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PIC16C712/716

2.2 Data Memory Organization FIGURE 2-3: REGISTER FILE MAP
The data memory is partitioned into multiple banks File File
which contain the General Purpose Registers and the Address Address
Special Function Registers. Bits RP1 and RPO are the 00h INDEM INDEM 80h
bank select bits. oth|  TMRO | OPTION_REG | 81h
m (STATUS<6:5>) 02h PCL PCL 82h
=00 —> Bank 0 03h| STATUS STATUS |83h
=01 > Bank1 04h FSR FSR 84h
=10 —» Bank 2 (not implemented) 05h PORTA TRISA 85h
=11 —» Bank 3 (not implemented) o6h PORTB TRISB 86h
Note 1: Maintain this bit clear to ensure upward 07h| DATACCP TRISCCP |87h
compatibility with future products. 0sh 8sh
Each bank extends up to 7Fh (128 bytes). The lower 09h 89h
locations of each bank are reserved for the Special 0Ah| PCLATH PCLATH |8Ah
FL:nctiongegistelrslg Ar\bove tFr;e ?r)te(;ialianur:c::]onnF%ggs- oBh | INTCON INTCON | 8Bh
tatc, RAM, Al implemented banke contain Specia
Function Registers. Some “high use” Special Function 0Dh 8Dh
Registers from one bank may be mirrored in another OEh TMR1L PCON 8Eh
bank for code reduction and quicker access. OFh| TMR1H 8Fh
10h| TI1CON 90h
22.1 GENERAL PURPOSE REGISTER
FILE 11h TMR2 91h
12h| T2CON PR2 92h
The register file can be accessed either directly, or 13h 93h
indirectly through the File Select Register FSR (see
Section 2.5 “Indirect Addressing, INDF and FSR 14h 94h
Registers”). 15h| CCPRILL 95h
16h| CCPR1H 96h
17h| CCP1CON 97h
18h 98h
19h 99h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh| ADRES 9Eh
1Fh| ADCONO ADCON1 |9Fh
20h General AOh
Purpose
General Registers
Purpose 32 Bytes BFh
Registers Coh
96 Bytes
7Fh FFh
Bank 0 Bank 1
D Unimplemented data memory locations,
read as ‘0’
Note 1: Not a physical register.
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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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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 5-1: TMR1 MODULE AND PORTB OPERATION
TMR1
Module | Clock Source Control Bits TMR1 Module Operation PORTB<2:1> Operation
Mode
Off N/A T1CON = --xx 0x00 | Off PORTB<2:1> function as normal
110
Timer Fosc/4 T1CON = --xx 0x01 | TMR1 module uses the main PORTB<2:1> function as normal
oscillator as clock source. 110
TMR1ON can turn on or turn off
Timer1.
Counter | External circuit | TLCON = --xx 0x11 | TMR1 module uses the external | PORTB<2> functions as normal

TR1SCCP = ---- -x-1

signal on the RB1/T10S0/
T1CKI pin as a clock source.
TMR1ON can turn on or turn off
Timerl. DT1CK can read the
signal on the RB1/T10S0O/
T1CKI pin.

Firmware

T1CON = --xx 0x11
TR1SCCP = ---- -x-0

DATACCP<0> bit drives RB1/
T1OSO/T1CKI and produces
the TMR1 clock source.
TMR1ON can turn on or turn off
Timerl. The DATACCP<0> bit,
DT1CK, can read and write to
the RB1/T10SO/T1CKI pin.

1/0. PORTB<1> always reads ‘0’
when configured as input. If
PORTB<1> is configured as out-
put, reading PORTB<1> will
read the data latch. Writing to
PORTB<1> will always store the
result in the data latch, but not to
the RB1/T10SO/T1CKI pin. If
the TMR1CS hit is cleared
(TMR1 reverts to the timer
mode), then pin PORTB<1> will
be driven with the value in the
data latch.

Timer1 oscillator

T1CON = --xx 1x11

RB1/T10SO/T1CKI and RB2/
T10SI are configured as a 2 pin
crystal oscillator. RB1/T10SI/
T1CKlI is the clock input for
TMR1. TMR1ON can turn on or
turn off Timerl. DATACCP<1>
bit, DT1CK, always reads ‘0’ as
input and can not write to the
RB1/T10SO/T1CK1 pin.

PORTB<2:1> always read ‘0’
when configured as inputs. If
PORTB<2:1> are configured as
outputs, reading PORTB<2:1>
will read the data latches. Writ-
ing to PORTB<2:1> will always
store the result in the data
latches, but not to the RB2/
T10SI and RB1/T10SO/T1CKI
pins. If the TMR1CS and
T1OSCEN bits are cleared
(TMR1 reverts to the timer mode
and TMR1 oscillator is disabled),
then pin PORTB<2:1> will be
driven with the value in the data
latches.

© 1999-2013 Microchip Technology Inc.
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7.3 PWM Mode

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

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

data latch nor the DATACCP latch.

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

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

FIGURE 7-5: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty cycle registers f CCP1CON<5:4>

| CCPRIL ‘

ﬁf—

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

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

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

FIGURE 7-6: PWM OUTPUT

Period = PR2+1

_  — n

'
Duty Cycle ,
. TMR2 =PR2

TMR2 = Duty Cycle (CCPR1H)

TMR2 = PR2

7.3.1 PWM PERIOD

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

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

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

* The PWM duty cycle is latched from CCPRL1L into
CCPR1H

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

7.3.2 PWM DUTY CYCLE

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

PWM duty cycle = (CCPR1L:CCP1CON<5:4>)s
Tos¢TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

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

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

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

Fosc
Fpwm
= log bits

log(2)

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

cleared.

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

DS41106C-page 42
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FIGURE 8-2: ADCON1 REGISTER (ADDRESS 9Fh)
U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
| — [ = | — — | — | pcFe2 | PcFG1 | PCFGO | |R =Readable bit
bit7 bito | W = Writable bit
U =Unimplemented bit,
read as ‘0’
-n = Value at POR
Reset

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

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

A = Analog input
D = Digital I/0
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FIGURE 9-1: CONFIGURATION WORD
| cP1 | CPo | oPT [P0 | CPT | CP0 | — | BODEN | CPT | GPO | PWRTE | WDTE | Foscl | Fosco | | Register:CONFIG
bit13 bito | Address2007h

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

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

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

9.2.1 OSCILLATOR TYPES

The PIC16CXXX can be operated in four different
Oscillator modes. The wuser can program two
Configuration bits (FOSC1 and FOSCO) to select one
of these four modes:

e LP Low-Power Crystal
e XT Crystal/Resonator
e HS High-Speed Crystal/Resonator
* RC Resistor/Capacitor

9.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 9-2). The
PIC16CXXX oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturers specifica-
tions. When in XT, LP or HS modes, the device can
have an external clock source to drive the OSC1/
CLKIN pin (Figure 9-3).

FIGURE 9-2: CRYSTAL/CERAMIC
RESONATOROPERATION
(HS, XT OR LP

OSC CONFIGURATION)

c|1(1) osc1

o
L

1 XTAL < pEB interna

'S IRF®) logic

= OSsC2|1-

RS®@
co) PIC16C7XX

Sleep

Note 1: See Table9-1 and Table9-2 for
recommended values of C1 and C2.
2: A series resistor (RS) may be required for
AT strip cut crystals.
3: RF varies with the crystal chosen.

TABLE 9-1: CERAMIC RESONATORS
Ranges Tested:
Mode Freq 0OscC1 0osc2
XT 455 kHz 68-100 pF 68-100 pF

2.0 MHz 15-68 pF 15-68 pF
4.0 MHz 15-68 pF 15-68 pF
HS 8.0 MHz 10-68 pF 10-68 pF
16.0 MHz 10-22 pF 10-22 pF

These values are for design guidance only. See
notes at bottom of page.

TABLE 9-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Type Clr:)rlzgal Cap.CRlange Cap.cl:?zange
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15-33 pF 15-33 pF
20 MHz 15-33 pF 15-33 pF
These values are for design guidance only. See
notes at bottom of page.

Note 1: Recommended values of C1 and C2 are
identical to the ranges tested (Table 9-1).
2: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external compo-
nents.

4: Rs may be required in HS mode, as well
as XT mode to avoid overdriving crystals

with low drive level specification.

FIGURE 9-3: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR
LP OSC

CONFIGURATION)

Clock from ~>@—> 0OSC1
ext. system PIC16C7XX

Open .«——— OSC2

© 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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9.9 Power Control/Status Register
(PCON)

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

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

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

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

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

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

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

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

(0004h).

DS41106C-page 58
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TABLE 9-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS OF THE PIC16C712/716
Register Power-on Reset, MCLR Resets Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt

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

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

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

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

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

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

akre

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

© 1999-2013 Microchip Technology Inc.
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9.13 Power-down Mode (Sleep)

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

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

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

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

9.13.1 WAKE-UP FROM SLEEP

The device can wake up from Sleep through one of the

following events:

1. External Reset input on MCLR pin.

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

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

External MCLR Reset will cause a device Reset. All

other events are considered a continuation of program

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

in the STATUS register can be used to determine the

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

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

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

wake-up).

The following peripheral interrupts can wake the device

from Sleep:

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

2. CCP Capture mode interrupt.

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

Other peripherals cannot generate interrupts, since
during Sleep, no on-chip clocks are present.
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11.2 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

« Conditional assembly for multi-purpose
source files

« Directives that allow complete control over the
assembly process

11.3 MPLAB C18 and MPLAB C30
C Compilers

The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 family of microcontrollers and
dsPIC30F family of digital signal controllers. These
compilers provide powerful integration capabilities,
superior code optimization and ease of use not found
with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

11.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
aroutine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

« Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

11.5 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire dsPIC30F instruction set
« Support for fixed-point and floating-point data
« Command line interface

* Rich directive set

» Flexible macro language

* MPLAB IDE compatibility

11.6 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, as well as internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the laboratory environment, making it an excellent,
economical software development tool.
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12.4.2 TIMING CONDITIONS

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

TABLE 12-1: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

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

-40°C <TA< +85°C forindustrial

-40°C < TA< +125°C for extended

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

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

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

15 pF for OSC2 output
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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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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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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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20-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging

=N

O

s

N
ijf

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

Number of Pins n 20 20

Pitch p .026 0.65

Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .322 7.59 7.85 8.18
Molded Package Width El .201 .207 212 5.11 5.25 5.38
Overall Length D .278 .284 .289 7.06 7.20 7.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness c .004 .007 .010 0.10 0.18 0.25
Foot Angle ¢ 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top [¢] 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* 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: MO-150

Drawing No. C04-072
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NOTES:
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