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rather than serving as standalone computers.
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PIC16F7X7

Pin Diagrams (Continued)

RC7/RX/DT
RD4/PSP4
RD5/PSP5
RD6/PSP6
RD7/PSP7

Vss

VDD
RBO/INT/AN12
RB1/AN10
RB2/AN8
RB3/CCP2M/AN9

Note 1:

PDIP (40-pin)
MCLR/VPP/RE3 — [] 1 N [1 <— RB7/PGD
RAO/ANO < [] 2 39 [1 <~—» RB6/PGC
RAL/AN1 = [] 3 38 [] <—> RB5/AN13/CCP3
RA2/AN2/VREF-/CVREF «— [ 4 37 [1 <— RB4/AN11
RA3/AN3/VREF+ -— [ 5 36 [] =—» RB3/cCP2W/AN9
RA4/TOCKI/C1OUT < [] 6 35 [] <——» RB2/ANS
RA5/AN4/LVDIN/SS/C20UT =— [ 7 ~ 34 =<— RB1/AN10
REO/RD/AN5 <— [] 8 = 33[0<—= RBO/NT/ANI2
RE1/WR/AN6 =— [ 9 P 321 <— VoD
RE2/CS/AN7 =——[]10 X 310 <—Vss
VoD —— [] 11 5 30 [1 =— RD7/PSP7
Vss__» []12 29 [] <— RD6/PSP6
OSCI/CLKIRA? «—» 13 2  28[] «—» RD5/PSP5
OSC2ICLKO/IRA6 <—» []14 & 27[] <—» RD4/PSP4
RCO/T10SO/T1CKI < [] 15 26 [1 ~—» RC7/RX/DT
RC1/T10SI/CCP2) « » [ 16 25 [] <—» RC6/TX/CK
RC2/CCP1 <« [] 17 24 [] «—» RC5/SDO
RC3/SCK/SCL = [] 18 23 [1 =—> RC4/SDI/SDA
RDO/PSP0 -—» [] 19 22 [] «<— RD3/PSP3
RD1/PSP1 = [] 20 21 [] <> RD2/PSP2
a
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Pin location of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.
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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 Microchip
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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FIGURE 1-2: PIC16F747 AND PIC16F777 BLOCK DIAGRAM
PORTA
13 8 <+ RAO/ANO
Data Bus
anda JL 4 RA2/AN2/VREF-/CVREF
Program ' < RA3/AN3/VREF+
Memory RAM - RA4/TOCKI/C10UT
4K/8K X 14 8-Level Stack Eile < RAS5/AN4/LVDIN/
(13-bit) Registers SS/C20UT
368 x 8 +——> % OSC2/CLKO/RA6
Program " - OSC1/CLKI/RA7
Bus PORTB
RBO/INT/AN12
Instruction Register RB1/AN10
. RB2/AN8
H Direct Addr 7 RB3/CCP2M/AN9
RB4/AN11
RB5/AN13/CCP3
RB7/PGD:RB6/PGC
) PORTC
RCO/T10SO/T1CKI
RC1/T10Sl/CCP2()
RC2/CCP1
POT".VEV'UP RC3/SCK/SCL
imer RC4/SDI/SDA
Instruction Oscillator RC5/SDO
Decode & Start-up Timer ALU RC6/TX/CK
Control Power-on — RC7/RX/DT
Reset 8 PORTD
Timing Watchdog
Xl@ Generation 1 Timer WREG
OSC1/CLKI Brown-out
OSC2/CLKO Reset — “-~[>] RD7/PSP7:RDO/PSPO
Parallel Slave Port <,
VDD, Vss PORTE
[X] REO/RD/ANS
— X REL/WR/ANG
Timer0 Timerl Timer2 10-bit A/ID & RE2/CS/AN7
T} ﬁ {} {} -T& MCLR/VPP/RE3
Addressable
Comparators BOR/LVD
P CCP1,2,3 MSSP USART
Note 1: Pin location of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.
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FIGURE 5-15: BLOCK DIAGRAM OF RB7/PGD PIN

Port/Program Mode/ICD _
PGD
1
0
VDD
RBPUW Tweak
ea
’—D_{ P Pull-up
Data Latch
Data Bus
> Q|- e—+X
1/0 pin
WR PORTB CK\_
TRIS Latch N
D Q 0
WR TRISB CK\_ il
[ b —
TTL
RD TRISB Input Buffer
PGD DRVEN
Latch
Set RBIF RD PORTB Progra:n Mode/ICD EN—Q1
From other (\L Q D
RB7:RB4 pins RD PORTB
EN 03
PGD= \I
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
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REGISTER 5-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

TRISE REGISTER (ADDRESS 89h)

R-0 R-0 RIW-0 RIW-0 U-0 RW-1 RMW-1  R/MW-1
BF | oBF | 1Bov |PsPmODE| —@ [ TRISE2 | TRISEL | TRISEO
bit 7 bit 0

Parallel Slave Port Status/Control bits:
IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received

OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word
0 = The output buffer has been read

IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)

1 = A write occurred when a previously input word has not been read (must be cleared in
software)

0 = No overflow occurred

PSPMODE: Parallel Slave Port Mode Select bit

1 = Parallel Slave Port mode
0 = General Purpose I/O mode

Unimplemented: Read as ‘1’

Note 1: RE3is an inputonly. The state of the TRISE3 bit has no effect and will always read ‘1'.

PORTE Data Direction bits:

TRISE2: Direction Control bit for pin RE2/CS/AN7
1 = Input

0 = Output

TRISE1L: Direction Control bit for pin RE1/WR/AN6
1 = Input

0 = Output

TRISEO: Direction Control bit for pin REO/RD/AN5
1 = Input

0 = Output

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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PIC16F7X7

REGISTER 6-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

OPTION_REG: OPTION CONTROL REGISTER (ADDRESS 181h)

RMW-1  RW-1  RMW-1  RMW-1 RMW-1  RW-1 RMW-1  RMW-1
RBPU | INTEDG | TOCS TosE | psa® | ps2 | ps1 | pso
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKO)

TOSE: TMRO Source Edge Select bit

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

PSA: Prescaler Assignment bit(1)
1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module

Note 1: To avoid an unintended device Reset, the instruction sequence shown in the "PIC®
Mid-Range MCU Family Reference Manual” (DS33023) must be executed when
changing the prescaler assignment from TimerO to the WDT. This sequence must
be followed even if the WDT is disabled.

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

-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown
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9.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:

» 16-bit Capture register
» 16-bit Compare register
 PWM Master/Slave Duty Cycle register

The CCP1, CCP2 and CCP3 modules are identical in
operation, with the exception being the operation of the
special event trigger. Table 9-1 and Table 9-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCP module
is described with respect to CCP1. CCP2 and CCP3
operate the same as CCP1, except where noted.

9.1 CCP1 Module

Capture/Compare/PWM Register 1 (CCPR1) is
comprised of two 8-bit registers: CCPR1L (low byte)
and CCPR1H (high byte). The CCP1CON register con-
trols the operation of CCP1. The special event trigger
is generated by a compare match and will clear both
TMR1H and TMRL1L registers.

9.2 CCP2 Module

Capture/Compare/PWM Register 2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is gen-
erated by a compare match; it will clear both TMR1H and
TMRI1L registers and start an A/D conversion (if the A/D
module is enabled).

Additional information on CCP modules is available in
the “PIC® Mid-Range MCU Family Reference Manual”
(DS33023) and in Application Note AN594 “Using the
CCP Module(s)” (DS00594).

9.3 CCP3 Module

Capture/Compare/PWM Register 3 (CCPR3) is com-
prised of two 8-bit registers: CCPR3L (low byte) and
CCPR3H (high byte). The CCP3CON register controls
the operation of CCP3.

TABLE 9-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

TABLE 9-2: INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode Interaction

Capture Capture Same TMR1 time base.

Capture Compare Same TMR1 time base.

Compare Compare Same TMR1 time base.

PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt).
The rising edges are aligned.

PWM Capture None.

PWM Compare None.

© 2003-2013 Microchip Technology Inc.
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REGISTER 9-1:

bit 7-6
bit 5-4

bit 3-0

CCPxCON: CCPx CONTROL REGISTER (ADDRESS 17h, 1Dh, 97h)

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CCPxX | CCPxY | CCPxM3 | CCPxM2 | CCPxM1 | CCPXMO
bit 7 bit 0

Unimplemented: Read as ‘0’
CCPxX:CCPxY: PWM Least Significant bits

Capture mode:
Unused.

Compare mode:

Unused.

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRXxL.

CCPxM3:CCPxMO0: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
CCP1 clears Timerl; CCP2 clears Timerl and starts an A/D conversion (if A/D module
is enabled)

11xx = PWM mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

DS30498D-page 88

© 2003-2013 Microchip Technology Inc.




PIC16F7X7

10.3.1 REGISTERS

The MSSP module has four registers for SPI mode

operation. These are:

* MSSP Control Register (SSPCON)

* MSSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

SSPCON and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCON
register is readable and writable. The lower 6 bits of
the SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

REGISTER 10-1: SSPSTAT: MSSP STATUS (SPI MODE) REGISTER (ADDRESS 94h)

RIW-0  R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP cke | DA P | s | rw | uva | @
bit 7 bit 0
bit 7 SMP: Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode.

bit 6 CKE: SPI Clock Edge Select bit

1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state

Note:  Polarity of clock state is set by the CKP bit (SSPCON1<4>).

bit 5 D/A: Data/Address bit
Used in 12C mode only.
bit 4 P: Stop bit

Used in 12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.

bit 3 S: Start bit
Used in 12C mode only.

bit 2 R/W: Read/Write bit Information

Used in I°C mode only.
bit 1 UA: Update Address bit
Used in 12C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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I2C™ SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS)

FIGURE 10-10:
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10.4.4 CLOCK STRETCHING

Both 7-bit and 10-bit Slave modes implement
automatic clock stretching during a transmit sequence.

The SEN bit (SSPCON2<0>) allows clock stretching to
be enabled during receives. Setting SEN will cause
the SCL pin to be held low at the end of each data
receive sequence.

10.4.4.1 Clock Stretching for 7-bit Slave
Receive Mode (SEN = 1)

In 7-bit Slave Receive mode, on the falling edge of the
ninth clock, at the end of the ACK sequence if the BF bit
is set, the CKP bit in the SSPCON register is auto-
matically cleared, forcing the SCL output to be held low.
The CKP being cleared to ‘0’ will assert the SCL line
low. The CKP bit must be set in the user’s ISR before
reception is allowed to continue. By holding the SCL
line low, the user has time to service the ISR and read
the contents of the SSPBUF before the master device
can initiate another receive sequence. This will prevent
buffer overruns from occurring (see Figure 10-13).

10.4.4.3 Clock Stretching for 7-bit Slave
Transmit Mode

7-bit Slave Transmit mode implements clock stretching
by clearing the CKP bit after the falling edge of the
ninth clock, if the BF bit is clear. This occurs
regardless of the state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCL line
low, the user has time to service the ISR and load the
contents of the SSPBUF before the master device can
initiate another transmit sequence (see Figure 10-9).

Note 1: If the user loads the contents of SSPBUF,
setting the BF bit before the falling edge of
the ninth clock, the CKP bit will not be
cleared and clock stretching will not occur.

2: The CKP bit can be set in software

Note 1. If the user reads the contents of the
SSPBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2. The CKP bit can be set in software
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow
condition.

10.4.4.2 Clock Stretching for 10-bit Slave
Receive Mode (SEN = 1)

In 10-bit Slave Receive mode during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address and following the receive of the second
byte of the 10-bit address, with the R/W bit cleared to
‘0. The release of the clock line occurs upon updating
SSPADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note: If the user polls the UA bit and clears it by
updating the SSPADD register before the
falling edge of the ninth clock occurs and if
the user hasn't cleared the BF bit by read-
ing the SSPBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a
data sequence, not an address sequence.

regardless of the state of the BF bit.

10.4.4.4  Clock Stretching for 10-bit Slave
Transmit Mode

In 10-bit Slave Transmit mode, clock stretching is
controlled during the first two address sequences by
the state of the UA bit, just as it is in 10-bit Slave
Receive mode. The first two addresses are followed
by a third address sequence, which contains the high-
order bits of the 10-bit address and the R/W bit set to
‘1. After the third address sequence is performed, the
UA bit is not set, the module is now configured in
Transmit mode and clock stretching is controlled by
the BF flag as in 7-bit Slave Transmit mode (see
Figure 10-11).
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10.4.5 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the 1°C bus is such that
the first byte after the Start condition usually
determines which device will be the slave addressed by
the master. The exception is the general call address
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the 1°C protocol. It
consists of all ‘0’s with R/W = 0.

The general call address is recognized when the
General Call Enable bit (GCEN) is enabled
(SSPCON2<7> set). Following a Start bit detect, 8 bits
are shifted into the SSPSR and the address is
compared against the SSPADD. It is also compared to
the general call address and fixed in hardware.

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth
bit) and on the falling edge of the ninth bit (ACK bit), the
SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when the GCEN bit is set and while the slave
is configured in 10-bit Address mode, then the second
half of the address is not necessary, the UA bit will not
be set and the slave will begin receiving data after the
Acknowledge (Figure 10-15).

FIGURE 10-15: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
(7 OR 10-BIT ADDRESS MODE)
Address is compared to general call address
1 after ACK, set interrupt
- RIW = 0 Receiving Data ACK

SDA 4'_\ General Call Address ack/ 5706 Y05 ¥ 04 X 03 X D2 )51 D0)
SCL —

LS.
SSPIF

BF (SSPSTAT<0>)

SSPOV (SSPCON<6>)

I I— Cleared in software
SSPBUF is read

GCEN (SSPCON2<7>)

.: o
— ﬁ
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TABLE 11-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 : all other
POR, BOR Resets

0Bh, 8Bh, [INTCO GIE PEIE [ TMROIE | INTOIE| RBIE | TMROIF [ INTOIF RBIF | 0000 000x | 0000 000u
10Bh,18Bh | N

0Ch PIR1 PsPIF® | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF [ 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x| 0000 000x
19h TXREG | AUSART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PsPIE® | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.

FIGURE 11-9: SYNCHRONOUS TRANSMISSION
Qfozlosjoserfozlesjoderiodesjodariodosiodariorosiod  fesjosarodosedarredodarodosfosarieziesoroeriododarerasios
;?/RX/DT X bito > bitd bit 2 ><j§:>< : bit7 X :bito X :bitl X SDCE
' - Word1 ' : - Word 2 : — -
RCBITX/CK ! : :
i : [ N N B S oy g RN o RNy R :
Write tg ' : ml ' 5 ! ! ! E ‘e !
TXREG Reg Write Word 1 Write Word 2+ g : : : ' = :
TXIF bit ' ; ' ; ' X ' . (¢ .
(Interrupt Flag) ! . )()( \ l 2J \
TRMTbit — | ! ! ! cc ; : ) f c o
. . . , ) . . . . b)) .
TXENbit % , , ‘ ! (¢ , ! , ' (( : k)
J)J JJ
Note: Sync Master mode, SPBRG = 0. Continuous transmission of two 8-bit words.

FIGURE 11-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X bito X pit1 Xbitzgs >< bite X bit7
RC6/TX/CK pin /—\g M
(

TXRl\ENGritSetS j ) g

- : ¢

TXIF bit E >§ E
TRMT bit j )()(
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TXEN bit ))
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12.7 A/D Operation During Sleep

The A/D module can operate during Sleep mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared and
the result loaded into the ADRESH register. If the A/D
interrupt is enabled, the device will wake-up from
Sleep. If the A/D interrupt is not enabled, the A/D
module will then be turned off, although the ADON hit
will remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

12.8

A device Reset forces all registers to their Reset state.
The A/D module is disabled and any conversion in
progress is aborted. All A/D input pins are configured
as analog inputs.

Effects of a Reset

The ADRESH register will contain unknown data after
a Power-on Reset.

12.9 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP2 module. This requires that the
CCP2M3:CCP2MO0  hits  (CCP2CON<3:0>) be
programmed as ‘1011’ and that the A/D module is
enabled (ADON bit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D conversion
and the Timerl counter will be reset to zero. Timerl is
reset to automatically repeat the A/D acquisition period
with minimal software overhead (moving the ADRESH
to the desired location). The appropriate analog input
channel must be selected and an appropriate acquisi-

Note:  For the A/D module to operate in Sleep, tion time should pass before the “special event trigger”
the A/D clock source must be set to RC sets the GO/DONE bit (starts a conversion).
(ADCS1:ADCSO0 = 11). To perform an A/D If the A/D module is not enabled (ADON is cleared),
conversion in Sleep, ensure the SLEEP then the “special event trigger” will be ignored by the
instruction  immediately ~ follows  the A/D module but will still reset the Timer1 counter.
instruction that sets the GO/DONE bit.

TABLE 12-2: SUMMARY OF A/D REGISTERS
. . . . . . . . Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
0Bh,8Bh, INTCON GIE PEIE |TMROIE| INTOIE RBIE | TMROIF | INTOIF RBIF | 0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIF® | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
ODh PIR2 OSFIF CMIF | LVDIF — BCLIF — CCP3IF | CCP2IF | 000- 0-00|000- 0-00
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE| 0000 0000 | 0000 0000
8Dh PIE2 OSFIE CMIE | LVDIE — BCLIE — CCP3IE | CCP2IE | 000- 0-00|000- 0-00
1Eh ADRESH | A/D Result Register High Byte XXXX XXXX |Uuuuu uuuu
1Fh ADCONO | ADCS1 |ADCS0| CHS2 | CHS1 | CHSO |GO/DONE| CHS3 | ADON | 0000 0000|0000 0000
9Fh ADCON1 | ADFM |ADCS2|VCFG1| VCFGO |[PCFG3| PCFG2 | PCFG1l | PCFGO | 0000 000 (0000 0000
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO |[xx0x 0000 [uuOu 0000
85h TRISA PORTA Data Direction Register 1111 11111111 1111
09h PORTE®| — — — — |REs®| RE2 | RE1 | REO |---- x000[---- x000
89h TRISE® | IBF OBF | IBOV |PSPMODE| —® |PORTE Data Direction bits | 0000 1111|0000 1111
Legend: x =unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F737/767 devices; always maintain these bits clear.
2: These registers are reserved on the PIC16F737/767 devices.
3:  RE3is an input only. The state of the TRISE3 bit has no effect and will always read ‘1"
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FIGURE 14-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

VDD

16 Stages

A
CVREN : 8R R R R R

—MA—ANA-$MN -9 @ 0 0 5NN~
—CVRR
RA2/AN2/VREF-/CVREF —
cvroe —[ |-
CVR3
CVREF CVR2
Input to e 16:1 Analog MUX CVR1
Comparator CVRO
TABLE 14-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR
Resets
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 CVR2 | CVR1 CVRO |000- 0000|000- 0000
9Ch CMCON | C20UT | C10UT | C2INV | C1lINV CIS CM2 CM1 CMO |0000 0111|0000 0111
Legend: x =unknown, u = unchanged, — = unimplemented, read as ‘0.

Shaded cells are not used with the comparator voltage reference.
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TABLE 16-2: PIC16F7X7 INSTRUCTION SET
Mnemonic, N 14-Bit Opcode Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f, d Add W and f 1 00 0111 dfff ffff| C,DC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff z 1,2
CLRF f Clear f 1 00 0001 1fff f£fff z 2
CLRW - Clear W 1 00 0001 OXXX XXXX z
COMF f, d Complement f 1 00 1001 dfff ffff z 1,2
DECF f, d Decrement f 1 00 0011 dfff ffff z 1,2
DECFSzZ f, d Decrement f, Skip if O 1(2) 00 1011 dfff ffff 1,2,3
INCF f, d Increment f 1 00 1010 dfff ffff z 1,2
INCFSZ f, d Increment f, Skip if 0 1(2) 00 1111 dfff ffff 1,2,3
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff z 1,2
MOVF f, d Move f 1 00 1000 dfff ffff z 1,2
MOVWF f Move W to f 1 00 0000 1fff f£fff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff| C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff f£fff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 01 01lbb bfff ffff 1,2
BTFSC f, b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 1lbb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk z
CALL k Call subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 o0100| TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move literal to W 1 11  00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11  0lxx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000|
SLEEP - Go into Standby mode 1 00 0000 0110 o0011| TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z
Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value
present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an
external device, the data will be written back with a ‘0’.
2: Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if
assigned to the TimerO module.
3:  If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle
is executed as a NOP.
Note:  Additional information on the mid-range instruction set is available in the “PIC® Mid-Range MCU Family

Reference Manual’ (DS33023).
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17.2 MPLAB C Compilers for Various
Device Families

The MPLAB C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC18,
PIC24 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.

17.3 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.

17.4 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

17.5 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

17.6 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
e Command line interface

* Rich directive set

» Flexible macro language

* MPLAB IDE compatibility
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18.1 DC Characteristics: PIC16F737/747/767/777 (Industrial, Extended)
PIC16LF737/747/767/777 (Industrial)
PIC16LF737/747/767/777 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC16E737/747/767/777 Standa_rd Operating Condmops (unless otoherW|§e stat_ed)
(Industrial, Extended) Operating temperature -40°C < Ta < +85°C for industrial
' -40°C < TA < +125°C for extended
Pa,\:sm Sym Characteristic Min | Typt | Max | Units Conditions
VDD  |Supply Voltage
D001 PIC16LF7X7| 2.5 — 55 V  |A/Din use, -40°C to +85°C
2.2 — 55 V  |A/Din use, 0°C to +85°C
2.0 — 55 V  |A/D not used, -40°C to +85°C
D001 PIC16F7X7| 4.0 — 55 V  |All configurations
DO01A VBOR* | — 5.5 V  [BOR enabled (Note 6)
D002* |VDR RAM Data Retention — 1.5 — \Y
Voltage (Note 1)
D003 VPOR |VDD Start Voltage to — Vss | — V  |See section on Power-on Reset for details
ensure internal Power-on Reset
signal
D004* |SVDD |VDD Rise Rate to ensure 0.05 — — | VIms |[See section on Power-on Reset for details
internal Power-on Reset signal
VBOR |Brown-out Reset Voltage
PIC16LF7X7
D005 BORV1:BORVO =11 1.96 | 2.06 | 2.16 V  |85°C>T=225°C
BORV1:BORVO = 10 2.64 | 278 | 2.92 \Y
BORV1:BORVO = 01 411 | 433 | 4.55 \Y
BORV1:BORVO = 00 441 | 464 | 487 \Y
D005 PIC16F7X7 |Industrial
BORV1:BORVO = 1x N.A. — | N.A. V  [Not in operating voltage range of device
BORV1:BORVO = 01 4.16 — 4.5 \%
BORV1:BORVO = 00 4.45 — [ 4.83 \%
D005 PIC16F7X7 |Extended
BORV1:BORVO = 1x N.A. — | N.A. V  [Not in operating voltage range of device
BORV1:BORVO = 01 4.07 — | 459 \Y
BORV1:BORVO = 00 4.36 — | 4.92 \Y
Legend: Shading of rows is to assist in readability of of the table.
*  These parameters are characterized but not tested.
t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: Thisis the limit to which VDD can be lowered without losing RAM data.

2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/O pin loading and
switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current
consumption.

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

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

4:  For RC oscillator configuration, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.

5:  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.

6: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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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
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TOP VIEW BOTTOM VIEW
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A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - —

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. 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 C04-105B
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44-Lead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN_ [ NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 6.80
Optional Center Pad Length T2 6.80
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.80
Distance Between Pads G 0.25
Notes:

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

Microchip Technology Drawing No. C04-2103A
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