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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Micro-
chip products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined
and enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com

» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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1.0 GENERAL DESCRIPTION

The PIC16F627A/628A/648A are 18-pin Flash-based
members of the versatile PIC16F627A/628A/648A
family of low-cost, high-performance, CMQOS, fully-
static, 8-bit microcontrollers.

All PIC® microcontrollers employ an advanced RISC
architecture. The PIC16F627A/628A/648A have
enhanced core features, an eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two-stage instruction
pipeline allows all instructions to execute in a single-
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available, complemented by a large register
set.

PIC16F627A/628A/648A  microcontrollers  typically
achieve a 2:1 code compression and a 4:1 speed
improvement over other 8-bit microcontrollers in their
class.

PIC16F627A/628A/648A devices have integrated
features to reduce external components, thus reducing
system cost, enhancing system reliability and reducing
power consumption.

The PIC16F627A/628A/648A has 8 oscillator
configurations. The single-pin RC oscillator provides a
low-cost solution. The LP oscillator minimizes power
consumption, XT is a standard crystal, and INTOSC is
a self-contained precision two-speed internal oscillator.

The HS mode is for High-Speed crystals. The EC mode
is for an external clock source.

The Sleep (Power-down) mode offers power savings.
Users can wake-up the chip from Sleep through several
external interrupts, internal interrupts and Resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

Table 1-1 shows the features of the PIC16F627A/628A/
648A mid-range microcontroller family.

A simplified block diagram of the PIC16F627A/628A/
648A is shown in Figure 3-1.

The PIC16F627A/628A/648A series fits in applications
ranging from battery chargers to low power remote
sensors. The Flash technology makes customizing
application programs (detection levels, pulse genera-
tion, timers, etc.) extremely fast and convenient. The
small footprint packages makes this microcontroller
series ideal for all applications with space limitations.
Low cost, low power, high performance, ease of use
and /O flexibility make the PIC16F627A/628A/648A
very versatile.

1.1 Development Support

The PIC16F627A/628A/648A family is supported by a
full-featured macro assembler, a software simulator, an
in-circuit emulator, a low cost in-circuit debugger, a low
cost development programmer and a full-featured
programmer. A Third Party “C” compiler support tool is
also available.

TABLE 1-1: PIC16F627A/628A/648A FAMILY OF DEVICES

PIC16LF628A PIC16LF648A

PIC16F627A ‘ PIC16F628A ‘ PIC16F648A ‘ PIC16LF627A

Maximum Frequency 20 20 20 20 20 20

of Operation (MHz)

Flash Program 1024 2048 4096 1024 2048 4096

Memory (words)

RAM Data Memory 224 224 256 224 224 256

(bytes)

EEPROM Data 128 128 256 128 128 256

Memory (bytes)

Timer module(s) TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1,
TMR2 TMR2 TMR2 TMR2 TMR2 TMR2

Comparator(s) 2 2 2 2 2 2

RN Capture/Compare/ 1 1 1 1 1 1

PWM modules

Serial Communications USART USART USART USART USART USART

Internal Voltage Yes Yes Yes Yes Yes Yes

Reference

Interrupt Sources 10 10 10 10 10 10

I/O Pins 16 16 16 16 16 16

Features Voltage Range (Volts) 3.0-5.5 3.0-5.5 3.0-5.5 2.0-55 2.0-55 2.0-55
Brown-out Reset Yes Yes Yes Yes Yes Yes
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin
SSOP, SSOP, SSOP, SSOP, SSOP, SSOP,
28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN

All PIC16F627A/628A/648A family devices use serial programming with clock pin RB6 and data pin RB7.

All PIC® family devices have Power-on Reset, selectable Watchdog Timer, selectable code-protect and high 1/0O current capability.

© 2009 Microchip Technology Inc.
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TABLE 4-6: SPECIAL FUNCTION REGISTERS SUMMARY BANKS3

i ; ; ; : : : : Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR
Reset® on Page

Bank 3

180h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 30
181h OPTION RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PS0 1111 1111 25
182h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 30
183h STATUS IRP | RP1 | RPO | TO | PD | z | DC | C 0001 1xxx 24
184h FSR Indirect Data Memory Address Pointer XXXX XXXX 30
185h — Unimplemented _ _
186h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO [1111 1111 38
187h — Unimplemented _ _
188h — Unimplemented _ _
189h — Unimplemented _ _
18Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 30
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 26
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 = unimplemented

Note 1: For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.

© 2009 Microchip Technology Inc. DS40044G-page 23
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FIGURE 5-15: BLOCK DIAGRAM OF THE RB7/T10SI/PGD PIN
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7.1

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TISYNC
(T1CON<2>) has no effect since the internal clock is
always in sync.

Timerl Operation in Timer Mode

7.2 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the TMR1 register pair value increments on
every rising edge of clock input on pin RB7/T10SI/PGD
when bit TIOSCEN is set or pin RB6/T10SO/T1CKl/
PGC when bit TTOSCEN is cleared.

If TISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during Sleep mode, the TMR1
register pair value will not increment even if the
external clock is present, since the synchronization
circuit is shut off. The prescaler however will continue
to increment.

7.21 EXTERNAL CLOCK INPUT TIMING
FOR SYNCHRONIZED COUNTER

MODE

When an external clock input is used for Timer1 in
Synchronized Counter mode, it must meet certain
requirements. The external clock requirement is due to
internal phase clock (Tosc) synchronization. Also,
there is a delay in the actual incrementing of the TMR1
register pair value after synchronization.

When the prescaler is 1:1, the external clock input is
the same as the prescaler output. The synchronization
of T1CKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for T1CKI to be high for at least 2 Tosc (and
a small RC delay of 20 ns) and low for at least 2 Tosc
(and a small RC delay of 20 ns). Refer to Table 17-8 in
the Electrical Specifications Section, timing parameters
45, 46 and 47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous ripple-counter
type prescaler so that the prescaler output is symmetri-
cal. In order for the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for T1CKI to have a
period of at least 4 Tosc (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement on
T1CKI high and low time is that they do not violate the
minimum pulse width requirements of 10 ns). Refer to
the appropriate electrical specifications in Table 17-8,
parameters 45, 46 and 47.

FIGURE 7-1: TIMER1 BLOCK DIAGRAM
Set flag bit
TMR1IF on
Overflow _ Synchronized
TMR1 0 Clock Input
TMR1H ‘ TMR1L .

1| ———

TMR10ON
T1SYNC
RB6/T1OSO/T1CKI/PGC@ *> > 1 .
l[/ Synchronize
! Prescaler ]
—T10SCEN Fosc/4 1,2,4,8 _/_det
. Enable “ Internal 0 A I
RB7/T10SI/PGD 1 Oscillator’
! Clock /|/2 Sleep Input
T1CKPS<1:0>
TMR1CS

Note 1: When the T1OSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

© 2009 Microchip Technology Inc.
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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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10.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that has occurred. The
CMIF bit, PIR1<6>, is the comparator interrupt flag.
The CMIF bit must be reset by clearing ‘0’. Since it is
also possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

The CMIE bit (PIE1<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit must also be set. If any of these
bits are clear, the interrupt is not enabled, though the
CMIF bit will still be set if an interrupt condition occurs.

Note: If a change in the CMCON register
(C10UT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR1<6>)

interrupt flag may not get set.

The user, in the interrupt service routine, can clear the
interrupt in the following manner:

a) Any write or read of CMCON. This will end the
mismatch condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition and
allow flag bit CMIF to be cleared.

10.7 Comparator Operation During
Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered-up, higher Sleep
currents than shown in the power-down current
specification will occur. Each comparator that is
operational will consume additional current as shown in
the comparator specifications. To minimize power
consumption while in Sleep mode, turn off the
comparators, CM<2:0> = 111, before entering Sleep. If
the device wakes up from Sleep, the contents of the
CMCON register are not affected.

10.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state. This forces the Comparator module to be in the
comparator Reset mode, CM<2:0> = 000. This ensures
that all potential inputs are analog inputs. Device current
is minimized when analog inputs are present at Reset
time. The comparators will be powered-down during the
Reset interval.

10.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 10-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up may occur. A
maximum  source impedance of 10kQ s
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

© 2009 Microchip Technology Inc.

DS40044G-page 67



PIC16F627A/628A/648A

12.3 USART Address Detect Function
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 such that 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:

12.3.1

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
multiprocessor 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 receive block diagram is shown in Figure 12-4.

Reception is enabled by setting bit CREN
(RCSTA<4>).
12.3.1.1 Setting up 9-bit mode with Address

Detect

Follow these steps when setting up Asynchronous
Reception with Address Detect Enabled:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

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

3. Enable asynchronous communication by setting
or clearing bit SYNC and setting bit SPEN.

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

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

6. Set ADEN to enable address detect.

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

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

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

10. If an OERR error occurred, clear the error by
clearing enable bit CREN if it was already set.
11. 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 | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR
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 000x | 0000 000x
1Ah RCREG | USART Receive Data 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
reception.
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12.4 USART Synchronous Master
Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is set in order to
configure the RB2/TX/CK and RB1/RX/DT I/O pins to
CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

12.41 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and
interrupt bit, TXIF (PIR1<4>) is set. The interrupt can
be enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
TRMT is a read-only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR
register is empty. The TSR is not mapped in data
memory so it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is
stable around the falling edge of the synchronous clock
(Figure 12-8). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 12-9). This is advantageous when slow
baud rates are selected, since the BRG is kept in Reset
when bits TXEN, CREN and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally, when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to high-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a high-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic however is not
reset although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting since bit TXEN is still set.
The DT line will immediately switch from high-imped-
ance Receive mode to transmit and start driving. To
avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Follow these steps when setting up a Synchronous
Master Transmission:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1 “USART Baud Rate
Generator (BRG)").

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

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

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

6. Enable the transmission by setting bit TXEN.

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

8. Start each transmission by loading data to the
TXREG register.
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13.0 DATA EEPROM MEMORY

The EEPROM data memory is readable and writable
during normal operation (full VDD range). This memory
is not directly mapped in the register file space. Instead
it is indirectly addressed through the Special Function
Registers (SFRs). There are four SFRs used to read
and write this memory. These registers are:

+ EECON1

+« EECON2 (Not a physically implemented register)
« EEDATA

« EEADR

EEDATA holds the 8-bit data for read/write and EEADR
holds the address of the EEPROM location being
accessed. PIC16F627A/628A devices have 128 bytes
of data EEPROM with an address range from Oh to
7Fh. The PIC16F648A device has 256 bytes of data
EEPROM with an address range from Oh to FFh.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write). The EEPROM
data memory is rated for high erase/write cycles. The
write time is controlled by an on-chip timer. The write
time will vary with voltage and temperature, as well as
from chip-to-chip. Please refer to AC specifications for
exact limits.

When the device is code-protected, the CPU can
continue to read and write the data EEPROM memory. A
device programmer can no longer access this memory.

Additional information on the data EEPROM is
available in the PIC® Mid-Range Reference Manual
(DS33023).

REGISTER 13-1: EEDATA — EEPROM DATA REGISTER (ADDRESS: 9Ah)

R/W-x R/W-x R/W-x

R/W-x R/W-x R/W-x R/W-x R/W-x

EEDAT7 | EEDAT6 | EEDATS EEDAT4| EEDAT3 ‘EEDAT2‘ EEDAT1 | EEDATO

bit 7

bit 0

bit 7-0 EEDATN: Byte value to Write to or Read from data EEPROM memory location.

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

REGISTER 13-2: EEADR - EEPROM ADDRESS REGISTER (ADDRESS: 9Bh)

R/W-x R/W-x R/W-x

R/W-x R/W-x R/W-x R/W-x R/W-x

EADR7 EADR6 | EADRS

EADR4 | EADR3 | EADR2 | EADR1 | EADRO

bit 7

bit 7 PIC16F627A/628A

bit 0

Unimplemented Address: Must be set to ‘0’

PIC16F648A

EEADR: Set to ‘1’ specifies top 128 locations (128-255) of EEPROM Read/Write Operation
bit 6-0 EEADR: Specifies one of 128 locations of EEPROM Read/Write Operation

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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14.0 SPECIAL FEATURES OF THE
CPU

Special circuits to deal with the needs of real-time
applications are what sets a microcontroller apart from
other processors. The PIC16F627A/628A/648A family
has a host of such features intended to maximize
system reliability, minimize cost through elimination of
external components, provide power-saving operating
modes and offer code protection.

These are:

OSC selection

Reset

Power-on Reset (POR)
Power-up Timer (PWRT)
Oscillator Start-Up Timer (OST)
Brown-out Reset (BOR)
Interrupts

Watchdog Timer (WDT)

9. Sleep

10. Code protection

11. ID Locations

12. In-Circuit Serial Programming™ (ICSP™)

The PIC16F627A/628A/648A has a Watchdog Timer
which is controlled by configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in Reset until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which
provides a fixed delay of 72 ms (nominal) on power-up
only, designed to keep the part in Reset while the
power supply stabilizes. There is also circuitry to reset
the device if a brown-out occurs. With these three
functions on-chip, most applications need no external
Reset circuitry.

® N OrWN =

The Sleep mode is designed to offer a very low current
Power-down mode. The user can wake-up from Sleep
through external Reset, Watchdog Timer wake-up or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

14.1 Configuration Bits

The configuration bits can be programmed (read as ‘0°)
or left unprogrammed (read as ‘1’) to select various
device configurations. These bits are mapped in
program memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special configuration memory space (2000h-3FFFh),
which can be accessed only during programming. See
“PIC16F627A/628A/648A EEPROM Memory
Programming Specification” (DS41196) for additional
information.
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145 Interrupts

The PIC16F627A/628A/648A has 10 sources of
interrupt:

« External Interrupt RBO/INT

* TMRO Overflow Interrupt

* PORTB Change Interrupts (pins RB<7:4>)

» Comparator Interrupt

* USART Interrupt TX

* USART Interrupt RX

* CCP Interrupt

* TMR1 Overflow Interrupt

* TMR2 Match Interrupt

» Data EEPROM Interrupt

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-
enables 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
software 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.

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
TMRI1IE
TMR2IF
TMR2IE

CCP1IF
CCP1IE
CMIF
CMIE
TXIF
TXIE
RCIF
RCIE
EEIF
EEIE

—
O
—
T—

TOIF Dﬁ
TOIE

Wake-up (if in Sleep mode)®

Interrupt to CPU

Note 1: Some peripherals depend upon the system clock for operation. Since the system clock is
suspended during Sleep, only those peripherals which do not depend upon the system
clock will wake the part from Sleep. See Section 14.8.1 “Wake-up from Sleep”.
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NOTES:
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [label ] BTFSS fb Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0 <k<2047
0<b<7 Operation: (PC)+ 1— TOS,
Operation: skip if (f<b>) = 1 k —» PC<10:0>,
Status Affected:  None (PCLATH<4:3>) - PC<12:11>
Encoding: 01 | 11bb ‘ bEff | FEEE ‘ Status Affected: ~ None
Description: If bit ‘b’ in register ‘' is ‘1, then Encoding: 0 | Olkkke ‘ Kk | Kk ‘
the next instruction is skipped. Description: Call Subroutine. First, return
If bit ‘b’ is ‘1, then the next address (PC + 1) is pushed onto
instruction fetched during the the stack. The eleven bit imme-
current instruction execution, is diate address is loaded into PC
discarded and a NOP is executed bits <10:0>. The upper bits of
instead, making this a two-cycle the PC are loaded from
instruction. PCLATH. cALL is a two-cycle
Words: 1 instruction.
Cycles: 1(2) Words: 1
Example HERE  BTFSS  REG1 Cycles: 2
FALSE  GOTO PROCESS_CODE Example HERE CALL  THERE
TRUE : Before Instruction
. PC = Address HERE
Before Instructi After Instruction
efore n;(;uf Iondd PC = Address THERE
= address HERE TOS = Address HERE+1
After Instruction
if FLAG<1> = 0,
PC = address FALSE
if FLAG<1> =1, CLRF Clear f
PC= address TRUE Syntax: [label ] CLRF f
Operands: 0<f<127
Operation: 00h — (f)
1527
Status Affected: Z
Encoding: 00 | 0001 ‘ 1f£f | FEFE ‘
Description: The contents of register ‘f’ are
cleared and the Z bit is set.
Words: 1
Cycles: 1
Example CLRF REG1

Before Instruction

REG1 = O0x5A
After Instruction

REG1 = 0x00

Z = 1
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FIGURE 17-1: PIC16F627A/628A/648A VOLTAGE-FREQUENCY GRAPH, -40°C < TA < +125°C
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Note:  The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 17-2: PIC16LF627A/628A/648A VOLTAGE-FREQUENCY GRAPH, -40°C < TA < +85°C
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Note:  The shaded region indicates the permissible combinations of voltage and frequency.
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FIGURE 17-7: BROWN-OUT RESET TIMING
O T
- 35 —
TABLE 17-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS
Parargeter Sym Characteristic Min Typt Max | Units Conditions
30 TmcL | MCLR Pulse Width (low) 2000 — — ns | VDD =5V, -40°C to +85°C
31 TwbDT | Watchdog Timer Time out Period 7 18 33* ms | VDD =5V, -40°C to +85°C
(No Prescaler)
32 TosT | Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSC1 period
33 TPWRT | Power-up Timer Period 28* 72 132* ms |VDD =5V, -40°C to +85°C
34 Tioz | 1/O High-impedance from MCLR — — 2.0* us
Low or Watchdog Timer Reset
35 TBOR | Brown-out Reset pulse width 100* — — us | VDD < VBOR (D005)
Legend: TBD = To Be Determined.

These parameters are characterized but not tested.

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

not tested.

FIGURE 17-8:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI/CMP2 / |

RB6/T10SO/T1CKI/PGC /
I

TMRO OR

TMR1

| < 40 > < 41 > |
| L |
|
| |
- 42 >
|
| | i |
R_ ! |
| | | | |
| | |
< 45 > - 46 - |
| ' '|
[ | |
- 47 - 48 |
|
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19.0 PACKAGING INFORMATION

19.1 Package Marking Information

18-Lead PDIP

XXXXXXXXXXXXXXXXX
D XXXXXXXXXXXXXXXXX
o A YYWWNNN

18-Lead SOIC (.300")

XXXXXXXXXXXX
XXXXXXXXXXXX
XXXXXXXXXXXX

o @ YYWWNNN

20-Lead SSOP

XXXXXXXXXXX
XXXXXXXXXXX

R\ YYWWNNN

O

28-Lead QFN

TR

XXXXXXXX

XXXXXXXX
YYWWNNN

Example

PIC16F627A

) P @3
o 8 410017

O

Example

PIC16F628A
-E/SO (a3

R\ 0410017

O

Example

PIC16F648A

-I/SS @3

B\ 0410017
O

Example

TR

16F628A

/ML &3
0410017

Legend: XX..X Customer-specific information

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)

Www Week code (week of January 1 is week ‘01)

NNN Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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18-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N
ININININRIRININ]
7/////7 | E1
A |
NOTE 1— 44224 ! J
IR ]
123 »J
e l=—
i
/\“‘\ —={[=—h
'
bt L 1 :
A L’ YR % ﬁ lﬁ
% A1 ] f L—=— B \/ |- %
—=lL1
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 11.55 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

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

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-051B
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

* General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

+ Local Sales Office

+ Field Application Engineer (FAE)

 Technical Support

» Development Systems Information Line

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://support.microchip.com
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