN
RD PORTA {>O g‘

TEComparator
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FIGURE 5-2: BLOCK DIAGRAM OF
RA2/AN2/VREF PIN
Data
Bus
D Q VDD
WR
PORTAL 3 ck~_Q
Data Latch
oD Q
RA2 Pin
WR

TRISA =
— CK Q Analog
L Input Mode SS

TRIS Latch (CMCON Reg.)

RD 'i 3 s
TRISA Schmitt Trigger

Input Buffer

| a o

EN
RD PORTA {>O g‘

T?Comparator
VROE :
VREF =/e
FIGURE 5-3: BLOCK DIAGRAM OF THE RA3/AN3/CMP1 PIN
Data Comparator Mode =110 (CMCON Reg.)
Bus D Q VDD
WR Comparator Output )
PORTA

<t CK~_Q
Data Latch 0 _‘ | <X|

D Q I/?/
RA3 Pin
TRISA Y Analog
Ck™.Q Input Mode Vss
TRIS Latch (CMCON Reg.)
RD o
TRISA Schmitt Trigger | _7

Input Buffer

| a o

EN

RD PORTA {>o

To‘Comparator
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9.3.2 PWM DUTY CYCLE Maximum PWM resolution (bits) for a given PWM
The PWM duty cycle is specified by writing to the frequency:
CCPRA1L register and to the CCP1CON<5:4> bits. Up | ( Fosc )
to 10-bit resolution is available: the CCPR1L contains PWM 0g
the eight MSbs and the CCP1CON<5:4> contains the Resolution = —— M XlTMfz Prescaler’ \its
two LSbs. This 10-bit value is represented by 9(2)
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:
Note: If the PWM duty cycle value is longer than
PWM duty cycle = the PWM period the CCP1 pin will not be
cleared.

(CCPRI1L:CCP1CON<5:4>) - Tosc - TMR2 prescale
value

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

For an example PWM period and duty cycle
calculation, see the PIC® Mid-Range Reference Man-
ual (DS33023).

9.3.3

SET-UP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

The CCPR1H register and a 2-bit internal latch are 1. Set the PWM period by writing to the PR2
used to double buffer the PWM duty cycle. This double register.
buffering is essential for glitchless PWM operation. 2. Set the PWM duty cycle by writing to the
When the CCPR1H and 2-bit latch match TMR2 CCPRIL register and CCPTCON<S:4> bits.
concatenated with an internal 2-bit Q clock or 2 bits of 3. Make the CCP1 pin an output by clearing the
the TMR2 prescaler, the CCP1 pin is cleared. TRISB<3> bit.

4. Setthe TMR2 prescale value and enable Timer2

by writing to T2CON.

TABLE 9-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF 0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.5
TABLE 9-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
i i i i i i ; ] 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
0Bh, 8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh, 18Bh
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
86h, 186h | TRISB TRISB7 | TRISB6 TRISBS TRISB4 TRISB3 TRISB2 TRISB1 | TRISBO | 1111 1111 | 1111 1111
11h TMR2 Timer2 Module’s Register 0000 0000 | 0000 0000
92h PR2 Timer2 Module’s Period Register 1111 1111 | 1111 1111
12h T2CON — |routps3] Toutps2 | TouTPs1 | TOUTPSO | TMR20N | T2CKPS1]T2CKPS0| -000 0000 | wuuu wuuu
15h CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX | uuuu uuuu
17h ccpicon| — [ — | cepix | cepy | copima | cepimz [ ccpimt [ cePiMo | --oo o000 | --0o0 o000
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by PWM and Timer2.

© 2009 Microchip Technology Inc.
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12.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and
Synchronous modes of the USART. It is a dedicated
8-bit baud rate generator. The SPBRG register
controls the period of a free running 8-bit timer. In
Asynchronous mode, bit BRGH (TXSTA<2>) also
controls the baud rate. In Synchronous mode, bit
BRGH is ignored. Table 12-1 shows the formula for
computation of the baud rate for different USART
modes, which only apply in Master mode (internal
clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 12-1. From this, the error in
baud rate can be determined.

Example 12-1 shows the calculation of the baud rate
error for the following conditions:

Fosc = 16 MHz

Desired Baud Rate = 9600
BRGH =0

SYNC =0

TABLE 12-1: BAUD RATE FORMULA

EQUATION 12-1: CALCULATING BAUD
RATE ERROR

Fosc

Desired Baud Rate = m

16000000

X = 25.042

_ 16000000 _
Calculated Baud Rate = N 9615

(Calculated Baud Rate - Desired Baud Rate)

Error = Desired Baud Rate

_ 9615-9600 _ .-,
= =5 = 0.16%

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared) and ensures the
BRG does not wait for a timer overflow before
outputting the new baud rate.

The data on the RB1/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

SYNC BRGH = 0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = FOSC/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = FOsc/(4(X+1)) NA

Legend: X =valuein SPBRG (0 to 255)

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

. . . . . . . . Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets

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

18h RCSTA | SPEN RX9 | SREN | CREN | ADEN FERR | OERR | RX9D | 0000 000x | 0000 000x

9% SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented read as ‘0’. Shaded cells are not used for the BRG.

© 2009 Microchip Technology Inc.
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FIGURE 12-5: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
i Start s
RB1/RX/DT (Pin) bit_(bit 0} bit 1X_ 9 Ybits Stop \ art {oito NS Yobits Stop
I I
RCV Shift Reg () () | () () I M C)()
RCV Buffer Reg bit 8 = 0, Data Byte bit 8 = 1, Address Byte T Word 1
Read RCV | ROREG
B C C C n
uffer Reg D) D) ] )
RCREG ; ')
RCIF C C ; S -
(interrupt flag) J) D) '
abENc: L qd g - G 0

(Address Match
Enable)

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG
(Receive Buffer) because ADEN = 1 and bit 8 = 0.

FIGURE 12-6: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST
RB1/RX/DT (pin) Start Start
bit (bit 0 ¥ bit 1 bit8 /'S bit 4 bit 0 bit8 / St
€Y CD @SN CTVET AN WETY 6N CTVET:
RCV Shift Reg c n c T cc
RCV Buffer Reg ) J)J I DD
bit 8 = 1, Address Byte T Word 1 bit 8 = 0, Data Byte
Read RCV C | RCREG C C
Buffer Reg P T D) P
RCREG X ')
RCIF CC — S S
(Interrupt Flag) DD
‘1 (C C (C v
ADEN =1
(Address Match P R 20
Enable)

Note: This timing diagram shows an address byte followed by an data byte. The data byte is not read into the RCREG
(receive buffer) because ADEN was not updated (still = 1) and bit 8 = 0.

FIGURE 12-7: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST FOLLOWED BY
VALID DATA BYTE

i Start S|
ERERTIEN T\ (o 0) ey (S5 oie siep\ i (50} S Xbis /St
it i

RCV Shift

Reg . C I C I (C
RCV Buffer Reg )] DRI )
bit 8 = 1, Address Byte T \I/QVSQEE bit 8 = 0, Data Byte T \évgng%;

Read RCV \ )
Buffer Reg %Q) T I ()() T C)C) N—
RCREG ; ) ; )

. X (C
RCIF CC CC
(Interrupt Flag) JJ JJ )) —
ADEN S | C C
(Address Match D) )
Enable)

Note: This timing diagram shows an address byte followed by an data byte. The data byte is read into the RCREG
(Receive Buffer) because ADEN was updated after an address match, and was cleared to a ‘0’, so the contents
of the Receive Shift Register (RSR) are read into the Receive Buffer regardless of the value of bit 8.
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13.3 Reading the EEPROM Data
Memory

To read a data memory location, the user must write the
address to the EEADR register and then set control bit
RD (EECON1<0>). The data is available, in the very
next cycle, in the EEDATA register; therefore it can be
read in the next instruction. EEDATA will hold this value
until another read or until it is written to by the user
(during a write operation).

EXAMPLE 13-1: DATA EEPROM READ
BSF STATUS, RPO ;Bank 1

MOVLW CONFIG_ADDR ;

MOVWF EEADR ;Address to read

BSF EECON1, RD ;EE Read
MOVF EEDATA, W ;W = EEDATA
BCF STATUS, RPO ;Bank 0

13.4 Writing to the EEPROM Data
Memory

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data
to the EEDATA register. Then the user must follow a
specific sequence to initiate the write for each byte.

EXAMPLE 13-2: DATA EEPROM WRITE

BSF STATUS, RPO ;Bank 1
BSF EECON1, WREN ;Enable write
BCF INTCON, GIE ;Disable INTs.
BTFSC INTCON, GIE ;See AN576
GOTO $-2
MOVLW 55h ;

-qc,) 8 MOVWF EECON2 ;Write 55h

s § MOVLW AAh ;

8g MOVWF EECON2 ;Write AAh

Zn BSF EECON1, WR ;Set WR bit

;begin write

BSF INTCON, GIE ;Enable INTs.

The write will not initiate if the above sequence is not
followed exactly (write 55h to EECON2, write AAh to
EECONZ2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment. A cycle count is executed during the
required sequence. Any number that is not equal to the
required cycles to execute the required sequence will
cause the data not to be written into the EEPROM.

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bit is set.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. The EEIF bit in the
PIR1 registers must be cleared by software.

13.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the Data
EEPROM should be verified (Example 13-3) to the
desired value to be written. This should be used in
applications where an EEPROM bit will be stressed
near the specification limit.

EXAMPLE 13-3: WRITE VERIFY

BSF STATUS, RPO;Bank 1
MOVF EEDATA, W
BSF EECON1, RD ;Read the

;value written
;Is the value written (in W reg) and
;read (in EEDATA) the same?
SUBWF EEDATA, W ;
BTFSS STATUS, Z ;Is difference 0?
GOTO WRITE _ERR ;NO, Write error
: ;YES, Good write
;Continue program

13.6 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, WREN is cleared. Also
when enabled, the Power-up Timer (72 ms duration)
prevents EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch or software malfunction.
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14.2.6 RC OSCILLATOR

For applications where precise timing is not a
requirement, the RC oscillator option is available. The
operation and functionality of the RC oscillator is
dependent upon a number of variables. The RC oscillator
frequency is a function of:

» Supply voltage
» Resistor (REXT) and capacitor (CEXT) values
* Operating temperature

The oscillator frequency will vary from unit-to-unit due
to normal process parameter variation. The difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to account for the
tolerance of the external R and C components.
Figure 14-5 shows how the R/C combination is
connected.

FIGURE 14-5: RC OSCILLATOR MODE
VDD
PIC16F627A/628A/648A
REXT RA7/0SC1/ Internal
CLKIN | cl
L . T ock
CEXT _l_ 5
Vss — =
M RA6/0SC2/CLKOUT
Recommended Values: 3 kQ < REXT <100 kQ (VDD > 3.0V)
10 kQ<REXT<100 kQ(VDD<3.0V)
CEXT > 20 pF

The RC Oscillator mode has two options that control
the unused OSC2 pin. The first allows it to be used as
a general purpose I/O port. The other configures the
pin as an output providing the Fosc signal (internal
clock divided by 4) for test or external synchronization
purposes.

14.2.7 CLKOUT

The PIC16F627A/628A/648A can be configured to
provide a clock out signal by programming the
Configuration Word. The oscillator frequency, divided
by 4 can be used for test purposes or to synchronize
other logic.

14.2.8 SPECIAL FEATURE: DUAL-SPEED
OSCILLATOR MODES

A software programmable dual-speed oscillator mode
is provided when the PIC16F627A/628A/648A is
configured in the INTOSC oscillator mode. This feature
allows users to dynamically toggle the oscillator speed
between 4 MHz and 48 kHz nominal in the INTOSC
mode. Applications that require low-current power
savings, but cannot tolerate putting the part into Sleep,
may use this mode.

There is a time delay associated with the transition
between fast and slow oscillator speeds. This oscillator
speed transition delay consists of two existing clock
pulses and eight new speed clock pulses. During this
clock speed transition delay, the System Clock is halted
causing the processor to be frozen in time. During this
delay, the program counter and the CLKOUT stop.

The OSCF bit in the PCON register is used to control
Dual Speed mode. See Section 4.2.2.6 “PCON
Register”, Register 4-6.

14.3 Reset

The PIC16F627A/628A/648A differentiates between
various kinds of Reset:

a) Power-on Reset (POR)

b) MCLR Reset during normal operation
c) MCLR Reset during Sleep

d) WDT Reset (normal operation)

e) WDT wake-up (Sleep)

f)  Brown-out Reset (BOR)

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on Power-on Reset, Brown-out Reset, MCLR
Reset, WDT Reset and MCLR Reset during Sleep.
They are not affected by a WDT wake-up, since this is
viewed as the resumption of normal operation. TO and
PD bits are set or cleared differently in different Reset
situations as indicated in Table 14-4. These bits are
used in software to determine the nature of the Reset.
See Table 14-7 for a full description of Reset states of
all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 14-6.

The MCLR Reset path has a noise filter to detect and
ignore small pulses. See Table 17-7 for pulse width
specification.

© 2009 Microchip Technology Inc.
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FIGURE 14-13:

EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 2

FIGURE 14-11: EXTERNAL POWER-ON

RESET CIRCUIT (FOR
SLOW Vbb POWER-UP)

\/sls} VDD
b R PIC16F627A/628A/648A
R1
MCLR
C

Note 1:

T

External Power-on Reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

R <40 kQ is recommended to make sure
that voltage drop across R does not violate
the device’s electrical specification.

R1 =100 to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge (ESD)
or Electrical Overstress (EOS).

VDD

FIGURE 14-12:

EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1

VDD

33k

Note 1:

l VDD

10k MCLR

40k | PIC16F627A/628A/648A

This circuit will activate Reset when VDD
goes below (Vz + 0.7V) where Vz = Zener
voltage.

Internal Brown-out Reset circuitry should
be disabled when using this circuit.

R1

R2

Note 1:

VDD

Q1
MCLR

40k | pIc16F627A/628A/648A

This brown-out circuit is less expensive,
albeit less accurate. Transistor Q1 turns off
when VDD is below a certain level such that:

VDD x =0.7V

R1
R1 + R2
Internal Brown-out Reset should be
disabled when using this circuit.
Resistors should be adjusted for the
characteristics of the transistor.
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NOTES:

DS40044G-page 116 © 2009 Microchip Technology Inc.



PIC16F627A/628A/648A

INCF Increment f

Syntax: [label] INCF fd

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

Operation: (f) + 1 —> (dest)

Status Affected: Z

Encoding: 00 | 1010 ‘ dfff | fEfE ‘

Description: The contents of register ‘f’ are
incremented. If ‘d’ is ‘0’, 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 O

Syntax: [label] INCFSz fd

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

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

Status Affected:  None

Encoding: ‘ 00 | 1111 ‘ dfff | fEEF ‘

Description: The contents of register ‘f’ are
incremented. If ‘'d’ is ‘0’, 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(2)

Example HERE INCFSZ REG1, 1

GOTO LOOP

CONTINUE o

Before Instruction

PC = address HERE
After Instruction

REG1 = REG1 +1

if CNT = o,

PC = address CONTINUE

if REG1= 0,

PC = address HERE +1
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RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Encoding: 00 | 1100 ‘ dfff | fEEF ‘
Description: The contents of register ‘f’ are
rotated one bit to the right
through the Carry Flag. If ‘d’ is
‘0’, 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 RRF REG1, O
Before Instruction
REG1 = 1110 0110
C =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,
00— PD
Status Affected:  TO, PD
Encoding: ‘ 00 | 0000 ‘ 0110 ‘ 0011 |
Description: The power-down Status bit, PD
is cleared. Time out 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 14.8
“Power-Down Mode (Sleep)”
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
cC =72
After Instruction
W =1
C = 1;resultis positive
Example 2: Before Instruction
W= 2
cC =272
After Instruction
W= o0
C = 1;resultis zero
Example 3: Before Instruction
W= 3
cC =27
After Instruction
W = OxFF
C = o0;resultis negative
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16.2 MPLAB C Compilers for Various
Device Families

The MPLAB C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC18,
P1C24 and PIC32 families of microcontrollers and the
dsPIC30 and dsPIC33 families of digital signal control-
lers. These compilers provide powerful integration
capabilities, superior code optimization and ease of
use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

16.3 HI-TECH C for Various Device
Families

The HI-TECH C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC
family of microcontrollers and the dsPIC family of digital
signal controllers. These compilers provide powerful
integration capabilities, omniscient code generation
and ease of use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

The compilers include a macro assembler, linker, pre-
processor, and one-step driver, and can run on multiple
platforms.

16.4 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multi-purpose
source files

 Directives that allow complete control over the
assembly process

16.5 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

16.6 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC devices. MPLAB C Compiler uses
the assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
» Command line interface

* Rich directive set

* Flexible macro language

* MPLAB IDE compatibility
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16.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0O, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

16.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’'s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers signifi-
cant advantages over competitive emulators including
low-cost, full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, a rugge-
dized probe interface and long (up to three meters) inter-
connection cables.

16.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

16.10 PICkit 3 In-Circuit Debugger/
Programmer and
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICKkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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17.2 DC Characteristics: PIC16F627A/628A/648A (Industrial)
PIC16LF627A/628A/648A (Industrial)

Standard Operating Conditions (unless otherwise stated)

DC CHARACTERISTICS Operating temperature  -40°C < Ta < +85°C for industrial

Param LF and F Device Conditions

No. Characteristics MinT | Typ | Max | Units VDD Note

Supply Voltage (VDD)

LF 2.0 — 5.5 \Y —
D001

LF/F 3.0 — 55 \Y —
Power-down Base Current (IPD)

LF — 0.01 | 0.80 pA 2.0 |WDT, BOR, Comparators, VREF and
D020 LF/F — | 001]o08 | pA 3.0 |T10SC: disabled

— lo002] 27 | pA 5.0

Peripheral Module Current (AIMOD)(l)

LF — 1 20 pA 2.0 |WDT Current
D021 LF/F — 2 3.4 pA 3.0
— 9 17.0 pA 5.0
LF/F — 29 52 pA 45 |BOR Current
D022
— 30 55 pA 5.0
LF — 15 22 pA 2.0 |Comparator Current
D023 LF/F _ 22 37 pA 3.0 (Both comparators enabled)
— 44 68 pA 5.0
LF — 34 55 pA 2.0 |VREF Current
D024 LF/F — 50 75 pA 3.0
— 80 110 pA 5.0
LF — 1.2 20 pA 2.0 |T10sc Current
D025 LF/F — 1.3 22 pA 3.0

— | 18] 29| pA 5.0

Supply Current (IDD)

LF — | 10 ] 15 WA 2.0 |Fosc =32kHz
D010 LF/F _ 15 25 uA 30 [|LP Oscillator Mode
— | 28 | 48 iy 5.0
LF — | 125 [ 190 | A 2.0 |Fosc=1MHz
DO11 LF/F — | 175 | 340 | pA 3.0 |XT Oscillator Mode
— | 320 [ 520 | pA 5.0
LF — | 250 [ 350 | A 2.0 |Fosc=4MHz
D012 LF/F — | 450 | 600 | pA 3.0 |XT Oscillator Mode
— | 710 [ 995 | A 5.0
LF — | 395 | 465 | A 2.0 |Fosc=4MHz
DO12A LF/F — | 565 | 785 | pA 3.0 |INTOSC
— |0895] 1.3 | mA 5.0
LF/F — | 25 [ 29 | mA | 45 |Fosc=20MHz
bo13 _ 275 3.3 mA 50 |HS Oscillator Mode

Note 1. 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. Max values should be used when calculating total current
consumption.
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

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

| c! |
| w2 |
® || }D |:| |:| |:| |:| [ ll r E
c2 [ ] 1] ? — G
T2 __
L1 1]
X1 ——l | ~——
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2105A
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