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PIC16C712/716

2.2 Data Memory Organization FIGURE 2-3: REGISTER FILE MAP
The data memory is partitioned into multiple banks File File
which contain the General Purpose Registers and the Address Address
Special Function Registers. Bits RP1 and RPO are the 00h INDEM INDEM 80h
bank select bits. oth|  TMRO | OPTION_REG | 81h
m (STATUS<6:5>) 02h PCL PCL 82h
=00 —> Bank 0 03h| STATUS STATUS |83h
=01 > Bank1 04h FSR FSR 84h
=10 —» Bank 2 (not implemented) 05h PORTA TRISA 85h
=11 —» Bank 3 (not implemented) o6h PORTB TRISB 86h
Note 1: Maintain this bit clear to ensure upward 07h| DATACCP TRISCCP |87h
compatibility with future products. 0sh 8sh
Each bank extends up to 7Fh (128 bytes). The lower 09h 89h
locations of each bank are reserved for the Special 0Ah| PCLATH PCLATH |8Ah
FL:nctiongegistelrslg Ar\bove tFr;e ?r)te(;ialianur:c::]onnF%ggs- oBh | INTCON INTCON | 8Bh
tatc, RAM, Al implemented banke contain Specia
Function Registers. Some “high use” Special Function 0Dh 8Dh
Registers from one bank may be mirrored in another OEh TMR1L PCON 8Eh
bank for code reduction and quicker access. OFh| TMR1H 8Fh
10h| TI1CON 90h
22.1 GENERAL PURPOSE REGISTER
FILE 11h TMR2 91h
12h| T2CON PR2 92h
The register file can be accessed either directly, or 13h 93h
indirectly through the File Select Register FSR (see
Section 2.5 “Indirect Addressing, INDF and FSR 14h 94h
Registers”). 15h| CCPRILL 95h
16h| CCPR1H 96h
17h| CCP1CON 97h
18h 98h
19h 99h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh| ADRES 9Eh
1Fh| ADCONO ADCON1 |9Fh
20h General AOh
Purpose
General Registers
Purpose 32 Bytes BFh
Registers Coh
96 Bytes
7Fh FFh
Bank 0 Bank 1
D Unimplemented data memory locations,
read as ‘0’
Note 1: Not a physical register.
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TABLE 3-1: PORTA FUNCTIONS

Name Bit# Buffer |Function

RAO/ANO bit 0 TTL Input/output or analog input

RA1/AN1 bit 1 TTL Input/output or analog input

RA2/AN2 bit 2 TTL Input/output or analog input

RA3/AN3/VREF |bit 3 TTL Input/output or analog input or VREF

Input/output or external clock input for TimerO

RA4/TOCKI bit 4 ST Output is open drain type

Legend: TTL =TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on Value on all
Address |Name Bit7 | Bit6 | Bit5|Bit4 |Bit3| Bit2 | Bitl | Bit0 POR,
other Resets
BOR
05h PORTA | — | — | - | RA4 | RA3 | RA2 RAL RAO | --XX XXXX | --Xu uuuu
85h TRISA — | — | —™M | PORTA Data Direction Register --11 1111 | --11 1111
9Fh ADCON1| — | — | — | — \ — |PCFGZ‘PCFGl|PCFGO ~e=- 2000 | ---- -000
Legend: x = unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
PORTA.

Note 1: Reserved bits; Do Not Use.

© 1999-2013 Microchip Technology Inc.
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PIC16C712/716

PORTB pins RB3:RB1 are multiplexed with several
peripheral functions (Table 3-3). PORTB pins RB3:RB0O
have Schmitt Trigger input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTB pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISB as
destination should be avoided. The user should refer to
the corresponding peripheral section for the correct
TRIS bit settings.

Four of PORTB’s pins, RB7:RB4, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins, RB7:RB4, are
compared with the old value latched on the last read of

PORTB. The “mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

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

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

FIGURE 3-4: BLOCK DIAGRAM OF RB1/T10SO/T1CKI PIN
RBPUM <
TMRICS T1050EN$~
T1CS
1 b
\I
Data Bus 0
—
RD
DATACCP
DATACCP<0>
D Q .
WR —= Weak
cKL D—q P VoD
DATACCP Q Pull-up
TRISCCP<0>
D Q > o o~ RBI/TI0SO/T1CKI
WR CK\LQ
TRISCCP
-
PORTB<1>
D Q H Vss
WR cKLQ
PORTB
TRISB<1>
o o —1 )
WR TRISB CK_\_Q
T10SCEN
TMRI1CS
TTL Buffer
RD PORTB . |
T1CLKIN
ST
Buffer
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).
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FIGURE 3-5: BLOCK DIAGRAM OF RB2/T10SI PIN

VDD

RBPUM weak
T10SCEN P pull-up

5

PORTB<2>
DATA BUS b 9
WR PORTB ok a
TRISB<2>
e— D Q
WR TRISB kg
T10SCEN Dc
1
RD PORTB ™~

TTL Buffer

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

VDD

RB1/T10SO/T1CKI

Vss

FIGURE 3-6: BLOCK DIAGRAM OF RB3/CCP1 PIN

RBPUM
CCPON

) O

CCPIN

CCPOUT

—1

B

weak
K §P pull-up Vbp

o< RB3/CCP1

™S
0
1 T

] —

DATA BUS
—Y
RD
DATACCP
DATACCP<2>
D Q
WR cKLQ
DATACCP
TRISCCP<2>
D Q
WR =
TRISCCP CKA-Q
CCP
Output A
Mode
PORTB<3>
D Q
WR =
PORTB cK-Q
TRISB<3>
D Q
WR
TRISB
CCPON
RD PORTB |

TTL Buffer

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).
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FIGURE 3-7: BLOCK DIAGRAM OF RB7:RB4 PINS
VDD
REPUM I:: gweak VDD
P
DATA BUS Data Latch
D Q
WR PORT oK\
TRIS Latch
D Q
WR TRIS TTL
CK_\— Buffer‘7 37
ST
Buffer
[ p
RD TRIS Latch
/I Q D
RD PORT EN Q1
Set RBIF
From other é Q D
RB7:RB4 pins RD PORT
EN
Q3
RB7:RB6 in Serial Programming mode
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

TABLE 3-3: PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INT bit 0 TTUST™ Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

RB1/T10S0/ | bit1 TTU/ST Input/output pin or Timer1 oscillator output, or Timer1 clock input. Internal

T1CKI software programmable weak pull-up. See Timerl section for detailed
operation.

RB2/T10SI bit 2 TTL/ST Input/output pin or Timer1 oscillator input. Internal software programmable
weak pull-up. See Timerl section for detailed operation.

RB3/CCP1 bit 3 TTU/ST Input/output pin or Capture 1 input, or Compare 1 output, or PWM1 output.

Internal software programmable weak pull-up. See CCP1 section for
detailed operation.

RB4 bit 4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB5 bit 5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB6 bit 6 TTL/ST@ Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up. Serial programming clock.

RB7 bit 7 TTL/ST@ Input/output pin (with interrupt-on-change). Internal software programmable

weak pull-up. Serial programming data.

Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt or peripheral input.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
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7.3 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTB data latch,
the TRISCCP<2> bit must be cleared to make the
CCP1 pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is neither the PORTB /O

data latch nor the DATACCP latch.

Figure 7-5 shows a simplified block diagram of the
CCP module in PWM mode.

For a step by step procedure on how to set up the CCP
module for PWM operation, see Section 7.3.3 “Set-
Up for PWM Operation”.

FIGURE 7-5: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty cycle registers f CCP1CON<5:4>

| CCPRIL ‘

ﬁf—

| CCPRIH (Slave) | ‘
| Comparator i R Q
{} RB3/CCP1
| TMR2 | (Note 1)‘
&—S
Comparator TRISCCP<2>
Clear Timer,
* CCP1 pin and
PR2 latch D.C.

Note 1: 8-bit timer is concatenated with 2-bit internal Q clock
or 2 bits of the prescaler to create 10-bit time base.

A PWM output (Figure 7-6) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period (1/
period).

FIGURE 7-6: PWM OUTPUT

Period = PR2+1

_  — n

'
Duty Cycle ,
. TMR2 =PR2

TMR2 = Duty Cycle (CCPR1H)

TMR2 = PR2

7.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:
PWM period = [(PR2) + 1] » 4+ TOSC *
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR?2 is equal to PR2, the following three events
occur on the next increment cycle:
 TMR2 is cleared
* The CCPL1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

* The PWM duty cycle is latched from CCPRL1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 6.0
“Timer2 Module”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.

7.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle= (CCPR1L: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.

The CCPRI1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCP1 pin is cleared.

Maximum PWM resolution (bits) for a given PWM
frequency:

Fosc
Fpwm
= log bits

log(2)

Note:  If the PWM duty cycle value is longer than
the PWM period the CCP1 pin will not be

cleared.

For an example PWM period and duty cycle calcula-
tion, see the PIC® Mid-Range Reference Manual,
(DS33023).

DS41106C-page 42

© 1999-2013 Microchip Technology Inc.



PIC16C712/716

FIGURE 8-2: ADCON1 REGISTER (ADDRESS 9Fh)
U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
| — [ = | — — | — | pcFe2 | PcFG1 | PCFGO | |R =Readable bit
bit7 bito | W = Writable bit
U =Unimplemented bit,
read as ‘0’
-n = Value at POR
Reset

bit 7-3: Unimplemented: Read as ‘0’
bit 2-0: PCFG2:PCFGO0: A/D Port Configuration Control bits

PCFG2:PCFGO RAO | RA1 | RA2 RA3 | VREF
0x0 A A A A VDD
0x1 A A A VREF | RA3
100 A A D A VDD
101 A A D VREF |RA3
11x D D D D VDD

A = Analog input
D = Digital I/0

DS41106C-page 46 © 1999-2013 Microchip Technology Inc.
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8.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the Charge Holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 8-4. The source
impedance (Rs) and the internal sampling switch (Rss)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD). The
source impedance affects the offset voltage at the
analog input (due to pin leakage current). The
maximum recommended impedance for analog
sources is 10 kQ. After the analog input channel is
selected (changed) this acquisition must be done
before the conversion can be started.

FIGURE 8-4: ANALOG INPUT MODEL

To calculate the minimum acquisition time, TACQ, see
the PIC® Mid-Range Reference Manual, (DS33023).
This equation calculates the acquisition time to within
1/2 LSb error (512 steps for the A/D). The 1/2 LSb error
is the maximum error allowed for the A/D to meet its
specified accuracy.

Note:  When the conversion is started, the hold-
ing capacitor is disconnected from the
input pin.

VDD

Sampling
Switch

Ric<ik +SS Rss:

______ VT =06V
Rs 1 ANX

! . cem | L CHoLD
I I PIN _L. _L_ = DAC capacitance
@ | leakage - p
N SR T V=06V (§ )+500 nA =512 pF
= ¢ Vss
Legend: CPIN = input capacitance
\'A) = threshold voltage g¥
| leakage = leakage current at the pin due to VDD 4V.
various junctions 3V.

Ric = interconnect resistance 2V

SS = sampling switch

CHoOLD = sample/hold capacitance (from DAC)

567891011

Sampling Switch
(k@)

DS41106C-page 48
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8.2 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TaD. The
A/D conversion requires 9.5TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selectable. The four possible options for TAD are:

e 2T0sC
e 8Tosc
e 32Tosc
« Internal RC oscillator
For correct A/D conversions, the A/D conversion clock

(TAD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 8-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

8.3 Configuring Analog Port Pins

The ADCONL1 and TRISA registers control the opera-
tion of the A/D port pins. The port pins that are desired
as analog inputs must have their corresponding TRIS
bits set (input). If the TRIS bit is cleared (output), the
digital output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins
configured as digital inputs, will convert
an analog input. Analog levels on a
digitally configured input will not affect the
conversion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN3:ANO
pins), may cause the input buffer to
consume current that is out of the devices

specification.

TABLE 8-1: TAD vs. DEVICE OPERATING FREQUENCIES
AD Clock Source (TAD) Device Frequency

Operation ADCS1:ADCSO0 20 MHz 5 MHz 1.25 MHz 333.33 kHz
2Tosc 00 100 ns(® 400 ns® 1.6 us 6 us
8Tosc 01 400 ns® 16 us 6.4 us 24 ps®
32Tosc 10 1.6 us 6.4 ps 25.6 ps® 96 ps®
Rrc®) 11 2-6 ps(1:4) 2-6 ps(1-4) 2-6 ps(1-4) 2-6 pst
Legend: Shaded cells are outside of recommended range.
Note 1: The RC source has a typical TAD time of 4 us.

2: These values violate the minimum required TAD time.

3: For faster conversion times, the selection of another clock source is recommended.

4: When device frequency is greater than 1 MHz, the RC A/D conversion clock source is recommended for

Sleep operation only.
5. For extended voltage devices (LC), please refer to Electrical Specifications section.

© 1999-2013 Microchip Technology Inc.
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FIGURE 9-6: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
7
MCLR
SLEEP
WDT |WDT —
Module [Time-out
Reset
o VDD rise
detect
VoD Power-on Reset
Brown-out
Reset | BODEN S
OST/PWRT
osT T | Chip_Reset
10-bit Ripple counter I > R QF——>
osc1 _ ’—‘_/
(1) PWRT
On-chi
RC OS% 4|> 10-bit Ripple counter lf
/?7 PWRT  See Table 9-3 for time-out
Enable PWRT BODEN situations.
Enable OST

Note 1: Thisis a separate oscillator from the RC oscillator of the CLKIN pin.

FIGURE 9-7: BROWN-OUT SITUATIONS
VDD
_____________v _________________ VBOR
et
Internal [ =———
Reset 72ms
VDD
______________\_f:\f _____________ VBOR
/! ! |
| ! |
Internal | <72ms o—5——__
Reset 72ms
VDD
_____ \_____________f_____________ VBOR
| |
I I
Internal F—’l—
Reset 72ms
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TABLE 9-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS OF THE PIC16C712/716
Register Power-on Reset, MCLR Resets Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt

w XXXX XXXX uuuu uuuu uuuu uuuu
INDF N A N A N A
TMRO XXXX XXXX uuuu uuuu uuuu uuuu
PCL 0000h 0000h pPC + 1@
STATUS 0001 1xxx 000q quuu®® uuug quuu®
FSR XXXX XXXX uuuu uuuu uuuu uuuu
PORTA® --0x 0000 - - XX XXXX --Xu uuuu
PORTB®) XXXX  XXXX uuuu uuuu uuuu uuuu
DATACCP ---- -X-X ---- -u-u ---- -Uu-u
PCLATH ---0 0000 ---0 0000 ---Uu uuuu
INTCON 0000 -00x 0000 -00u uuuu - uuu®

---- 0000 ---- 0000 - === uuuuM
PIR1

-0-- 0000 -0-- 0000 -u-- uuuuM
TMR1L XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H XXXX XXXX uuuu uuuu uuuu uuuu
T1CON --00 0000 --uu uuuu --uu uuuu
TMR2 0000 0000 0000 0000 uuuu uuuu
T2CON - 000 0000 - 000 0000 - uuu uuuu
CCPRI1L XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON --00 0000 --00 0000 --uu uuuu
ADRES XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG 1111 1111 1111 1111 uuuu uuuu
TRISA --11 1111 --11 1111 --uu uuuu
TRISB 1111 1111 1111 1111 uuuu uuuu
TRISCCP XXXX X1x1 XXXX x1x1 XXXX XUXUu
PIEL ---- 0000 ---- 0000 ---- uuuu

-0-- 0000 -0-- 0000 -u-- uuuu
PCON ---- --0q ---- --uq ---- --uq
PR2 1111 1111 1111 1111 1111 1111
ADCON1 ---- -000 ---- -000 ---- -uuu
Legend: u =unchanged, x = unknown, —= unimplemented bit, read as ‘0’, g = value depends on condition

Note 1: One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).

akre

See Table 9-5 for Reset value for specific condition.
On any device Reset, these pins are configured as inputs.
This is the value that will be in the port output latch.

© 1999-2013 Microchip Technology Inc.
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9.10

The PIC16C712/716 devices have up to 7 sources of
interrupt. The Interrupt Control Register (INTCON)
records individual interrupt requests in flag bits. It also
has individual and global interrupt enable bits.

Interrupts

Note:  Individual interrupt flag bits are set regard-
less of the status of their corresponding

mask bit or the GIE bit.

A Global Interrupt Enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be
disabled through their corresponding enable bits in
various registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on Reset.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

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

The peripheral interrupt flags are contained in the
Special Function Registers, PIR1 and PIR2. The corre-
sponding interrupt enable bits are contained in Special
Function Registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in Special Function
Register, INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto 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 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. The latency
is the same for one or two cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit or the GIE bit.

FIGURE 9-14: INTERRUPT LOGIC
TOIE Wake-up (If in Sleep mode)
TOIE :D—I—T\ r
INTF
:l:) Interrupt to CPU
ADIF
ADIE
CCP1IF
CCP1IE GIE
TMRZIF:I )
TMR2IE
TMR1IF
TMRI1IE
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9.13 Power-down Mode (Sleep)

Power-Down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The I/O ports maintain the status they had,
before the SLEEP instruction was executed (driving
high, low, or high-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external
circuitry is drawing current from the /O pin, power-
down the A/D and the disable external clocks. Pull all I/
O pins, that are high-impedance inputs, high or low
externally to avoid switching currents caused by float-
ing inputs. The TOCKI input should also be at VbD or
Vss for lowest current consumption. The contribution
from on-chip pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (VIHMC).

9.13.1 WAKE-UP FROM SLEEP

The device can wake up from Sleep through one of the

following events:

1. External Reset input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change, or some
peripheral interrupts.

External MCLR Reset will cause a device Reset. All

other events are considered a continuation of program

execution and cause a “wake-up”. The TO and PD bits

in the STATUS register can be used to determine the

cause of device Reset. The PD bit, which is set on

power-up, is cleared when SLEEP is invoked. The TO

bit is cleared if a WDT Time-out occurred (and caused

wake-up).

The following peripheral interrupts can wake the device

from Sleep:

1. TMR1linterrupt. Timerl mustbe operating as an
asynchronous counter.

2. CCP Capture mode interrupt.

3. Special Event Trigger (Timerl in Asynchronous
mode using an external clock).

Other peripherals cannot generate interrupts, since
during Sleep, no on-chip clocks are present.
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11.11 PICSTART Plus Development
Programmer

The PICSTART Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus Development Programmer supports
most PIC devices in DIP packages up to 40 pins.
Larger pin count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus Development Programmer is CE
compliant.

11.12 Demonstration, Development and
Evaluation Boards

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart® battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Check the Microchip web page (www.microchip.com)
and the latest “Product Selector Guide” (DS00148) for
the complete list of demonstration, development and
evaluation kits.
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Standard Operating Conditions (unless otherwise stated)

Operating temperature 0°C <Ta< +70°C for commercial
-40°C <Ta<  +85°C for industrial
-40°C <Ta< +125°C for extended

DC CHARACTERISTICS Operating voltage VDD range as described in DC spec Section 12.1

“DC Characteristics: PIC16C712/716-04 (Commercial, Industrial,

Extended) PIC16C712/716-20 (Commercial, Industrial,

Extended)” and Section 12.2 “DC Characteristics: PIC16LC712/

716-04 (Commercial, Industrial)”

Param | Sym. Characteristic Min. | Typt| Max. | Units Conditions
No.
Output Low Voltage
D080 |VoL 1/0 ports — — 0.6 V |loL=8.5mA, VDD =4.5V,
-40°C to +85°C
— — 0.6 V |loL=7.0 mA, VDD = 4.5V,
-40°C to +125°C
D083 OSC2/CLKOUT — — 0.6 V |loL=1.6 mA, VDD = 4.5V,
(RC Osc mode) -40°C to +85°C
— — 0.6 V |loL=1.2mA, VDD = 4.5V,

-40°C to +125°C

Output High Voltage

D090 |VoH 1/0 ports (Note 3) VDbD-0.7| — — V |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
VDD-0.7| — — V |loH =-2.5mA, VDD = 4.5V,
-40°C to +125°C
D092 OSC2/CLKOUT (RC Osc VDD-0.7| — — V |loH =-1.3 mA, VDD = 4.5V,
mode) -40°C to +85°C
Vbp-0.7| — — V |loH =-1.0 mA, VDD = 4.5V,
-40°C to +125°C
D150* |Vob |Open-Drain High Voltage — — 8.5 V  |RA4 pin
Capacitive Loading Specs on
Output Pins
D100 |[Cosc2 |OSC2 pin — — 15 pF |In XT, HS and LP modes when
external clock is used to drive
OSCL1.
D101 |[Cio All'l/O pins and OSC2 (in RC — — 50 pF
mode)

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: In RC Oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the PIC
MCU be driven with external clock in RC mode.

2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3: Negative current is defined as current sourced by the pin.
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12.4 AC (Timing) Characteristics

1241 TIMING PARAMETER SYMBOLOGY
The timing parameter symbols have been created

using one of the following formats:

1. TppS2ppS
2. TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc 0OscC1
ck CLKOUT rd RD
cs CS rw RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-impedance) \% Valid
L Low z High-impedance

© 1999-2013 Microchip Technology Inc.
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12.4.2 TIMING CONDITIONS

The temperature and voltages specified in Table 12-1
apply to all timing specifications, unless otherwise
noted. Figure 12-3 specifies the load conditions for the
timing specifications.

TABLE 12-1: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

Standard Operating Conditions (unless otherwise stated)
Operating temperature 0°C <Ta< +70°C for commercial

-40°C <TA< +85°C forindustrial

-40°C < TA< +125°C for extended

AC CHARACTERISTICS Operating voltage VDD range as described in DC spec Section 12.1 “DC Characteristics:

PIC16C712/716-04 (Commercial, Industrial, Extended) PIC16C712/716-20 (Commercial,
Industrial, Extended)” and Section 12.2 “DC Characteristics: PIC16LC712/716-04 (Com-
mercial, Industrial)”.
LC parts operate for commercial/industrial temp’s only.

FIGURE 12-3: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load condition 1 Load condition 2
VDD/2
L
RL Pin CL
L d E
— nd:
Pin 1 o Rigi 4640
Vss CL = 50pF forall pins except OSC2/CLKOUT

15 pF for OSC2 output
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TABLE 12-7: A/D CONVERTER CHARACTERISTICS:
P1C16C712/716-04 (COMMERCIAL, INDUSTRIAL, EXTENDED)
P1C16C712/716-20 (COMMERCIAL, INDUSTRIAL, EXTENDED)
PIC16LC712/716-04 (COMMERCIAL, INDUSTRIAL)
Param | Sym. | Characteristic Min. Typt Max. Units Conditions
No.
A0l NR | Resolution — — 8-bits bit | VREF = VDD = 5.12V,
Vss £ VAN £ VREF
AO2 | EaBs | Total Absolute error — — <#+1 LSb | VREF = VDD = 5.12V,
Vss £ VAN £ VREF
A03 EIL | Integral linearity error — - <#1 LSb | VREF = VDD = 5.12V,
Vss £ VAN £ VREF
AO4 | EpL | Differential linearity error — - <#1 LSb | VREF = VDD = 5.12V,
Vss £ VAIN £ VREF
A05 EFs | Full scale error — — <+1 LSb | VREF = VDD = 5.12V,
Vss £ VAIN £ VREF
A06 | EoFF | Offset error — — <+1 LSb | VREF = VDD = 5.12V,
Vss £ VAIN £ VREF
A10 — | Monotonicity — guaranteed — — | Vss £ VAN £ VREF
(Note 3)
A20 | VREF | Reference voltage 2.5V — VoD + 0.3 Vv
A25 | VAIN | Analog input voltage Vss-0.3 — VREF+0.3 | V
A30 | ZAIN | Recommended impedance of — — 10.0 kQ
analog voltage source
A40 IaD | A/D conversion cur- Standard — 180 — pA | Average current consump-
rent (VDD) Extended (LC) _ 90 _ LA tion when A/D is on.
(Note 1)
A50 | IREF |VREF input current (Note 2) 10 — 1000 pA | During VAIN acquisition.
Based on differential of
VHOLD to VAIN to charge
CHoLD, see Section 9.1
“Configuration Bits”.
— — 10 pA
During A/D Conversion
cycle
2: These parameters are characterized but not tested.

3:

+

Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.

Note 1: When A/D is off, it will not consume any current other than minor leakage current.
The power-down current spec includes any such leakage from the A/D module.

2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
3: The A/D conversion result never decreases with an increase in the Input Voltage, and has no missing codes.
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13.0 PACKAGING INFORMATION

13.1 Package Marking Information

18-Lead PDIP

XXXXXXXXXXXXXXXXX
D XXXXXXXXXXXXXXXXX

o A YYWWNNN

18-Lead CERDIP Windowed

XXXXXXXX
W XXXXXXXX
MICROCHIP YYWWNNN

18-Lead SOIC (.300")

XXX XXXXXXXXX
XXX XXX XXXXXX
XXX XXX XXXXXX

o R\ YYWWNNN

Example

D
@)

PIC16C716-04/P
R\ 0510017

Example

PIC16C
ﬁ\ 716/JW
MiICROCHIP 0510017

Example

/SO

PIC16C712-20

R\ 0510017

@)
20-Lead SSOP Example
XXXXXXXXXXX PIC16C712
XXXXXXXXXXX -201/SS
R\ YYWWNNN R\ 0510017
O O
Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

3

ww Week code (week of January 1 is week ‘01’)

NNN  Alphanumeric traceability code

3 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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PORTC
TRISC REQISIEN ...ttt 12
Postscaler, Timer2
Select (TOUTPS3:TOUTPSO BitS) .....cccccevvverivieninnn 36
Postscaler, WDT ......cocuiiiieiieiiieiie e 29
Assignment (PSA Bit) . .
BloCK Diagram..........ccceviiiiiciiieiie e 30
Rate Select (PS2:PS0 BitS) .......cccevvvveviiniiinnnenns 14, 29
Switching Between Timer0 and WDT ........ccccccvveenee. 30
Power-down Mode. See Sleep
Power-on Reset (POR) .......cccccveriiniiennnn. 51, 54, 55, 58, 59
Oscillator Start-up Timer (OST) ....cccoveevveeirveeens 51, 55
POR Status (POR Bit)....................
Power Control (PCON) Register ...
Power-down (PD Bit) .........cccccoueeee. .
Power-on Reset Circuit, External...........cccccovcvrnineenne.
Power-up Timer (PWRT) ...c..coceviiiiieiiiiiienieene
PWRT Enable (PWRTE Bit)......ccocveviiiiieeieeeiene
TiME-0Ut (TO Bit) ....veoveceeeeeeeeeeeeeeeeeee e
Time-out Sequence...........ccocueeeee..
Time-out Sequence on Power-up ..
Timing Diagram.........cccccevvveecnnennne.
Prescaler, Capture ..........cccccveiiiiiie i
Prescaler, TIMer0...........cccecviiiiniiniiici e
Assignment (PSA Bit) ......ccoviiiiiiiiiiiiniee
BlOCK Diagram..........cccvevviiiiiciiiiiie e
Rate Select (PS2:PS0 BitS) ......ccccceevvveeerivieennn.
Switching Between Timer0 and WDT ..........ccceevveenee 30
Prescaler, Timerl.......ccccoovvecieniinieenencenn
Select (TLCKPS1:T1CKPSO Bits)..
Prescaler, Timer2........cccccovevvveniiennecnnn.
Select (T2CKPS1:T2CKPSO0 BitS)......ccccvevvierviiniene
Product Identification System .........cccceveeiiieeniiieniiieeee
Program Counter
PCL REgISter....uviiiiieiiiiciicriieeiteee et 11, 19
PCLATH Register .
Reset Conditions...

Program Memory ..........
INEEITUPE VECIOT ..o
PaGiNG ...ccvviiiiiiie e
Program Memory Map
RESEt VECION ..o

Program Verification ..........ccccoviiiiiiiiiiiiiiiic e

Programming, Device INStructions ...........cc.cceveveivinneeninene 67

PWM (CCP Module) .
BlOCK Diagram..........cccvevviiinieiiiiiie e
CCPR1H:CCPRI1L ReQiSters.......cccccvvueicvierirerieinene 42
DULY CYCIE...coiiiiieieit et 42
Example Frequencies/Resolutions ..............cccceeeueen. 43
Output Diagram.........ccceeviiniiiiiiiiieiee e 42
Period.....cccoooiiiiiii 42
Set-Up for PWM Operation ............ccocevcvievieiieeneeen 43
TMR2 to PR2 Match .....cccoovveiiiiiieen. ... 36, 42
TMR2 to PR2 Match Enable (TMR2IE Bit) ................ 16
TMR2 to PR2 Match Flag (TMR2IF Bit) .........cccceeu. 17

Q

Q-CIOCK .ttt 42

R

RAM. See Data Memory

Reader RESPONSE ......ccocviiiiiiiieiiiee et 104

REQIStEr File ... 10

Register File Map ........coooieiiiiieiiiee e 10

Reset ................ ....51, 54
Block Diagram.........ccceeviveeiiiiieeiiie e 56

Brown-out Reset (BOR). See Brown-out Reset (BOR)
MCLR Reset. See MCLR
Power-on Reset (POR). See Power-on Reset (POR)

Reset Conditions for All Registers..........ccccccvevvenen.
Reset Conditions for PCON Register .....
Reset Conditions for Program Counter .
Reset Conditions for STATUS Register .................... 58
Timing DIagram .....c.occoveeciieiiiiiiiesie et 83
WDT Reset. See Watchdog Timer (WDT)

ReVISION HIStOMY .......oooviiiiiiiiiiinccice e 95

S

SIEEP it 64

SIEEP ettt e 51, 54

Software Simulator (MPLAB SIM) .......cccoviiiiiiiieciieeene 70

Special Event Trigger. See Compare

Special Features of the CPU ..........cccccoiiiiiiiiciniecc e 51

Special Function Registers.... Lo 11

Speed, OPErating .......cceecueeeeiieieeiieeeiie e e e 1

STACK. ...t 19

STATUS REQGISIEN ..o 11, 13, 62
C Bt et 13

T

TLCON REQISIEN ....eeiiiiiiiiiie sttt 11,31
TICKPSL:TICKPSO BitS....ccveveiireieeeereee s 31
T1OSCEN Bit ......oocvvenee.
T1SYNC Bit....
TMRICS Bit..ocoviciieceieeie e
TMRLION Bit ..ot

T2CON REQISIEN ..ottt
T2CKPS1:T2CKPSO0 BitS....ccveveiirereeeeneeee e
TMR20ON Bit ....ccovevveiene.
TOUTPS3:TOUTPSO Bits

TImMer0 ...ccoocevvviiiiiiii
BIOCK Diagram .........ccocueeriieiiieniie e
Clock Source Edge Select (TOSE Bit) ................. 14, 29
Clock Source Select (TOCS Bit) .....c.ccvveeriereennennn. 14, 29
Overflow Enable (TOIE Bit) ........cccoeercviiiieniiiiiiciieee 15
Overflow Flag (TOIF Bit) .....c.ccovvevvveiieniiiiieiie 15, 62
Overflow INerrupt .......cccvveeiiieii e, 30, 62

Prescaler. See Prescaler, Timer0
Timing Diagram
TMRO Register

TIMEIL Lo
BlOCK Diagram ........cccceeevieiiiniiiiiciie e
Capacitor SElection ..........cccocvveiiieieeeee e 34
Clock Source Select (TMR1CS Bit).......cccooveiveenene 31
External Clock Input Sync (T1ISYNC Bit) ...31
Module On/Off (TMRLION Bit) ......cccovevvieneiriiicieieene 31
Oscillator........ccocveiiiiiiiicciee 31,34
Oscillator Enable (TLOSCEN Bit) .......cooeevveeiiieieenne. 31
Overflow Enable (TMRLIE Bit) ....covvevviviiiiieeiieens 16
Overflow Flag (TMRLIF Bit) .....ocovvvviiiiiieiieeeeiieeees 17
Overflow INTErruPt.......covvvieriieiic e 31,34
Prescaler. See Prescaler, Timerl
Special Event Trigger (CCP) ...cooccvevviveeiiieeene 34,41
T1CON Register........cooeueue..

Timing Diagram ....
TMRIH REQISIEr....coiiiiiiiiiie et
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