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PIC16C712/716

2224 PIE1 Register Note:  Bit PEIE (INTCON<6>) must be set to

This register contains the individual enable bits for the enable any peripheral interrupt.

peripheral interrupts.

FIGURE 2-7: PIE1 REGISTER (ADDRESS 8Ch)
U0 RW-0 U0 U0 RMW-0 RMW-O RMW-O RM-0
| — Jae | — [ — | = ] ccriE | TMR2EE | TMRIIE | [R =Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

-n = Value at POR Reset

bit 7: Unimplemented: Read as ‘0’

bit 6: ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit 5-3: Unimplemented: Read as ‘0’

bit 2:  CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1: TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0: TMRI1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt
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3.0 /O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on I/O ports may be found in the
PIC® Mid-Range Reference Manual, (DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 5-bit wide bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input, (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output, (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified, and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

PORTA pins, RA3:0, are multiplexed with analog
inputs and analog VREF input. The operation of each
pin is selected by clearing/setting the control bits in the
ADCONLI register (A/D Control Registerl).

Note: On a Power-on Reset, these pins are
configured as analog inputs and read as

‘0.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO
CLRF PORTA ; Initialize PORTA by

; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1

MOVLW  OxEF ; Value used to
; initialize data
; direction
MOWFF  TRI SA ; Set RA<3:0> as inputg

RA<4> as out puts

BCF STATUS, RPO Return to Bank O

© 1999-2013 Microchip Technology Inc.
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide bidirectional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input, (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output,
(i.e., put the contents of the output latch on the selected

pin).

EXAMPLE 3-2: INITIALIZING PORTB
BCF STATUS, RPO ;
CLRF  PORTB Initialize PORTB by

; clearing output
; data | atches

BSF STATUS, RPO Sel ect Bank 1

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

MOVLW  OxCF Val ue used to
; initialize data
; direction
MOV TRI SB Set RB<3: 0> as inputg
; RB<5:4> as outputs
; RB<7:6> as inputs
FIGURE 3-3: BLOCK DIAGRAM OF RBO PIN
Voo
RBPU(") H weak VDD
—9 B
DATA BUS Data Latch
D Q
WR PORT 1o
CK—L pin
TRIS Latch
b Q T v Vss
Input
WR TRIS CK _\_ Buffer
q
RD TRIS
/I D
RD PORT EN k
RBO/INT <II
Schmitt Trigger ‘ RD PORT
Buffer
Note 1:  To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

DS41106C-page 24
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NOTES:
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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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The ADRES register contains the result of the A/D
conversion. When the A/D conversion is complete, the
resultis loaded into the ADRES register, the GO/DONE
bit (ADCONO0<2>) is cleared and the A/D Interrupt Flag
bit ADIF is set. The block diagram of the A/D module is
shown in Figure 8-3.

The value that is in the ADRES register is not modified
for a Power-on Reset. The ADRES register will contain
unknown data after a Power-on Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 8.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. The following steps should be followed for
doing an A/D conversion:

FIGURE 8-3: A/D BLOCK DIAGRAM

Configure the A/D module:

« Configure analog pins/voltage reference/
and digital I/0 (ADCON1)

» Select A/D input channel (ADCONO)

« Select A/D conversion clock (ADCONO)

e Turn on A/D module (ADCONO)
Configure A/D interrupt (if desired):

e Clear ADIF bit

+ Set ADIE bit

* Set GIE bit

Wait the required acquisition time.

Start conversion:

¢ Set GO/DONE bit (ADCONO)

Wait for A/D conversion to complete, by either:
* Polling for the GO/DONE bit to be cleared
OR

» Waiting for the A/D interrupt

Read A/D Result register (ADRES), clear bit
ADIF if required.

For the next conversion, go to step 1 or step 2
as required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2TAD is
required before next acquisition starts.

VIN

CHS2:CHSO

S T

(Input voltage)

A/ID
Converter

VREF !

100 or

110 or111

’—|X| RA3/AN3/VREF
—|X| RA2/AN2
\_ 001 .
T 4|X| RA1/AN1

RAO/ANO

(Reference X o
voltage) - H [ o

PCFG2:PCFGO

001 or
011 or
101

© 1999-2013 Microchip Technology Inc.
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8.4 A/D Conversions
Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.
8.5 Use of the CCP Trigger

An A/D conversion can be started by the “Special Event
Trigger” of the CCP1 module. This requires that the
CCP1M3:CCP1IMO  bhits (CCP1CON<3:0>) be
programmed as 1011 and that the A/D module is
enabled (ADON bit is set). When the trigger occurs, the

GO/DONE bit will be set, starting the A/D conversion,
and the Timerl counter will be reset to zero. Timerl is
reset to automatically repeat the A/D acquisition period
with minimal software overhead (moving the ADRES to
the desired location). The appropriate analog input
channel must be selected and the minimum acquisition
done before the “Special Event Trigger” sets the GO/
DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared),
then the “Special Event Trigger” will be ignored by the
A/D module, but will still reset the Timerl counter.

TABLE 8-2: SUMMARY OF A/D REGISTERS
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other Resets
BOR
05h PORTA — — —O RA4 RA3 RA2 RAL RAQ |- - XX XXXX| --XU uuuu
0Bh,8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
och PIR1 — ADIF — — — CCP1lIF | TMR2IF | TMR1IF |-0-- -000| -0-- -000
1Eh ADRES | A/D Result Register XXXX XXXX | uuuu uuuu
1Fh ADCONO | ADCS1 |ADCS0O| CHS2 | CHS1 | CHSO ‘ GO/DONE ‘ — | ADON | 0000 00-0| 0000 00-0
85h TRISA — — —® | PORTA Data Direction Register ---1 1111} ---1 1111
8Ch PIE1 _ ADIE — — — CCPlIE | TMR2IE | TMRL1IE [-0-- -000 | -0-- 0000
9Fh ADCON1 — — — — — PCFG2 | PCFG1 | PCFGO |---- -000| ---- -000
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: Reserved bits; Do Not Use.

DS41106C-page 50
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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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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.

DS41106C-page 64
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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.

DS41106C-page 65



PIC16C712/716

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.

DS41106C-page 72
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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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FIGURE 12-1: PIC16C712/716 VOLTAGE-FREQUENCY GRAPH, -40°C < TA < +125°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 12-2: PIC16LC712/716 VOLTAGE-FREQUENCY GRAPH, 0°C £ TA £ +70°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
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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.

© 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

DS41106C-page 80 © 1999-2013 Microchip Technology Inc.



PIC16C712/716

13.2 Package Details

The following sections give the technical details of the
packages.

18-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

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

"
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eB
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 18 18

Pitch P .100 2.54

Top to Seating Plane A .140 .155 .170 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 .145 2.92 3.30 3.68
Base to Seating Plane Al .015 0.38

Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Molded Package Width E1l .240 .250 .260 6.10 6.35 6.60
Overall Length D .890 .898 .905 22.61 22.80 22.99
Tip to Seating Plane L 125 .130 .135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .310 .370 430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-001

Drawing No. C04-007
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18-Lead Ceramic Dual In-line with Window (JW) — 300 mil (CERDIP)

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

[reett—— E ] —— ]
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|t—— F —— &

A2

B
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 18 18

Pitch p .100 2.54

Top to Seating Plane A .170 .183 .195 4.32 4.64 4.95
Ceramic Package Height A2 .155 .160 .165 3.94 4.06 4.19
Standoff Al .015 .023 .030 0.38 0.57 0.76
Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Ceramic Pkg. Width E1l .285 .290 .295 7.24 7.37 7.49
Overall Length D .880 .900 .920 22.35 22.86 23.37
Tip to Seating Plane L .125 .138 .150 3.18 3.49 3.81
Lead Thickness c .008 .010 .012 0.20 0.25 0.30
Upper Lead Width Bl .050 .055 .060 1.27 1.40 1.52
Lower Lead Width B .016 .019 .021 0.41 0.47 0.53
Overall Row Spacing § eB .345 .385 425 8.76 9.78 10.80
Window Width w1 .130 .140 .150 3.30 3.56 3.81
Window Length W2 .190 .200 .210 4.83 5.08 5.33

* Controlling Parameter

§ Significant Characteristic
JEDEC Equivalent: MO-036
Drawing No. C04-010
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NOTES:
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MCLR Reset, SIEEP ...cocvvvviiiiiie e 54, 58
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TOCS Bil..oeeeiiiiiiiiiic e 14, 29
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X s 53, 58
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DetalS. ..ot
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PCON REQISIEN ....oeiiiiiieiiiieee e

@ Bit. .o

POR Bit.....ooooiiiiiiiiiiiciccc
PICSTART Plus Development Programmer
PIEL REQISIEr...cuviiiiiiiiciiceiie e

ADIE Bit oo

CCPLIE Bt ..o

TMRILIE Bit oo

TMR2IE Bit .o

Pin Functions
MCLR/VPP ....

RAO/ANO.... .. 6
RAL/ANL.....oooiiiei e 6
RAZ2/ANZ.......ieeeeee e en 6
RAB/ANSB/VREF.....cicciiiiiiiieieeseiesiiieeeaesssiiieeeeeeesssnenes 6
RAAITOCKI .ottt 6
RBO/INT........ e 7

RBL1... .7
RB2... .7
RB3 . 7
RBA ..o 7
RB5 ... 7
RBB ...ttt 7
RB7 e 7
VDD ottt 7
WSS it 7
Pinout Descriptions
PIC16C712/716 Pinout Description ...........cccocvveeeneeen. 6
PIRL REJISEN .....eiiiiiiiiiiiieiiie it 11, 17
ADIF Bil ..o 17
CCPLIF Bituoooiiiciiiciiiiice e 17
TMRLIF Bit..eoiiiieiiicicccceee e 17
TMR2IF Bit ... .17
Pointer, FSR ... 20
POR. See Power-on Reset
PORTA
Initialization ... 21
PORTA REQIStEr ...cuviiiiiiiiiciiiiieicee e 11,21
RA3:RAQD POrt PiNS ..o 21
RAAITOCKI PiN ..o 22
TRISA REGIStEI ... 12,21
PORTB
Block Diagram of RB1/T1OSO/T1CKI Pin
Block Diagram of RB2/T10SI Pin................. .
Block Diagram of RB3/CCP1 Pin .......ccccccovveeviieeennne.
Initialization ...........cccooviiiiiii
PORTB RegiSter.......ccccvecuieiiiiiiniiiiie e
Pull-up Enable (RBPU Bit).........cccoeiiiniiniieiiciieene

RBO/INT Edge Select (INTEDG Bit)
RBO/INT Pin, External...
RB3:RBO Port Pins................ .
RB7:RB4 Interrupt-on-Change ..........cccceecvveeenieerennnns
RB7:RB4 Interrupt-on-Change Enable (RBIE Bit) 15, 62
RB7:RB4 Interrupt-on-Change Flag

(RBIF Bit) .c.veeeeerieeeeie s 15, 24, 62
RB7:RB4 POrt PiNS ....ccoiiieiiiiiee e 26
TRISB REGIStEr .....vviiiiiiiiiiiiiciiieee e 12, 23
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