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PIC16C712/716

NOTES:

DS41106C-page 4 © 1999-2013 Microchip Technology Inc.



PIC16C712/716

TABLE 1-1: PIC16C712/716 PINOUT DESCRIPTION

Pin PIC16C712/716 Pin Buffer
Name DIP, SOIC SSOP Type Type Description
MCLR/VpPp 4 4

MCLR | ST Master clear (Reset) input. This pin is
an active low Reset to the device.

VPP P Programming voltage input

OSC1/CLKIN 16 18

OsC1 | ST Oscillator crystal input or external clock
source input. ST buffer when config-
ured in RC mode. CMOS otherwise.

CLKIN | CMOS External clock source input.

OSC2/CLKOUT 15 17

0oscC2 (0] — Oscillator crystal output. Connects to
crystal or resonator in crystal oscillator
mode.

CLKOUT (0] — In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency
of OSC1, and denotes the instruction
cycle rate.

PORTA is a bidirectional 1/0O port.

RAO/ANO 17 19

RAO 1/0 TTL Digital 1/0

ANO | Analog Analog input 0
RA1/AN1 18 20

RA1 1/0 TTL Digital 1/0

AN1 | Analog Analog input 1
RA2/AN2 1 1

RA2 1/0 TTL Digital 1/0

AN2 | Analog Analog input 2
RA3/ANS3/VREF 2 2

RA3 1/0 TTL Digital 1/0

AN3 | Analog Analog input 3

VREF | Analog A/D Reference Voltage input.

RA4/TOCKI 3 3

RA4 110 ST/OD Digital /0. Open drain when configured
as output.

TOCKI | ST Timer0 external clock input

Legend: TTL = TTL-compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels
OD = Open drain output
SM = SMBus compatible input. An external resistor is required if this pin is used as an output

NPU = N-channel pull-up PU = Weak internal pull-up
No-P diode = No P-diode to VDD AN = Analog input or output
| = input O = output

P = Power L = LCD Driver
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PIC16C712/716

2.0 MEMORY ORGANIZATION

There are two memory blocks in each of these PIC®
microcontroller devices. Each block (Program Memory
and Data Memory) has its own bus so that concurrent
access can occur.

Additional information on device memory may be found
in the PIC® Mid-Range Reference Manual, (DS33023).

2.1

The PIC16C712/716 has a 13-bit Program Counter
(PC) capable of addressing an 8K x 14 program mem-
ory space. PIC16C712 has 1K x 14 words of program
memory and PIC16C716 has 2K x 14 words of program
memory. Accessing a location above the physically
implemented address will cause a wraparound.

Program Memory Organization

The Reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK OF THE
PIC16C712
PC<12:0>
CALL, RETURN 1
RETFI E, RETLW 3
Stack Level 1
Stack Level 8
K3 Reset Vector 0000h
E <::
g Interrupt Vector 0004h
E o 0005h
v QO
=38
AL
4 On-chip Program
Memory
03FFh
0400h
1FFFh

FIGURE 2-2: PROGRAM MEMORY MAP
AND STACK OF PIC16C716
PC<12:0>
CALL, RETURN 13

User Memory

RETFI E, RETLW

Stack Level 1

Stack Level 8

Re

set Vector

0000h

Interrupt Vector

0004h

Space

On-chip Program

Memory

0005h

07FFh

0800h

1FFFh
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2.2.2.3

The INTCON Register is a readable and writable regis-
ter which contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

INTCON Register

Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an

interrupt.
FIGURE 2-6: INTCON REGISTER (ADDRESS 0Bh, 8Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
| ce | pee | Toe [ INTE | RBIE | TOF | INTFE | RBIF | [R =Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR Reset
bit 7: GIE: Global Interrupt Enable bit
1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6:  PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5:  TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4: IINTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3:  RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2:  TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1:  INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0: RBIF: RB Port Change Interrupt Flag bit
1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

© 1999-2013 Microchip Technology Inc.
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FIGURE 3-5: BLOCK DIAGRAM OF RB2/T10SI PIN
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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 3-6: BLOCK DIAGRAM OF RB3/CCP1 PIN
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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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FIGURE 5-2: TIMER1 BLOCK DIAGRAM
Set flag bit
TMR1IF on
Overflow 0 Synchronized
TMR1 clock input
TMR1H ‘ TMR1L .
1|e—
TMR1ON
-------- on/off T1SYNC
' T10sC |
RBL/T1OSO/TICKI & s 0 % 1 ST
: | Prescaler ynchronize B
T10SCEN Fosc/4 1,2,4,8 _/_det
cE)na_ﬁIe () Internal—j 0 } I
RB2/T10SI scillator
Clock 2 Sleep input
““““ T1CKPS1:T1ICKPSO
TMR1CS

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

52 Timerl Module and PORTB

Operation

When Timerl is configured as timer running from the
main oscillator, PORTB<2:1> operate as normal 1/O
lines. When Timerl is configured to function as a
counter however, the clock source selection may affect
the operation of PORTB<2:1>. Multiplexing details of
the Timerl clock selection on PORTB are shown in
Figure 3-4 and Figure 3-5.

The clock source for Timerl in the Counter mode can

be from one of the following:

1. External circuit connected to the RB1/T10SO/
T1CKI pin

2. Firmware controlled DATACCP<0> bit, DT1CKI

3. Timerl oscillator

Table 5-1 shows the details of Timerl mode selections,
control bit settings, TMR1 and PORTB operations.

DS41106C-page 32
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7.3.3

TRISCCP<2> bit.

SET-UP FOR PWM OPERATION

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

1. Set the PWM period by writing to the PR2
register.

2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 7-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 7-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on Value on
Address |Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
07h DATACCP - - - - - DCCP — DTICK |[XXXX XXXX |XXXX Xuxu
0Bh,8Bh |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
0Ch PIR1 — ADIF — — — CCP1IF | TMR2IF | TMR1IF |-0-- -000|-0-- -000
11h TMR2 Timer2 Module’s Register 0000 0000|0000 0000
12h T2CON — | TouTPS3 | TOUTPS2| TOUTPS1 | TOUTPSO| TMR2ON| T2CKPS1| T2CKPSO0 | - 000 0000 |- 000 0000
15h CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX [uuuu uuuu
16h CCPR1H | Capture/Compare/PWM Register 1 (MSB) XXXX XXXX [uuuu uuuu
17h CCP1CON — — DC1B1 DC1BO | CCP1M3 |[CCP1M2| CCP1M1 | CCP1MO |--00 0000 |--00 0000
87h TRISCCP = = = = = TCCP = TTICK |[XxxX X1X1|[xXXX Xx1x1
8Ch PIE1 — ADIE — — — CCP1IE | TMR2IE | TMRI1IE [-0-- -000|-0-- -000
92h PR2 Timer2 Module’s Period Register 1111 1111|1111 1111
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used by PWM and Timer2.
© 1999-2013 Microchip Technology Inc. DS41106C-page 43
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FIGURE 9-1: CONFIGURATION WORD
| cP1 | CPo | oPT [P0 | CPT | CP0 | — | BODEN | CPT | GPO | PWRTE | WDTE | Foscl | Fosco | | Register:CONFIG
bit13 bito | Address2007h

bit 13-8, 5-4: CP1:CPO: Code Protection bits )
Code Protection for 2K Program memory (PIC16C716)
11 = Programming code protection off
10 = 0400h-07FFh code protected
01 = 0200h-07FFh code protected
00 = 0000h-07FFh code protected
bit 13-8, 5-4:
Code Protection for 1K Program memory bits (PIC16C712)
11 = Programming code protection off
10 = Programming code protection off
01 = 0200h-03FFh code-protected
00 = 0000h-03FFh code-protected

bit 7: Unimplemented: Read as ‘1’
bit 6: BODEN: Brown-out Reset Enable bit (1
1 = BOR enabled
0 = BOR disabled
bit 3: PWRTE: Power-up Timer Enable bit (1)
1 = PWRT disabled
0 = PWRT enabled
bit 2: WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled
bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT) regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.
2: All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.
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9.4 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (to a level of 1.5V-2.1V). To take
advantage of the POR, just tie the MCLR pin directly (or
through a resistor) to VDD. This will eliminate external
RC components usually needed to create a Power-on
Reset. A maximum rise time for VDD is specified
(parameter D004). For a slow rise time, see Figure 9-5.

When the device starts normal operation (exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature,...) must be met to ensure
operation. If these conditions are not met, the device
must be held in Reset until the operating conditions are
met. Brown-out Reset may be used to meet the start-
up conditions.
FIGURE 9-5: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW Vbb POWER-UP)

VDD VDD

R1
MCLR

C PIC16C7XX

|

Note 1: External Power-on Reset circuit is
required only if VDD power-up slope is too
slow. The diode D helps discharge the
capacitor quickly when VDD powers down.

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

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

9.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed nominal time-out
(parameter #33), on power-up only, from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in Reset as long as the PWRT is active.
The PWRT’s time delay allows VDD to rise to an
acceptable level. A Configuration bit is provided to
enable/disable the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

9.6 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter #32). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
Sleep.

9.7 Brown-Out Reset (BOR)

The PIC16C712/716 members have on-chip Brown-
out Reset circuitry. A Configuration bit, BODEN, can
disable (if clear/programmed) or enable (if set) the
Brown-out Reset circuitry. If VDD falls below 4.0V, refer
to VBOR parameter DO05(VBOR) for a time greater than
parameter (TBOR) in Table 12-6. The brown-out situa-
tion will reset the chip. A Reset is not guaranteed to
occur if VDD falls below 4.0V for less than parameter
(TBOR).

On any Reset (Power-on, Brown-out, Watchdog, etc.)
the chip will remain in Reset until VDD rises above
VBOR. The Power-up Timer will now be invoked and will
keep the chip in Reset an additional 72 ms.

If VDD drops below VBOR while the Power-up Timer is
running, the chip will go back into a Brown-out Reset
and the Power-up Timer will be re-initialized. Once VDD
rises above VBOR, the Power-Up Timer will execute a
72 ms Reset. The Power-up Timer should always be
enabled when Brown-out Reset is enabled. Figure 9-7
shows typical Brown-out situations.

For operations where the desired brown-out voltage is
other than 4V, an external brown-out circuit must be
used. Figure 9-8, 9-9 and 9-10 show examples of
external brown-out protection circuits.

© 1999-2013 Microchip Technology Inc.
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9.9 Power Control/Status Register
(PCON)

The Power Control/Status Register, PCON has two
bits.

Bit 0 is Brown-out Reset Status bit, BOR. If the BODEN
Configuration bit is set, BOR is ‘1’ on Power-on Reset.

If the BODEN Configuration bit is clear, BOR is
unknown on Power-on Reset.

The BOR Status bit is a “don’t care” and is not neces-
sarily predictable if the brown-out circuit is disabled (the
BODEN Configuration bit is clear). BOR must then be
set by the user and checked on subsequent Resets to
see if it is clear, indicating a brown-out has occurred.

Bit 1 is POR (Power-on Reset Status bit). It is cleared
on a Power-on Reset and unaffected otherwise. The

user must set this bit following a Power-on Reset.

TABLE 9-3: TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration ——— Power-upi Brown-out Wakg—lgg from
PWRTE = 0 PWRTE = 1 P
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 72 ms + 1024Tosc 1024Tosc
RC 72 ms — 72 ms —
TABLE 9-4: STATUS BITS AND THEIR SIGNIFICANCE
POR | BOR | TO | PD
0 X 1 1 | Power-on Reset
0 X 0 x | llegal, TO is set on POR
0 X X 0 | lllegal, PD is set on POR
1 0 1 1 Brown-out Reset
1 1 0 1 | WDT Reset
1 1 0 0 | WDT Wake-up
1 1 u u | MCLR Reset during normal operation
1 1 1 0 | MCLR Reset during Sleep or interrupt wake-up from Sleep
TABLE 9-5: RESET CONDITION FOR SPECIAL REGISTERS
Condition Program STA_TUS PCQN
Counter Register Register
Power-on Reset 000h 0001 1xxx ---- --0x
MCLR Reset during normal operation 000h 000u uuuu ---- --uu
MCLR Reset during Sleep 000h 0001 Ouuu ---- --uu
WDT Reset 000h 0000 luuu ---- --uu
WDT Wake-up PC+1 uuuO Ouuu ---- --uu
Brown-out Reset 000h 0001 1uuu ---- --u0
Interrupt wake-up from Sleep pc + 1M uuul Ouuu ---- --uu
Legend: u = unchanged, x = unknown, — = unimplemented bit read as ‘0’.

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).
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FIGURE 9-11:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
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FIGURE 9-12:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1
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FIGURE 9-13: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
VDD —/
MCLR : /

TPWRT
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When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

9.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will
complete as a NOP. Therefore, the WDT and WDT

FIGURE 9-17:

postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from Sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.

WAKE-UP FROM SLEEP THROUGH INTERRUPT

o1l Q2| @3l qa; Q1l Q21 @3l @4, qil

. . @1l Q2 @3l Q4 Q1l @2l @314, Q1l @2l @31 Q4; Q1l Q2| @3l 4,
OSCIWLWU—LF\T‘““MV_U—LMWWM

H—V‘
Sleep '
INSTRUCTION FLOW !

\ { 1 1 ) X !
CLKOUT(4) \ / \ / \ , TosT(2) / \ \ N/
INT pin ¢ | \ f , X X ! ‘
INTF fla ' ' ' \\ !
(INTCOI%<1>) /i Inter;ﬁpt La;t)ency
I ! X ote
GIE bit ; : —
(INTCON<7>) , Processor in \

Note 1: XT, HS or LP Oscillator mode assumed.

:
. ,
pc X PC X PC+1 X PC+2 Dy PC+2 X PC+2 X 0004h X 0005h
\ i X \ g )
hstruction {: Ins(PC) = Sleep !  Is(PC+1) LonstPC+2) ' Inst(0004h) Inst(0005h)
Instruction [' ! ! ! ! !
executed 1! Inst(PC - 1) . Sleep ! v Inst(PC + 1) . Dummy cycle Dummy cycle Inst(0004h)

2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC Osc mode.
3: GIE =1 assumed. In this case after wake-up, the processor jumps to the interrupt routine. If GIE = 0, execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

9.14 Program Verification/Code
Protection

If the code protection bit(s) have not been
programmed, the on-chip program memory can be
read out for verification purposes.

Note:  Microchip does not recommend code

protecting windowed devices.

9.15

Four memory locations (2000h-2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution, but are read-
able and writable during Program/Verify. It is
recommended that only the 4 Least Significant bits of
the ID location are used.

ID Locations

For ROM devices, these values are submitted along
with the ROM code.

© 1999-2013 Microchip Technology Inc.
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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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FIGURE 12-9: CAPTURE/COMPARE/PWM TIMINGS
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Note: Refer to Figure 12-3 for load conditions.

TABLE 12-6: CAPTURE/COMPARE/PWM REQUIREMENTS

Param | Sym. [Characteristic Min Typt| Max | Units|Conditions
No.
50* TecL |CCP1inputlow  |No Prescaler 05Tcy+20 | — | — | ns
time With Prescaler |Standard 10 — — ns
Extended (LC) 20 — — ns
51* TccH | ccP1 input high  |No Prescaler 0.5Tcy+20 | — — ns
time With Prescaler |Standard 10 — | — ns
Extended (LC) 20 — — ns
52* TceP |ccP1 input period 3Tcy + 40 — — ns |N=prescale value
N (1,4, or 16)
53* TccR |CCP1 output rise time Standard — 10 25 ns
Extended (LC) — 25 45 ns
54* TccF |CCP1 output fall time Standard — 10 25 ns
Extended (LC) — 25 45 ns

*  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.
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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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NOTES:

DS41106C-page 94 © 1999-2013 Microchip Technology Inc.



PIC16C712/716

APPENDIX A: REVISION HISTORY

Version | Date Revision Description

A 2/99 | This is a new data sheet. How-
ever, the devices described in this
data sheet are the upgrades to
the devices found in the
PIC16C6X Data Sheet,
DS30234, and the PIC16C7X
Data Sheet, DS30390.

9/05 | Removed Preliminary Status.

C 1/13 | Added a note to each package
outline drawing.

@

APPENDIX B: CONVERSION
CONSIDERATIONS

There are no previous versions of this device.

APPENDIX C: MIGRATION FROM
BASE-LINE TO
MID-RANGE DEVICES

This section discusses how to migrate from a baseline
device (i.e., PIC16C5X) to a mid-range device (i.e.,
PIC16CXXX).

The following are the list of modifications over the
PIC16C5X microcontroller family:

1. Instruction word length is increased to 14-bits.
This allows larger page sizes both in program
memory (2K now as opposed to 512 before) and
register file (128 bytes now versus 32 bytes
before).

2. A PC high latch register (PCLATH) is added to
handle program memory paging. Bits PA2, PA1,
PAO are removed from STATUS register.

3. Data memory paging is redefined slightly.
STATUS register is modified.

4. Four new instructions have been added:
RETURN, RETFIE, ADDLW and SUBLW
Two instructions TRI S and OPTI ON are being
phased out although they are kept for compati-
bility with PIC16C5X.

5. OPTION_REG and TRIS registers are made
addressable.

6. Interrupt capability is added. Interrupt vector is
at 0004h.

7. Stack size is increased to 8 deep.
Reset vector is changed to 0000h.

9. Reset of all registers is revisited. Five different
Reset (and wake-up) types are recognized.
Registers are reset differently.

10. Wake-up from Sleep through interrupt is added.

©

11. Two separate timers, Oscillator Start-up Timer
(OST) and Power-up Timer (PWRT) are
included for more reliable power-up. These
timers are invoked selectively to avoid unneces-
sary delays on power-up and wake-up.

12. PORTB has weak pull-ups and interrupt on
change feature.

13. TOCKI pin is also a port pin (RA4) now.

14. FSR is made a full eight-bit register.

15. “In-circuit serial programming” is made possible.
The user can program PIC16CXX devices using
only five pins: Vbb, Vss, MCLR/VrpP, RB6 (clock)
and RB7 (data in/out).

16. PCON STATUS register is added with a Power-
on Reset Status bit (POR).

17. Code protection scheme is enhanced such that
portions of the program memory can be
protected, while the remainder is unprotected.

18. Brown-out protection circuitry has been added.
Controlled by Configuration Word bit BODEN.
Brown-out Reset ensures the device is placed in
a Reset condition if Vbp dips below a fixed
setpoint.

To convert code written for PIC16C5X to PIC16CXXX,
the user should take the following steps:

1. Remove any program memory page select
operations (PA2, PA1, PAO bits) for CALL, GOTO.

2. Revisit any computed jump operations (write to
PC or add to PC, etc.) to make sure page bits
are set properly under the new scheme.

3. Eliminate any data memory page switching.
Redefine data variables to reallocate them.

4. Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.

5. Change Reset vector to 0000h.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO:  Technical Publications Manager Total Pages Sent

RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16C712/716 Literature Number: DS41106C

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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