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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

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

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

Errata

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

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

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

» Your local Microchip sales office (see last page)

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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NOTES:
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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.

DS41106C-page 10 © 1999-2013 Microchip Technology Inc.
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25 Indirect Addressing, INDF and EXAMPLE 2-2: HOW TO CLEAR RAM
FSR Registers USING INDIRECT
. . . . . ADDRESSING
The INDF register is not a physical register. Addressing
INDF actually addresses the register whose address is MOVLW 0x20 ;initialize pointer
contained in the FSR register (FSR is a pointer). This is MWW FSR  ; to RAM
indirect addressing. NEXT CLRF INDF ;clear |INDF register
I NCF FSR ;inc pointer
BTFSS FSR 4 ;all done?
EXAMPLE 2-1: INDIRECT ADDRESSING GOTO NEXT :NO, clear next
 Register file 05 contains the value 10h CONTI NUE . .
« Register file 06 contains the value 0Ah + YES, continue
» Load the value 05 into the FSR register
» Aread of the INDF register will return the value of
10h An effective 9-bit address is obtained by concatenating
 Increment the value of the FSR register by one the 8-bit FSR register and the IRP bit (STATUS<7>), as
(FSR = 06) shown in Figure 2-10. However, IRP is not used in the
« Aread of the INDR register now will return the PIC16C712/716.
value of 0Ah.
Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no-operation (although Status bits may be affected).
A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.
FIGURE 2-10: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 IRP 7 FSR register 0
@ [ [[[T[]] @ [ [[[I[]]
- v ) - N J

A\
bank select location select

10 1 </

» 00 01
00h 80h 100h 180h

Data 3 3)
Memory(1)

bank select location select
N

A

7Fh FFh 17Fh 1FFh
Bank O Bank1 Bank?2 Bank 3

Note 1: For register file map detail see Figure 2-3.
2: Maintain clear for upward compatibility with future products.
3: Not implemented.
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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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5.3 Timerl Oscillator

A crystal oscillator circuit is built in between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TLOSCEN (T1CON<3>). The oscilla-
tor is a low-power oscillator rated up to 200 kHz. It will
continue to run during Sleep. It is primarily intended for
a 32 kHz crystal. Table 5-2 shows the capacitor
selection for the Timerl oscillator.

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 5-2: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq. C1 Cc2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.
Note 1: Higher capacitance increases the stability of
oscillator but also increases the start-up
time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for
appropriate values of external components.

5.4

The TMR1 Register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMRL1 interrupt, if enabled, is generated on overflow
which is latched in interrupt flag bit TMR1IF (PIR1<0>).
This interrupt can be enabled/disabled by setting/clear-
ing TMR1 interrupt enable bit TMR1IE (PIE1<0>).

Timerl Interrupt

5.5 Resetting Timerl using a CCP

Trigger Output

If the CCP module is configured in Compare mode to
generate a “Special Event Trigger” (CCP1M3:CCP1MO
=1011), this signal will reset Timerl and start an A/D
conversion (if the A/D module is enabled).

Note: The Special Event Triggers from the
CCP1 module will not set interrupt flag bit

TMRL1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this reset operation may not work.

In the event that a write to Timerl coincides with a
Special Event Trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPR1H:CCPR1L
registers pair effectively becomes the period register
for Timerl.

TABLE 5-3: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on Value on
Address | Name Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR Resets
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
8Ch PIE1 — |ADIE — — — CCP1IE | TMR2IE | TMR1IE |-0-- -000|-0-- -000
OEh TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
10h T1CON — | — |T1CKPS1 |T1CKPSO | T10SCEN | TISYNC | TMR1CS | TMR1ON | --00 0000 | --uu uuuu
07h DATACC | — | — — — — DCCP — DTICK |---- -X-X|---- -U-U
P

87h TRISCCP | — | — — — — TCCP — TTiCK |---- -1-1|---- -1-1
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used by the Timerl module.

DS41106C-page 34
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7.2

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RB3/CCP1 pin is
either:

Compare Mode

* driven High

* driven Low

« remains Unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 7-4: COMPARE MODE
OPERATION BLOCK

DIAGRAM

Special Event Trigger will:

Reset Timerl, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCONO0<2>)

which starts an A/D conversion

Special Event Trigger

Set flag bit CCP1IF

(PIR1<2>)
CCPR1H| CCPR1L
TMR1H | TMRI1L

Output

RB3/CCP1 R || Logic
Pin )

TRISCCP<2>
Output Enable

match

CCP1CON<3:0>
Mode Select

7.2.1 CCP PIN CONFIGURATION

The user must configure the RB3/CCP1 pin as the CCP
output by clearing the TRISCCP<2> bit.

Note:  Clearing the CCP1CON register will force
the RB3/CCP1 compare output latch to
the default low level. This is neither the

PORTB I/O data latch nor the DATACCP

latch.

7.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

7.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

7.2.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
which may be used to initiate an action.

The Special Event Trigger output of CCP1 resets the
TMRL1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The Special Event Trigger output of CCP1 also starts
an A/D conversion (if the A/D module is enabled).

Note:  The Special Event Trigger from the CCP1
module will not set interrupt flag bit

TMRL1IF (PIR1<0>).

TABLE 7-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1

Value on Value on
Address [Name Bit7 | Bit6 Bit 5 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
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
10h T1CON — | — [rickps1|T1cKPSO0|T10SCEN|TTSYNG [TMR1CS [TMRION]- - 00 0000 |- -uu uuuu
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| — — |DCiB1 (DC1BO |CCP1M3 |CCP1M2|CCP1M1 [CCP1MO |--00 0000 |--00 0000
87h TRISCCP — — — — — TCCP — TTICK [xxxX X1x1|xXXxX X1x1
8Ch PIE1 — ADIE — — — CCP1IE | TMR2IE | TMRLIIE [-0-- -000(-0-- -000
Legend: x = unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used by Capture and Timer1.

© 1999-2013 Microchip Technology Inc.
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9.0 SPECIAL FEATURES OF THE
CPU

The PIC16C712/716 devices have a host of features
intended to maximize system reliability, minimize cost
through elimination of external components, provide
power-saving operating modes and offer code
protection. These are:
* OSC Selection
* Reset:

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
* Interrupts
« Watchdog Timer (WDT)
» Sleep
» Code protection
« ID locations
« In-Circuit Serial Programming™ (ICSP™)

These devices have a Watchdog Timer, which can be
shut off only through Configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in Reset until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which
provides a fixed delay on power-up only and is
designed to keep the part in Reset while the power
supply stabilizes. With these two timers on-chip, most
applications need no external Reset circuitry.

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

Additional information on special features is available
in the PIC® Mid-Range Reference Manual, (DS33023).

9.1 Configuration Bits

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

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to
the special test/configuration memory space
(2000h-3FFFh), which can be accessed only during
programming.

© 1999-2013 Microchip Technology Inc.
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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.

DS41106C-page 52 © 1999-2013 Microchip Technology Inc.
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FIGURE 9-10: EXTERNAL BROWN-OUT

PROTECTION CIRCUIT 3

FIGURE 9-8: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1
VDD . Y VDD
33k J
01
10k MCLR
A 40k PIC16C7XX

Note 1: This circuit will activate Reset when
VDD goes below (Vz + 0.7V) where
Vz = Zener voltage.
2: Internal Brown-out Reset circuitry
should be disabled when using this

VDD

MCP809 VDD
bypass
Vss capacitor

e T

RST

MCLR

PIC16C7XX

This brown-out protection circuit employs
Microchip Technology’s MCP809 microcontroller
supervisor. The MCP8XX and MCP1XX families
of supervisors provide push-pull and open
collector outputs with both high and low active
Reset pins. There are 7 different trip point
selections to accommodate 5V and 3V systems

circuit.
FIGURE 9-9: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 2
VDD - . VDD
R1 J
Q1
MCLR
R2
40K 151c16c7xx

Note 1: This brown-out circuit is less expensive,
albeit less accurate. Transistor Q1 turns
off when VDD is below a certain level
such that:

R1

-_ =07V
VDD X RITR2

2: Internal Brown-out Reset should be
disabled when using this circuit.

3: Resistors should be adjusted for the
characteristics of the transistor.

9.8 Time-out Sequence

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked after the POR time delay has
expired. Then OST is activated. The total time-out will
vary based on oscillator configuration and the status of
the PWRT. For example, in RC mode with the PWRT
disabled, there will be no time-out at all. Figure 9-11,
Figure 9-12, and Figure 9-13 depict time-out
sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 9-13). This is useful for testing purposes or to
synchronize more than one PIC16CXXX device
operating in parallel.

Table 9-5 shows the Reset conditions for some Special
Function Registers, while Table 9-6 shows the Reset
conditions for all the registers.

© 1999-2013 Microchip Technology Inc.
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9.12 Watchdog Timer (WDT)

The Watchdog Timer is as a free running, on-chip, RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT
will run, even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins of the device have been stopped,
for example, by execution of a SLEEP instruction.

During normal operation, a WDT Time-out generates a
device Reset (Watchdog Timer Reset). If the device is
in Sleep mode, a WDT Time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the STATUS regis-
ter will be cleared upon a Watchdog Timer Time-out.

The WDT can be permanently disabled by clearing
Configuration bit WDTE (Section 9.1 “Configuration
Bits”).

FIGURE 9-15:

WDT time-out period values may be found in the
Electrical Specifications section under TwDT (parame-
ter #31). Values for the WDT prescaler (actually a
postscaler, but shared with the Timer0 prescaler) may
be assigned using the OPTION_REG register.

The CLRWDT and SLEEP instructions clear
the WDT and the postscaler, if assigned to
the WDT, and prevent it from timing out
and generating a device Reset condition.

Note:

Note: ~ When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but the

prescaler assignment is not changed.

WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source

(Figure 4-2)
[ o
1™ > Postscaler
WDT Timer U
X { 8
% f 8-to-1 MUX <&— PS2:PSO
WDT PSA
Enable Bit
&——» To TMRO (Figure 4-2)
0 * | A
MUX -«— PSA
. . L . WDT
Note: PSA and PS2:PS0 are bits in the OPTION_REG register. Time-out

FIGURE 9-16: SUMMARY OF WATCHDOG TIMER REGISTERS

Address | Name Bits 13:8 Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
2007h | Config. bits (1) — | BopeN® | CP1 | CPO | PWRTE™ | WDTE | FOSC1 | FOSCO
81h OPTION_REG N/A RBPU | INTEDG |TOCS |TOSE| PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.

Note 1: See Figure 9-1 for operation of these bits.

© 1999-2013 Microchip Technology Inc.
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12.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings ()

Ambient temperature UNAEr DIBS.........cooiiiii it -55°C to +125°C
SEOrage tEMPEIALUIE ......oi it e et e e e e e s e e e e e e sa e e e e e e e s st e e e s s sen e e e e e s e nreeeeeesnnnneeens -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4) .........cccceveveueveveeeeeenen -0.3V to (VDD + 0.3V)
Voltage 0N VDD With FTESPECE 10 VSS ....ciiuiiiiiiiiiiiiiiee ittt ettt et et e et e s e s snbe e e anbee e nnns -0.3V to +7.5V
Voltage on MCLR with reSpect t0 VSS (NOLE 2) .....eiiiiiiiiiieeiiiee ettt st et 0V to +13.25V
Voltage 0N RAZ With TESPECT T0 VSS .. .eiiiiiiiiiiiie ittt ettt ettt sttt e bbbt e sebe e e s bbe e s enee s sabeeeabeeeeaes 0V to +8.5V
Total power dissipation (Note 1) (PDIP @Nnd SOIC) ........ooiiiiiiiiieeiie ettt e e e e 1.0w
Total power dissipation (NOLE 1) (SSOP) .....cciiiiiiiieee ittt e et s et e s r e e e atr e e saneeeanreesanneeenane 0.65W
Maximum current out of VSS pin

Maximum current into VDD PiN ........cooovernnieieiiieennieeenes

Input clamp current, K (V1 < 0 OF VI VDD) ..ottt ettt ssse st ese s st s st s e sesesessesesesessssesesasensens +20 mA
Output clamp current, IOK (VO < 0 0F VO 3 VDD) ....cuiiiiiiiiiieieiiieeieie ettt ettt sesesessesesesasesseseseseesesesesssesesesesesesas +20 mA
Maximum output current SUNK DY @ny 1/O PIN.......c.eeiiiiiiee et 25 mA
Maximum output current Sourced BY any 1/O PN .........eeiiiiieiiiee e 25 mA
Maximum current sunk by PORTA and PORTB (COMDINEA)..........ccuviiiiieiiiiiiiieeei e 200 mA
Maximum current sourced by PORTA and PORTB (COMbBINE) .......cocooiiiiiiiiiiiiiiiice e 200 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ I0H} + X {(VDD-VOH) x loH} + >(Vol x loL)

2: Voltage spikes below Vss at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100Q2 should be used when applying a “low” level to the MCLR/VPP pin rather
than pulling this pin directly to Vss.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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12.1

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

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

Standard Operating Conditions (unless otherwise stated)

Operating temperature 0°C <TA< +70°C for commercial
DC CHARACTERISTICS -40°C <TA< +85°C for industrial
-40°C <TA<  +125°C for extended
Param | Sym. Characteristic Min. | Typt | Max. | Units Conditions
No.
D001 VDD Supply Voltage 4.0 — 55 V [ XT, RC and LP osc mode
DOO1A 45 — 5.5 \ HS osc mode
VBOR* | — | 55 V | BOR enabled”
D002* | VDR RAM Data Retention Voltage(") — 15 — v
D003 VPOR | VDD Start Voltage to ensure inter- — Vss — V | See section on Power-on Reset for details
nal Power-on Reset signal
D004* SvDD | VDD Rise Rate to ensure internal 0.05 — — Vims | PWRT enabled (PWRTE bit clear)
DO04A* Power-on Reset signal TBD — — PWRT disabled (PWRTE bit set)
See section on Power-on Reset for details
D005 VBOR | Brown-out Reset 3.65 — 4.35 \% BODEN bit set
voltage trip point
D010 IDD Supply Current(5) — 0.8 25 mA | Fosc =4 MHz, VbD = 4.0V
D013 — 4.0 8.0 mA | Fosc =20 MHz, VDD = 4.0V
D020 IPD Power-down Current(®:5) — 10.5 42 pA | VDD = 4.0V, WDT enabled,-40°C to +85°C
— 15 16 pA | VDD = 4.0V, WDT disabled, 0°C to +70°C
D021 — 15 19 pA | VDD = 4.0V, WDT disabled,-40°C to +85°C
D021B — 25 19 pA | VDD = 4.0V, WDT disabled,-40°C to +125°C
Module Differential Current(®
D022* | AIWDT | watchdog Timer — 6.0 20 pA | WDTE bit set, VDD = 4.0V
D022A* | AIBOR | Brown-out Reset — TBD | 200 uA | BODEN bit set, VbD = 5.0V
1A Fosc LP Oscillator Operating Frequency 0 — 200 KHz | All temperatures
RC Oscillator Operating Frequency 0 — 4 MHz | All temperatures
XT Oscillator Operating Frequency 0 — 4 MHz | All temperatures
HS Oscillator Operating Frequency 0 — 20 MHz | All temperatures
*  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.
Note1: This is the limit to which VDD can be lowered without losing RAM data.

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

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

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

4: For RC Osc mode, current through REXT is not included. The current through the resistor can be estimated by the formula
Ir = VDD/2REXT (MA) with REXT in kOhm.

5: Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from characterization and is for
design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be added to the base
IDD or IPD measurement.

7: This is the voltage where the device enters the Brown-out Reset. When BOR is enabled, the device will operate correctly to

this trip point.
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12.2 DC Characteristics: PIC16LC712/716-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)

DC CHARACTERISTICS Operating temperature 0°C <TA< +70°C for commercial
-40°C <TA< +85°C for industrial
Param | Sym. Characteristic Min. | Typt | Max. | Units Conditions
No.
D001 VDD Supply Voltage 25 — 5.5 Vv
VBOR* — 55 Vv BOR enabled (Note 7)
D002* |VDR | RAM Data Retention Voltage(") — 15 — \
D003 VPOR | VDD Start Voltage to ensure inter- — Vss — \% See section on Power-on Reset for details
nal Power-on Reset signal
D004* SvDD | VDD Rise Rate to ensure internal 0.05 — — Vims | PWRT enabled (PWRTE bit clear)
DO04A* Power-on Reset signal TBD — — PWRT disabled (PWRTE bit set)
See section on Power-on Reset for details
D005 VBOR |Brown-out Reset 3.65 — 4.35 \Y BODEN bit set
voltage trip point
D010 IDD Supply Current(®9) — 2.0 3.8 mA | XT, RC osc modes
Fosc = 4 MHz, VDD = 3.0V (Note 4)
DO10A — 225 48 pA [ LP osc mode
Fosc = 32 kHz, VbD = 3.0V, WDT disabled
D020 IPD Power-down Current(3-5) — 7.5 30 pA | VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 — 0.9 5 pA | VDD = 3.0V, WDT disabled, 0°C to +70°C
D021A — 0.9 5 pA | VDD = 3.0V, WDT disabled, -40°C to +85°C
Module Differential Current(®
D022* AWDT | Watchdog Timer — 6.0 20 pA | WDTE bit set, VDD = 4.0V
D022A* | AIBOR | Brown-out Reset — TBD | 200 pA | BODEN bit set, VDD = 5.0V
1A Fosc | LP Oscillator Operating Frequency 0 — 200 KHz | All temperatures
RC Oscillator Operating Frequency 0 — 4 MHz | All temperatures
XT Oscillator Operating Frequency 0 — 4 MHz | All temperatures
HS Oscillator Operating Frequency 0 — 20 MHz | All temperatures

*  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.
Note1: This is the limit to which VDD can be lowered without losing RAM data.

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

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

3: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with the
part in Sleep mode, with all /0O pins in high-impedance state and tied to VDD and Vss.

4: For RC Osc mode, current through ReXT is not included. The current through the resistor can be estimated by the formula
Ir = VDD/2REXT (MA) with REXT in kOhm.

5: Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from characterization and is
for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be added to the base
IDD or IPD measurement.

7: This is the voltage where the device enters the Brown-out Reset. When BOR is enabled, the device will operate correctly to
this trip point.
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12.3

DC Characteristics: PIC16C712/716-04 (Commercial, Industrial, Extended)
PIC16C712716-20 (Commercial, Industrial, Extended)
PIC16LC712/716-04 (Commercial, Industrial)

DC CHARACTERISTICS

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

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.
Input Low Voltage
ViIL 1/0O ports

D030 with TTL buffer Vss — 0.8v V |45V <VDD<5.5V
DO30A Vss — | 0.15VpD| V |otherwise
D031 with Schmitt Trigger buffer | Vss — 0.2VDD \%
D032 MCLR, OSC1 (in RC mode) Vss — | 0.2VbD Y,
D033 OSC1 (in XT, HS and LP Vss — | 0.3VbD V  [(Note 1)

modes)

Input High Voltage

VIH 1/O ports —
D040 with TTL buffer 2.0 — VDD V |45V <VDD<5.5V
DO40A 0.25VDD| — VDD V |otherwise
+0.8V

D041 with Schmitt Trigger buffer| 0.8VDD | — VDD V |For entire VDD range
D042 MCLR 08Vpbp | — VDD \Y,
DO042A OSC1 (XT, HS and LP modes)| 0.7VDD | — VDD V |(Note 1)
D043 OSCl1 (in RC mode) 09VDD | — VDD \%

Input Leakage Current

(Notes 2, 3)
D060 |liL 1/O ports — — +1 pA |Vss < VPIN < VDD,

Pin at high-impedance
D061 MCLR, RA4/TOCKI — — +5 pA |Vss <VPIN < VDD
D063 OscC1 — — 5 pA |Vss <VPIN < VDD,
XT, HS and LP osc modes
D070 |lPurB |PORTB weak pull-up current 50 250 400 pA |VDD =5V, VPIN = Vss
* 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

Note 1:

and are not tested.
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.

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.
Negative current is defined as current sourced by the pin.
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12.4.3 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 12-4: EXTERNAL CLOCK TIMING
: @ . Q- @2 . Q@ I Qo Qi
osc1 . I :
CLKOUT

TABLE 12-2: EXTERNAL CLOCK TIMING REQUIREMENTS

Param | Sym. |Characteristic Min. | Typt Max. Units | Conditions
No.
1A Fosc External CLKIN Frequency DC — 4 MHz | RC and XT osc modes
(Note 1) DC — 4 MHz | HS osc mode (-04)
DC — 20 MHz [ HS osc mode (-20)
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 20 MHz |HS osc mode
5 — 200 kHz |LP osc mode
1 Tosc External CLKIN Period 250 — — ns | RC and XT osc modes
(Note 1) 250 — — ns |HS osc mode (-04)
50 — — ns |HS osc mode (-20)
5 — — us | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 ns | XT osc mode
250 — 250 ns |HS osc mode (-04)
50 — 250 ns |HS osc mode (-20)
5 — — pus | LP osc mode
2 Tcy Instruction Cycle Time (Note 1) 200 — DC ns | Tcy =4/Fosc
3* TosL, External Clock in (OSC1) High or 100 — — ns | XT oscillator
TosH |Low Time 25 — — us | LP oscillator
15 — — ns | HS oscillator
4* TosR, |External Clock in (OSC1) Rise or — — 25 ns | XT oscillator
Tosk | Fall Time — — 50 ns | LP oscillator
— — 15 ns | HS oscillator

* 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.

Notel: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with the
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or
higher than expected current consumption. All devices are tested to operate at “min.” values with an external
clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the “Max.” cycle time limit is “DC” (no clock) for all devices.
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FIGURE 12-10: A/D CONVERSION TIMING
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Notel: If the A/D clock source is selected as RC, a time of TCy is added before the A/D clock starts. This
allows the SLEEP instruction to be executed.

TABLE 12-8: A/D CONVERSION REQUIREMENTS

Param | Sym. | Characteristic Min. Typt Max. | Units Conditions

No.

130 | Tab |A/D clock period Standard 1.6 — — us | Tosc based, VREF > 3.0V
Extended (LC) 2.0 — — us | Tosc based, VREF full range
Standard 2.0 4.0 6.0 us | A/D RC Mode
Extended (LC) 3.0 6.0 9.0 us | A/D RC Mode

131 | Tenv | Conversion time (notincluding S/H time) 11 — 11 TAD

(Note 1)
132 | TAcQ | Acquisition time (Note 2) 20 — us
5* — — pus | The minimum time is the amplifier

settling time. This may be used if
the “new” input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 TGO | Q4 to A/D clock start — Tosc/2 § — — | Ifthe A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert /£ sample time 158§ — — TAD

* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
§ This specification ensured by design.
Note 1: ADRES register may be read on the following TcY cycle.
2: See Section 9.1 “Configuration Bits” for min. conditions.
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NOTES:
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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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