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They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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range of applications.
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PIC16C712/716

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: | Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets (4)
Bank 1
80h INDF( Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 [ 0000 0000
OPTION PTeTeTR
81h REG RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111|1111 1111
82h pcL™M Program Counter’s (PC) Least Significant Byte 0000 0000 [ 0000 0000
83h sTATUS™ IRP(4) ‘ RP1(4) ‘ RPO | TO | PD | z | DC | c rrol 1xxx [rr0g quuu
84h FsrR(M Indirect Data Memory Address Pointer XXXX XXXX [ uuuu uuuu
85h TRISA = ‘ = ‘ —M |PORTA Data Direction Register --x1 1111 |--x1 1111
86h TRISB PORTB Data Direction Register 1111 1111|1111 1111
87h TRISCCP - ‘ —n ‘ —n | -0 | —m | TCCP | —m | TTICK | xxxx x1x1 | xxxx x1x1
88h-89h — Unimplemented — —
8Ah PCLATH(12) — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
8Bh INTCON™ GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
8Ch PIE1 — ADIE — — — CCPlIE | TMR2IE | TMR1IE |-0-- -000 |-0-- -000
8Dh — Unimplemented — —
8Eh PCON — ‘ — ‘ — | — | — | — | POR | BOR ---- --qgq|---- --uu
8Fh-91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111|1111 1111
93h-9Eh — Unimplemented — —
9Fh ADCON1 — ‘ — ‘ — | — | — | PCFG2 | PCFG1 | PCFGO |[---- -000 |---- -000
Legend: x =unknown, u = unchanged, g = value depends on condition, — = unimplemented, read as ‘0’,
Shaded locations are unimplemented, read as ‘0.
Note 1: These registers can be addressed from either bank.
2: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<12:8> whose contents
are transferred to the upper byte of the program counter.
3: Other (non Power-up) Resets include: external Reset through MCLR and the Watchdog Timer Reset.
4: The IRP and RP1 bits are reserved. Always maintain these bits clear.
5:  On any device Reset, these pins are configured as inputs.
6: This is the value that will be in the port output latch.
7: Reserved bits; Do Not Use.
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PIC16C712/716

2.2.2.6 PCON Register Note:

The Power Control (PCON) register contains a flag bit
to allow differentiation between a Power-on Reset
(POR) to an external MCLR Reset or WDT Reset.
These devices contain an additional bit to differentiate
a Brown-out Reset condition from a Power-on Reset
condition.

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 necessarily predictable if the brown-out
circuit is disabled (the BODEN Configura-
tion 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.

FIGURE 2-9: PCON REGISTER (ADDRESS 8Eh)
U-0 U-0 U-0 U-0 U-0 U-0 RW-0  RMW-q
| — | — | — ] — 1 — 1 — ] Por BOR | [R =Readable bit
bit7 bito |W = Writable bit

bit 7-2: Unimplemented: Read as ‘0’

bit 1: POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

bit 0: BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

U = Unimplemented bit,
read as ‘0’
-n = Value at POR Reset

DS41106C-page 18
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FIGURE 3-5: BLOCK DIAGRAM OF RB2/T10SI PIN

VDD
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TRISB<2>
e— D Q
WR TRISB kg
T10SCEN Dc
1
RD PORTB ™~
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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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40 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

* Readable and writable

« Internal or external clock select

» Edge select for external clock

* 8-bit software programmable prescaler

* Interrupt on overflow from FFh to 00h

Figure 4-1 is a simplified block diagram of the Timer0
module.

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

4.1

Timer0 can operate as a timer or as a counter.

Timer0 Operation

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will
increment on every rising or falling edge of pin RA4/
TOCKI. The incrementing edge is determined by the
Timer0  Source Edge Select bit TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the
rising edge. Restrictions on the external clock input are

Additional information on external clock requirements
is available in the PIC® Mid-Range Reference Manual,
(DS33023).

4.2

An 8-bit counter is available as a prescaler for the
Timer0 module or as a postscaler for the Watchdog
Timer, respectively (Figure 4-2). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available, which is mutually exclusively shared
between the Timer0 module and the Watchdog Timer.
Thus, a prescaler assignment for the TimerO module
means that there is no prescaler for the Watchdog
Timer and vice-versa.

Prescaler

The prescaler is not readable or writable.

The PSA and PS2:PSO bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable.

Setting bit PSA will assign the prescaler to the Watch-
dog Timer (WDT). When the prescaler is assigned to
the WDT, prescale values of 1:1, 1:2, ..., 1:128 are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOWWF 1,
BSF 1, x...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the WDT.

discussed below. Note:  Writing to TMRO when the prescaler is
. . . . assigned to TimerO will clear the prescaler
When an e>.<ternal 9Iock input is used fqr TimerO, it must count, but will not change the prescaler
meet certain requirements. The requirements ensure assignment
the external clock can be synchronized with the internal -
phase clock (Tosc). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.
FIGURE 4-1: TIMERO BLOCK DIAGRAM
Data Bus
Fosc/4 0 PSout 8
. 1
Sync with
Dﬁ 1 Internal TMRO
RA4/TOCKI Programmable || o 0% Jpsout
pin Prescaler
ToseM (2-cycle delay)
Is
Set Interrupt
., PS2Psi, pso  psaM Flag bit TOIF
Tocs™ on overflow
Note1l: TOCS, TOSE, PSA, PS2:PS0 (OPTION REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 4-2 for detailed block diagram).

© 1999-2013 Microchip Technology Inc.
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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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8.0 ANALOG-TO-DIGITAL

CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has four
inputs.

The A/D allows conversion of an analog input signal to
a corresponding 8-bit digital number (refer to Applica-
tion Note AN546 for use of A/D Converter). The output
of the sample and hold is the input into the converter,
which generates the result via successive approxima-
tion. The analog reference voltage is software select-
able to either the device’s positive supply voltage (VDD)
or the voltage level on the RA3/AN3/VREF pin.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

Additional information on the A/D module is available in
the PIC® Mid-Range Reference Manual, (DS33023).

The A/D module has three registers. These registers
are:

« A/D Result Register (ADRES)
« A/D Control Register 0 (ADCONO)
» A/D Control Register 1 (ADCONL1)

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off, and any
conversion is aborted.

The ADCONO register, shown in Figure 8-1, controls
the operation of the A/D module. The ADCON1 regis-
ter, shown in Figure 8-2, configures the functions of the
port pins. The port pins can be configured as analog
inputs (RA3 can also be a voltage reference) or as
digital I/O.

FIGURE 8-1: ADCONO REGISTER (ADDRESS 1Fh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0
| ADcs1 | ADCS0| CcHS2 | cHS1 | cHSO |GO/DONE| — | ADON | [R =Readable bit
bit7 pito | W = Writable bit
U =Unimplemented bit,
read as ‘0’
-n = Value at POR Reset
bit 7-6: ADCS1:ADCSO0: A/D Conversion Clock Select bits
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32

bit 5-3: CHS2:CHSO0: Analog Channel Select bits
000 = channel 0, (RA0/ANO)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)

1xx = reserved, do not use

bit 2: GO/DONE: A/D Conversion Status bit
If ADON =1
conversion is complete)

bit 1: Unimplemented: Read as ‘0’

bit O: ADON: A/D On bit

1 = A/D converter module is operating

11 = FRc (clock derived from the internal ADC RC oscillator)

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (This bit is automatically cleared by hardware when the A/D

0 = A/D converter module is shutoff and consumes no operating current

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

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

FIGURE 8-4: ANALOG INPUT MODEL

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

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

VDD

Sampling
Switch

Ric<ik +SS Rss:

______ VT =06V
Rs 1 ANX

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

Ric = interconnect resistance 2V

SS = sampling switch

CHoOLD = sample/hold capacitance (from DAC)

567891011

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

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

FIGURE 9-7: BROWN-OUT SITUATIONS
VDD
_____________v _________________ VBOR
et
Internal [ =———
Reset 72ms
VDD
______________\_f:\f _____________ VBOR
/! ! |
| ! |
Internal | <72ms o—5——__
Reset 72ms
VDD
_____ \_____________f_____________ VBOR
| |
I I
Internal F—’l—
Reset 72ms
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FIGURE 9-11:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRT

= ToST-»

FIGURE 9-12:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

/

TPWRT

1<—TOSF—>

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

OST TIME-OUT
INTERNAL RESET |
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.
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11.11 PICSTART Plus Development
Programmer

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

11.12 Demonstration, Development and
Evaluation Boards

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

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

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

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

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

DS41106C-page 74 © 1999-2013 Microchip Technology Inc.



PIC16C712/716

12.4.2 TIMING CONDITIONS

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

TABLE 12-1: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

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

-40°C <TA< +85°C forindustrial

-40°C < TA< +125°C for extended

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

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

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

15 pF for OSC2 output
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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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NOTES:
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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