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PIC16F7X7

TABLE 1-3: PIC16F747 AND PIC16F777 PINOUT DESCRIPTION (CONTINUED)
. PDIP QFN | TQFP | l/O/P Buffer .
Pin Name Pin# | Pin# | Pn# | Type Type Description
PORTD is a bidirectional I/O port or Parallel Slave Port
when interfacing to a microprocessor bus.
RDO/PSPO 19 38 38 sT/TTL®
RDO 110 Digital 1/0.
PSPO 110 Parallel Slave Port data.
RD1/PSP1 20 39 39 STATL®
RD1 110 Digital 1/0.
PSP1 1/0 Parallel Slave Port data.
RD2/PSP2 21 40 40 STATL®
RD2 110 Digital 1/0.
PSP2 110 Parallel Slave Port data.
RD3/PSP3 22 41 41 STATL®
RD3 110 Digital 1/0.
PSP3 1/0 Parallel Slave Port data.
RD4/PSP4 27 2 2 STATL®
RD4 110 Digital 1/0.
PSP4 110 Parallel Slave Port data.
RD5/PSP5 28 3 3 STATL®
RD5 110 Digital 1/0.
PSP5 1/0 Parallel Slave Port data.
RD6/PSP6 29 4 4 STATL®
RD6 110 Digital 1/0.
PSP6 110 Parallel Slave Port data.
RD7/PSP7 30 5 5 STATL®
RD7 110 Digital 1/0.
PSP7 1/0 Parallel Slave Port data.
PORTE is a bidirectional I/O port.
REO/RD/AN5 8 25 25 STTTL®)
REO 1/0 Digital I/0.
RD | Read control for Parallel Slave Port.
AN5 | Analog input 5.
RE1/WR/AN6 9 26 26 STATL®
RE1 1/0 Digital I/0.
WR | Write control for Parallel Slave Port.
AN6 | Analog input 6.
RE2/CS/AN7 10 27 27 STATL®
RE2 /0 Digital I/O.
Cs | Chip select control for Parallel Slave Port.
AN7 | Analog input 7.
Vss — 31 — P — Analog ground reference.
Vss 12,31| 6,30 | 6,29 P — Ground reference for logic and 1/0O pins.
VDD — 8 — P — Analog positive supply.
VDD 11,32 | 7,28 | 7,28 P — Positive supply for logic and 1/O pins.
NC — 13,29 12,13, | — — These pins are not internally connected. These pins
33,34 should be left unconnected.
Legend: | =input O = output 1/0 = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3:  This buffer is a Schmitt Trigger input when configured as a general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).

4:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

5:  Pinlocation of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.
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25 Indirect Addressing, INDF and EXAMPLE 2-2: INDIRECT ADDRESSING
FSR Registers MOVLW  0x20 ;initialize pointer
) ) ) ) ] MOVWF  FSR ;to RAM
The INDF register is not a physical register. Addressing NEXT CLRF INDF ;clear INDF register
the INDF register will cause indirect addressing. INCF FSR, F ;inc pointer
Indirect addressing is possible by using the INDF BTiss EE;T & sall ‘lion'E?
register. Any instruction using the INDF register CONTINUEGO ° jmo clear next
actually accesses the register pointed to by the File . ) .
. . g . ;yes continue
Select Register, FSR. Reading the INDF register itself
indirectly (FSR = 0) will read 00h. Writing to the INDF
register indirectly results in a no operation (although
Status bits may be affected). An effective 9-bit address
is obtained by concatenating the 8-bit FSR register and
the IRP bit (Status<7>) as shown in Figure 2-5.
A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.
FIGURE 2-5: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 IRP 7 FSR Register 0
N\ v J . v A v J
Bank Select Location Select Bank Select Location Select
- > 00 01 10 11 <
L 00h 80h 100h 180h
Data
Memory®
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register file map detail, see Figure 2-2.
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TABLE 4-4. CLOCK SWITCHING MODES
current | ges pits<1:0 0sTs | 10Fs |TIRUN| NeW
System - ] Delay . . . System Comments
Modified to: bit bit bit
Clock Clock
LP, XT, HS, 10 8 Clocks of 0 1@ 0 INTRC |The internal RC oscillator
T10SC, (INTRC) INTRC or frequency is dependant upon
EC,RC FOSC<2:0> = LP, INTOSC |[the IRCF bits.
XT or HS or
INTOSC
Postscaler
LP, XT, HS, 01 8 Clocks of 0 N/A 1 T10SC |T10SCEN bit must be enabled.
INTRC, (T1LOSC) T10SC
EC, RC FOSC<2:0> = LP,
XT or HS
INTRC 00 8 Clocks of 1 N/A 0 EC
T10SC | FOSC<2:.0>=EC EC or
or or RC
FOSC<2:0>=RC RC
INTRC 00 1024 Clocks 1 N/A 0 LP, XT, HS |During the 1024 clocks,
T10SC FOSC<2:0> = LP, + program execution is clocked
XT, HS 8 Clocks of from the secondary oscillator
LP, XT, HS until the primary oscillator
becomes stable.
LP, XT, HS 00 1024 Clocks 1 N/A 0 LP, XT, HS |When a Reset occurs, there is
(Due to Reset) no clock transition sequence.
LP, XT, HS Instruction
execution and/or peripheral
operation is suspended unless
Two-Speed Start-up mode is
enabled, after which the INTRC
will act as the system clock
until the Oscillator Start-up
Timer has expired.
Note 1: If the new clock source is the INTOSC or INTOSC postscaler, then the IOFS bit will be set 4 ms (approx.)

after the clock change.

© 2003-2013 Microchip Technology Inc.
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4.7.4 EXITING SLEEP WITH AN
INTERRUPT

Any interrupt, such as WDT or INTO, will cause the part
to leave the Sleep mode.

The SCS bits are unaffected by a SLEEP command and
are the same before and after entering and leaving
Sleep. The clock source used after an exit from Sleep
is determined by the SCS bits.

4.7.4.1 Sequence of Events
If SCS<1:0>=00:

1. The device is held in Sleep until the CPU start-up
time-out is complete.

2. If the primary system clock is configured as an
external oscillator (HS, XT, LP), then the OST will
be active waiting for 1024 clocks of the primary
system clock. While waiting for the OST, the
device will be held in Sleep unless Two-Speed
Start-up is enabled. The OST and CPU start-up
timers run in parallel. Refer to Section 15.17.3
“Two-Speed Clock Start-up Mode” for details
on Two-Speed Start-up.

3. After both the CPU start-up timer and the
Oscillator Start-up Timer have timed out, the
device will exit Sleep and begin instruction
execution with the primary clock defined by the
FOSC bits.

If SCS<1:0>=01 or 10:

1.

The device is held in Sleep until the CPU start-up
time-out is complete.

After the CPU start-up timer has timed out, the
device will exit Sleep and begin instruction
execution with the selected oscillator mode.

Note: If a user changes SCS<1:0> just before

entering Sleep mode, the system clock
used when exiting Sleep mode could be
different than the system clock used when
entering Sleep mode.

As an example, if SCS<1:0> = 01, TLOSC
is the system clock and the following
instructions are executed:

BCF OSCCON, SCSO0
SLEEP

then a clock change event is executed. If
the primary oscillator is XT, LP or HS, the
core will continue to run off TLOSC and
execute the SLEEP command.

When Sleep is exited, the part will resume
operation with the primary oscillator after
the OST has expired.
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FIGURE 5-6: BLOCK DIAGRAM OF OSC2/CLKO/RA6 PIN
(Fosc = 1x1)
CLKO (Fosci4) From OSC1 | Oscillator
1 Circuit
0
VDD
! X
Data
OSC2/CLKO
Bus D Q VoD
WR _
PORTA| ) ck~_Q D P
Data Latch
o— D Q p
WR L N
TRISA CK_3Q —
TRIS Latch | (Fosc = 1x1)
—— EMUL Vss
) EMUL + Fosc = 00x, 010
RD TRISA (Fosc = 1x0, 011)
| __ TTL
Q D EMUL Buffer
EN 1
: X
RD PORTA
° {>O :| RA6 pin
(Fosc =1x0, 011)
VDD
A—Dq P
p
o milDaIC
(Fosc = 1x1)

EMUL + Fosc = 00x, 010

Note 1: CLKO signal is 1/4 of the Fosc frequency.

Vss
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7.9 Resetting Timerl Register Pair
(TMR1H, TMR1L)

TMR1H and TMRLL registers are not reset to 00h on a
POR, or any other Reset, except by the CCP1 special
event triggers.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other Resets, the register
is unaffected.

7.10 Timerl Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.

7.11 Using Timerl as a Real-Time Clock

Adding an external LP oscillator to Timerl (such as the
one described in Section 7.6 “Timerl Oscillator”)
gives users the option to include RTC functionality in
their applications. This is accomplished with an inex-
pensive watch crystal to provide an accurate time base
and several lines of application code to calculate the
time. When operating in Sleep mode and using a

battery or supercapacitor as a power source, it can
completely eliminate the need for a separate RTC
device and battery backup.

The application code routine, RTCisr, shown in
Example 7-3, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1 reg-
ister pair to overflow, triggers the interrupt and calls the
routine which increments the seconds counter by one;
additional counters for minutes and hours are
incremented as the previous counter overflows.

Since the register pair is 16 bits wide, counting up to
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to
preload it. The simplest method is to set the MSb of
TMR1H with a BSF instruction. Note that the TMR1L
register is never preloaded or altered; doing so may
introduce cumulative error over many cycles.

For this method to be accurate, Timerl must operate in
Asynchronous mode and the Timerl overflow interrupt
must be enabled (PIE1<0> = 1) as shown in the
routine, RTCinit. The Timerl oscillator must also be
enabled and running at all times.

EXAMPLE 7-3: IMPLEMENTING A REAL-TIME CLOCK USING A TIMER1 INTERRUPT SERVICE
RTCinit BANKSEL TMR1H
MOVLW 0x80 ; Preload TMR1 register pair
MOVWF TMR1H ; for 1 second overflow
CLRF TMR1L
MOVLW b’00001111" ; Configure for external clock,
MOVWF T1CON ; Asynchronous operation, external oscillator
CLRF secs ; Initialize timekeeping registers
CLRF mins
MOVLW .12
MOVWF hours
BANKSEL PIE1
BSF PIE1l, TMR1IE ; Enable Timerl interrupt
RETURN
RTCisr BANKSEL TMR1H
BSF TMR1H, 7 ; Preload for 1 sec overflow
BCF PIR1, TMR1IF ; Clear interrupt flag
INCF secs, F ; Increment seconds
MOVF secs, w
SUBLW .60
BTFSS STATUS, Z ; 60 seconds elapsed?
RETURN ; No, done
CLRF seconds ; Clear seconds
INCF mins, f ; Increment minutes
MOVF mins, w
SUBLW .60
BTFSS STATUS, Z ; 60 seconds elapsed?
RETURN ; No, done
CLRF mins ; Clear minutes
INCF hours, f ; Increment hours
MOVF hours, w
SUBLW .24
BTFSS STATUS, Z ; 24 hours elapsed?
RETURN ; No, done
CLRF hours ; Clear hours
RETURN ; Done
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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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REGISTER 10-2:  SSPCON: MSSP CONTROL (SPI MODE) REGISTER 1 (ADDRESS 14h)
RW-0 RW-0 RW-O RW-O0 RWO0 RWO RWO RW-0
WCOL | SsPOV | SSPEN | CKP | ssPM3 | SSPM2 | SSPM1 | SSPMO
bit 7 bit 0

bit 7 WCOL: Write Collision Detect bit (Transmit mode only)
1 = The SSPBUF register is written while it is still transmitting the previous word.
(Must be cleared in software.)
0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

SPI Slave mode:

1 = Anew byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow.

(Must be cleared in software.)

0 = No overflow

Note: In Master mode, the overflow bit is not set since each new reception (and
transmission) is initiated by writing to the SSPBUF register.
bit 5 SSPEN: Synchronous Serial Port Enable bit

1 = Enables serial port and configures SCK, SDO, SDI and SS as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

Note:  When enabled, these pins must be properly configured as input or output.

bit 4 CKP: Clock Polarity Select bhit

1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
bit 3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits
0101 = SPI Slave mode, clock = SCK pin. @pin control disabled. SS can be used as I/0 pin.
0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled.
0011 = SPI Master mode, clock = TMR2 output/2
0010 = SPI Master mode, clock = Fosc/64
0001 = SPI Master mode, clock = Fosc/16
0000 = SPI Master mode, clock = Fosc/4

Note:  Bit combinations not specifically listed here are either reserved or implemented in
I2C mode only.

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

© 2003-2013 Microchip Technology Inc. DS30498D-page 95



PIC16F7X7

10.4.17.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) Afterthe SCL pin is deasserted, SCL is sampled
low before SDA goes high.

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD<6:0>
and counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0’ (Figure 10-31). If the SCL pin is
sampled low before SDA is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 10-32).

FIGURE 10-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)
‘ TBRG TBRG ‘ SDA sampled
low after TBRG,
_______________ set BCLIF
SDA
SDA asserted low
SCL
PEN Q L
BCLIF
P ‘0’
SSPIF 0
FIGURE 10-32: BUS COLLISION DURING A STOP CONDITION (CASE 2)

TBRG

| TBRG |

Assert SDA
SCL

SCL goes low before SDA goes high,

\/set BCLIF

PEN

|
SDA \T
B

BCLIF

SSPIF

[
T
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When setting up an Asynchronous Transmission, 5. Enable the transmission by setting bit TXEN

follow these steps: which will also set bit TXIF.

1. Initialize the SPBRG register for the appropriate 6. If 9-bit transmission is selected, the ninth bit
baud rate. If a high-speed baud rate is desired, should be loaded in bit TX9D.
set bit BRGH (see Section 11.1 “AUSART 7. Load data to the TXREG register (starts
Baud Rate Generator (BRG)"). transmission).

2. Enable the asynchronous serial port by clearing 8. If using interrupts, ensure that GIE and PEIE
bit SYNC and setting bit SPEN. (bits 7 and 6) of the INTCON register are set.

3. Ifinterrupts are desired, then set enable bit TXIE.
4. If 9-bit transmission is desired, then set transmit

bit TX9.
FIGURE 11-2: ASYNCHRONOUS MASTER TRANSMISSION
Write to TXREG [ (¢
BRG Output Word 1

[ I 1 I 5 5_1 | 1 [

(Shift Clock) — '
RC6/TX/CK (pin)

TN Start bit < Bit0 X bitT X §§ W bit7/8 /Stop bit .

TXIF bit o Word 1 ' :
(Transmit Buffer ' cc '
Reg. Empty Flag) I P} ]

i Word1l — '
TRMT bit G )
(Transmit Shift Transmit Shift Reg ,
Reg. Empty Flag) C

JJ
FIGURE 11-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)
Write to TXREG I I1 )f)f
Word 1 Word 2

BRG Output — 1] | L1 | | | |
(Shift Clock) (]
RCG6/TX/CK (pin) N Start bt < pito X Bl XSS bit 7/8_"Stop bit “\Startbit < bit0
TXIF bit L Word 1 : Word 2 ————
(Interrupt Reg. Flag) U | J(J(

; Word1l —— Word2 —
-(rTR;e’\lAn-grglitt Shift Transmit Shift Reg. Transmit Shift Reg.
Reg. Empty Flag) (C

JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 11-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 : all other
POR, BOR 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
18h RCSTA | SPEN RX9 | SREN | CREN |ADDEN | FERR | OERR RX9D | 0000 000x | 0000 000x
19h TXREG |AUSART Transmit Data 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 locations read as ‘0’. Shaded cells are not used for asynchronous transmission.

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

Figure 12-3 shows the operation of the A/D converter
after the GO/DONE bit has been set and the
ACQT2:ACQTO bits are cleared. A conversion is
started after the following instruction to allow entry into
Sleep mode before the conversion begins.

Figure 12-4 shows the operation of the A/D converter
after the GO/DONE bit has been set, the
ACQT2:ACQTO bhits are set to ‘010" and a 4 TAD
acquisition time is selected before the conversion
starts.

FIGURE 12-3:

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/ID  conversion sample. This means the
ADRESH:ADRESL registers will continue to contain
the value of the last completed conversion (or the last
value written to the ADRESH:ADRESL registers).

After the A/D conversion is completed or aborted, a
2 TAaD wait is required before the next acquisition can be
started. After this wait, acquisition on the selected
channel is automatically started.

The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note:

A/D CONVERSION Tab CYCLES (ACQT<2:0> = 000, TACQ = 0)

ch - TAD TAD1 TAD2 A TAD3  TAD4 TAD5 TAD6  TAD7 TAD8  TAD9 ,TADlO=TAD11

T

Conversion starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO/DONE bit i

b9 b8 b7 b6 b5 b4 b3 b2 bl bO

Next Q4: ADRESH/ADRESL is loaded, GO/DONE bhit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

FIGURE 12-4:

A/D CONVERSION Tab CYCLES (ACQT<2:0> =010, TACQ =4 TAD)

1 2 3

~@— TACQT Cycles

TAD Cycles -

4 11 2 3 4 5 6 .7 8 9 10 11

A

Time

Set GO/DONE bit

acquiring input)

§— Automatic —p»|
Acquisition

(Holding capacitor continues

b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Conversion starts
(Holding capacitor is disconnected)

Next Q4: ADRESH:ADRESL is loaded, GO/DONE bhit is cleared,
ADIF bit is set, holding capacitor is reconnected to analog input.
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13.2 Comparator Operation

A single comparator is shown in Figure 13-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 13-2 represent
the uncertainty due to input offsets and response time.

13.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator operating mode. The
analog signal present at VIN- is compared to the signal
at VIN+ and the digital output of the comparator is
adjusted accordingly (Figure 13-2).

FIGURE 13-2: SINGLE COMPARATOR
VIN+
Output
VIN-

13.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator(s).

13.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the compar-
ators. Section 14.0 “Comparator Voltage Reference
Module” contains a detailed description of the com-
parator voltage reference module that provides this
signal. The internal reference signal is used when
comparators are in mode CM<2:0> = 110 (Figure 13-1).
In this mode, the internal voltage reference is applied to
the VIN+ pin of both comparators.

13.4 Comparator Response Time

Response time is the minimum time after selecting a
new reference voltage, or input source, before the
comparator output has a valid level. If the internal
reference is changed, the maximum delay of the inter-
nal voltage reference must be considered when using
the comparator outputs. Otherwise, the maximum
delay of the comparators should be used (Section 18.0
“Electrical Characteristics”).

13.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RA4 and RA5
I/O pins. When enabled, multiplexors in the output path
of the RA4 and RAS5 pins will switch and the output of
each pin will be the unsynchronized output of the
comparator. The uncertainty of each of the
comparators is related to the input offset voltage and
the response time given in the specifications.
Figure 13-3 shows the comparator output block
diagram.

The TRISA bits will still function as an output enable/
disable for the RA4 and RAS5 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<5:4:>).

Note 1: When reading the Port register, all pins
configured as analog inputs will read as a
‘0", Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a
digital input may cause the input buffer to
consume more current than is specified.

3: RA4 is an open collector /O pin. When
used as an output, a pull-up resistor is
required.
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REGISTER 15-2: CONFIGURATION WORD REGISTER 2 (ADDRESS 2008h)

Ul U1 U1 U1 U1 U1 U1 RP1 U1l U1l U1 U1l RP1 RP-1
| — | =] =] =] =1 =1 = IBorsen] — | — | — | — |IESO |FCMEN|
bit 13 bit 0

bit 13-7 Unimplemented: Read as ‘1’
bit 6 BORSEN: Brown-out Reset Software Enable bit
Refer to Configuration Word Register 1, bit 6 for the function of this bit.
bit5-2  Unimplemented: Read as ‘1’
bit 1 IESO: Internal External Switchover bit
1 = Internal External Switchover mode enabled
0 = Internal External Switchover mode disabled
bit 0 FCMEN: Fail-Safe Clock Monitor Enable bit

1 = Fail-Safe Clock Monitor enabled
0 = Fail-Safe Clock Monitor disabled

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

ADDLW Add Literal and W

Syntax: [label] ADDLW k

Operands: 0<k<255

Operation: (W) +k —> (W)

Status Affected: C, DC, Z

Description: The contents of the W register
are added to the eight-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label] ADDWF fd

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

Operation: (W) + (f) - (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register ‘f'. If ‘d’ is ‘0’, the
result is stored in the W register. If
‘d’" is ‘1’, the result is stored back
in register ‘f'.

ANDLW AND Literal with W

Syntax: [label] ANDLW Kk

Operands: 0< k<255

Operation: (W) .AND. (k) = (W)

Status Affected: Z

Description: The contents of W register are
ANDed with the eight-bit literal ‘k’.
The result is placed in the
W register.

ANDWF AND W with f

Syntax: [label] ANDWF fd

Operands: 0<f<127
d € [0,1]

Operation: (W) .AND. (f) - (destination)

Status Affected: Z

Description: AND the W register with register

‘.1 ‘d’ is ‘07, the result is stored in
the W register. If 'd’ is ‘1, the
result is stored back in register ‘f’.

BCF Bit Clear f

Syntax: [label ] BCF f,b

Operands: 0<f<127
0<b<7

Operation: 0 — (f<b>)

Status Affected:  None

Description: Bit ‘b’ in register ‘f’ is cleared.

BSF Bit Set f

Syntax: [label ] BSF fb

Operands: 0<f<127
0<b<7

Operation: 1 — (f<b>)

Status Affected:  None

Description: Bit ‘b’ in register ‘' is set.

BTFSS Bit Test f, Skip if Set

Syntax: [label ] BTFSS fb

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) = 1

Status Affected: None

Description: If bit ‘b’ in register ‘f'is ‘0’, the next
instruction is executed.
If bit ‘b’ is ‘1’, then the next
instruction is discarded and a NOP
is executed instead, making this a
2 Tcy instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [ label ] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) = 0

Status Affected: None

Description: If bit ‘b’ in register ‘' is ‘1’, the next

instruction is executed.

If bit ‘b’ in register ‘f’ is ‘0, the next
instruction is discarded and a NOP
is executed instead, making this a
2 Tcy instruction.
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18.2

DC Characteristics: Power-Down and Supply Current
PIC16F737/747/767/777 (Industrial, Extended)

PIC16LF737/747/767/777 (Industrial) (Continued)

PIC16LF737/747/767/777
(Industrial)

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta < +85°C for industrial

Operating temperature

PIC16F737/747/767/777
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Operating temperature

Pa;\:sm Device Typ Max | Units Conditions
Supply Current (Ipp)@3
PIC16LF7X7 20 pA -40°C
15 pA +25°C VDD = 2.0V
15 pA +85°C
PIC16LF7X7| 16 30 pA -40°C
14 25 pA +25°C VDD = 3.0V Fosc = 32 kHz
14 25 pA +85°C (LP Oscillator)
All devices| 32 40 pA -40°C
26 35 pA +25°C
26 35 pA +85°C Ve = 5.0V
Extended devices| 35 53 pA +125°C
PIC16LF7X7| 72 95 pA -40°C
76 90 pA +25°C VDD = 2.0V
76 90 pA +85°C
PIC16LF7X7| 138 175 pA -40°C
136 170 pA +25°C VDD = 3.0V Fosc = 1 MHz
136 170 pA +85°C (RC Oscillator)(s)
All devices| 310 380 pA -40°C
290 360 pA +25°C
280 | 360 | pA +85°C VoD = 5.0V
Extended devices| 330 500 pA +125°C

Legend:
Note 1:

Shading of rows is to assist in readability of the table.

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 I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading
and switching rate, oscillator type and circuit, 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 /O pins tri-stated, pulled to VDD;

MCLR = VDD; WDT enabled/disabled as specified.
For RC oscillator configurations, 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.
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FIGURE 19-21: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VDD = 5V, -40°C TO +125°C)
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FIGURE 19-22: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (Vbb = 3V, -40°C TO +125°C)
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20.2 Package Details

The following sections give the technical details of the
packages.

28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

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

Ao A e s e o B e o B e M A B e M AR

NOTE 1

¥
e g -
b — | O |——-— ~-— gB —=—
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 .135 .150
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 .240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

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 .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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28-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
/V\ —~— a4X
©
4 j
— L
(%))
4X g
| —
VIEW C
Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MAX
Number of Pins N 28
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 17.90 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle €] 0° - -
Foot Angle % 0° - 8°
Lead Thickness C 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom g 5° - 15°

Notes:

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

2. § Significant Characteristic

3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.

4. Dimensioning and t

olerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing C04-052C Sheet 2 of 2
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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

EXPOSED
‘ PAD
|

E
4
7 i
7%
. ok
AN
| N NOTE 1
TOP VIEW BOTTOM VIEW

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 44
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 8.00 BSC
Exposed Pad Width E2 6.30 6.45 6.80
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.30 6.45 6.80
Contact Width b 0.25 0.30 0.38
Contact Length L 0.30 0.40 0.50
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 Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-103B
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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