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PIC16C712/716

Key Features
PIC® Mid-Range Reference Manual (DS33023)

PIC16C712

PIC16C716

Operating Frequency

DC - 20 MHz

DC - 20 MHz

Resets (and Delays)

POR, BOR (PWRT, OST)

POR, BOR (PWRT, OST)

Program Memory (14-bit words)

1K

2K

Data Memory (bytes) 128 128
Interrupts 7 7

1/0 Ports Ports A,B Ports A,B
Timers 3 3
Capture/Compare/PWM modules 1 1

8-bit Analog-to-Digital Module

4 input channels

4 input channels

PIC16C7XX FAMILY OF DEVICES

PIC16C710 | PIC16C71 | PIC16C711 | PIC16CT712 | PIC16CT715 | PIC16C716 |PIC16C72A | PIC16C73B

Maximum Frequency 20 20 20 20 20 20 20 20
of Operation (MHz)
EPROM Program 512 1K 1K 1K 2K 2K 2K 4K
Memory
Memory (x14 words)
Data Memory (bytes) 36 36 68 128 128 128 128 192
Timer Module(s) TMRO TMRO TMRO TMRO TMRO TMRO TMRO TMRO
TMR1 TMR1 TMR1 TMR1
TMR2 TMR2 TMR2 TMR2
Capture/Compare/ — — — 1 — 1 1 2
NN WM Module(s)
Serial Port(s) — — — — — — SPI/IPC SPI/I’C,
(SPI™/I2C™ , USART) USART
A/D Converter (8-bit) 4 4 4 4 4 4 5 5
Channels
Interrupt Sources 4 4 4 7 4 7 8 11
1/0 Pins 13 13 13 13 13 13 22 22
Voltage Range (Volts) 2.5-6.0 3.0-6.0 2.5-6.0 2555 2.5-55 2.5-55 2555 2.5-55
In-Circuit Serial Yes Yes Yes Yes Yes Yes Yes Yes
Features Programming™
Brown-out Reset Yes — Yes Yes Yes Yes Yes Yes
Packages 18-pin DIP, |18-pin DIP, | 18-pin DIP, |18-pin DIP, |[18-pin DIP, [18-pin DIP, |28-pinSDIP, |28-pinSDIP,
SOIC; SoIC SOIC; SOIC; SOIC; SOIC; SOIC, SSOP [SOIC
20-pin SSOP 20-pin SSOP | 20-pin SSOP | 20-pin SSOP | 20-pin SSOP

DS41106C-page 2

© 1999-2013 Microchip Technology Inc.




PIC16C712/716

Table of Contents

1.0 Device Overview .... .5
b2 O I /(=100 T g A @ o =T 174 L1 (o) (PP U PP TPRROT 9
T O VL@ I = o] 4 T TP PP P PP PP 21
oo I T 1 [=T (O Yoo U =T PP PP VP PPPPPPPRPUPP 29
Lo O 0 =T ot 1Y o To [ L PP PRSPPI 31
(SO 0 =T 2 1Y (o To [ ] L= TP PP P PR P PRSPPI 36
7.0 Capture/Compare/PWM (CCP) MOUGUIE(S) ... ..ureeeiueiteeitietee ittt sttt e s st se e e e sab et e e aae e e e sbe e e e e e e e b ee e e asbe e e e asneeesenneeennnnes 39
8.0  Analog-to-Digital Converter (A/D) MOUUIE ..........ccioiiiiii ittt ettt st sb e bttt et e et e st e e b e sbaeeeae e 45
9.0 Special Features of the CPU.................. ...51

10.0 Instruction Set Summary........... ... 67
11.0 Development Support....... ... 69
12.0 ElECtrCAl CharaCEIISICS ... .eiiiiiiii i ea e e b sh e sb e s e s e e be e s a e sa e s 73
13.0 PaCKAGING INFOMMBLION. ... .eeiii ittt ettt e r e e e st e e e sh et e eh e e ea e e e e et e e ah et e 2 sb e e e 2 ks e e e s e bt e e nn b e e e e nnbe e e eabeeeennneeeas 89
REVISION HISTOMY ..ttt et a et h e b bt e eh bt ea bt ekt e e s b e st e eh bt e ettt oas e et e e eb b e e eh e sh bt e et e nas e e bt e et e e nb e sbneeaais 95
CONVETSION CONSIAEIALIONS ........eiiiiiiiiiiiiie it st sh e b s b e b b e b e e s b e eb e e b b e a b e e b e e e be s s e e s ea e e sh b s abe e shae e e s s e e s snee e 95
Migration from Base-line to Mid-Range Devices .. 95

Index .............

On-Line Support...... .. 101
[RYCE Lo [T (ot oo T TP PR UUU PP UPRPPPPPPTN 102
PIC16C712/716 Product IdentifiCation SYSIEM ......c.ciioiiiiii ittt ettt ettt sb e sbae e b e beeeeeas 103

TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

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

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

Errata

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

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

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

» Your local Microchip sales office (see last page)

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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PIC16C712/716

2.2.2

SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and Peripheral Modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

give in Table 2-1.

peripheral feature section.

The Special Function Registers can be classified into
two sets; core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in that

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on: | Value on
Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets (4)
Bank 0
00h INDF( Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 [ 0000 0000
01lh TMRO Timer0 Module’s Register XXXX XXXX [ uuuu uuuu
02h pcL™M Program Counter’s (PC) Least Significant Byte 0000 0000 [ 0000 0000
03h sTaTus™ IRP() ‘ RP1(4) ‘ RPO | TO | PD | z | DC | c rrol 1xxx [rr0g quuu
04h FSrR(M Indirect Data Memory Address Pointer XXXX XXXX [ uuuu uuuu
05h PORTA(:6) — ‘ — ‘ — |PORTA Data Latch when written: PORTA pins when read S-XX XXXX | --XU uuuu
06h PORTB®8) |PORTB Data Latch when written: PORTB pins when read XXXX XXXX [ uuuu uuuu
o7h DATACCP _@ ‘ _m ‘ _m | _ | _m | DCCP | _m | DTICK | xxxX XXXX | XXXX XuXu
08h-09h — Unimplemented — —
OAh PCLATH("2) — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 (|---0 0000
0Bh INTCON( GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 — ADIF — — — CCP1IF TMR2IF TMR1IF |-0-- 0000 |-0-- 0000
0Dh — Unimplemented — —
OEh TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX [ uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX [ uuuu uuuu
10h T1CON — ‘ — ‘ T1CKPS1 | T1CKPSO |T1080EN| T1SYNC | TMR1CS | TMR1ON |--00 0000 | --uu uuuu
11h TMR2 Timer2 Module’s Register 0000 0000 [ 0000 0000
12h T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO |- 000 0000 |- 000 0000
13h-14h
15h CCPRI1L Capture/Compare/PWM Registerl (LSB) XXXX XXXX [ uuuu uuuu
16h CCPR1H Capture/Compare/PWM Registerl (MSB) XXXX XXXX [ uuuu uuuu
17h CCP1CON — ‘ — ‘ DC1B1 | DC1B0 | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO (--00 0000 |--00 0000
18h-1Dh — Unimplemented = —
1Eh ADRES A/D Result Register XXXX XXXX [ uuuu uuuu
1Fh ADCONO ADCS1 ‘ ADCSO0 ‘ CHS2 | CHS1 | CHSO | GO/DONE | — | ADON 0000 00-0 | 0000 00-0
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.

© 1999-2013 Microchip Technology Inc.
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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.

DS41106C-page 20 © 1999-2013 Microchip Technology Inc.
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PORTB pins RB3:RB1 are multiplexed with several
peripheral functions (Table 3-3). PORTB pins RB3:RB0O
have Schmitt Trigger input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTB pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISB as
destination should be avoided. The user should refer to
the corresponding peripheral section for the correct
TRIS bit settings.

Four of PORTB’s pins, RB7:RB4, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins, RB7:RB4, are
compared with the old value latched on the last read of

PORTB. The “mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

FIGURE 3-4: BLOCK DIAGRAM OF RB1/T10SO/T1CKI PIN
RBPUM <
TMRICS T1050EN$~
T1CS
1 b
\I
Data Bus 0
—
RD
DATACCP
DATACCP<0>
D Q .
WR —= Weak
cKL D—q P VoD
DATACCP Q Pull-up
TRISCCP<0>
D Q > o o~ RBI/TI0SO/T1CKI
WR CK\LQ
TRISCCP
-
PORTB<1>
D Q H Vss
WR cKLQ
PORTB
TRISB<1>
o o —1 )
WR TRISB CK_\_Q
T10SCEN
TMRI1CS
TTL Buffer
RD PORTB . |
T1CLKIN
ST
Buffer
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

© 1999-2013 Microchip Technology Inc. DS41106C-page 25
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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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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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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@)

DS41106C-page 48
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8.2 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TaD. The
A/D conversion requires 9.5TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selectable. The four possible options for TAD are:

e 2T0sC
e 8Tosc
e 32Tosc
« Internal RC oscillator
For correct A/D conversions, the A/D conversion clock

(TAD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 8-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

8.3 Configuring Analog Port Pins

The ADCONL1 and TRISA registers control the opera-
tion of the A/D port pins. The port pins that are desired
as analog inputs must have their corresponding TRIS
bits set (input). If the TRIS bit is cleared (output), the
digital output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins
configured as digital inputs, will convert
an analog input. Analog levels on a
digitally configured input will not affect the
conversion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN3:ANO
pins), may cause the input buffer to
consume current that is out of the devices

specification.

TABLE 8-1: TAD vs. DEVICE OPERATING FREQUENCIES
AD Clock Source (TAD) Device Frequency

Operation ADCS1:ADCSO0 20 MHz 5 MHz 1.25 MHz 333.33 kHz
2Tosc 00 100 ns(® 400 ns® 1.6 us 6 us
8Tosc 01 400 ns® 16 us 6.4 us 24 ps®
32Tosc 10 1.6 us 6.4 ps 25.6 ps® 96 ps®
Rrc®) 11 2-6 ps(1:4) 2-6 ps(1-4) 2-6 ps(1-4) 2-6 pst
Legend: Shaded cells are outside of recommended range.
Note 1: The RC source has a typical TAD time of 4 us.

2: These values violate the minimum required TAD time.

3: For faster conversion times, the selection of another clock source is recommended.

4: When device frequency is greater than 1 MHz, the RC A/D conversion clock source is recommended for

Sleep operation only.
5. For extended voltage devices (LC), please refer to Electrical Specifications section.
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FIGURE 9-11:

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

VDD
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INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT
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/
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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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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.
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9.16 In-Circuit Serial Programming™

PIC16CXXX microcontrollers can be serially
programmed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.

For complete details on serial programming, please
refer to the In-Circuit Serial Programming™ (ICSP™)
Guide, (DS30277).
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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.

© 1999-2013 Microchip Technology Inc. DS41106C-page 73



PIC16C712/716

12.1

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

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

Standard Operating Conditions (unless otherwise stated)

Operating temperature 0°C <TA< +70°C for commercial
DC CHARACTERISTICS -40°C <TA< +85°C for industrial
-40°C <TA<  +125°C for extended
Param | Sym. Characteristic Min. | Typt | Max. | Units Conditions
No.
D001 VDD Supply Voltage 4.0 — 55 V [ XT, RC and LP osc mode
DOO1A 45 — 5.5 \ HS osc mode
VBOR* | — | 55 V | BOR enabled”
D002* | VDR RAM Data Retention Voltage(") — 15 — v
D003 VPOR | VDD Start Voltage to ensure inter- — Vss — V | See section on Power-on Reset for details
nal Power-on Reset signal
D004* SvDD | VDD Rise Rate to ensure internal 0.05 — — Vims | PWRT enabled (PWRTE bit clear)
DO04A* Power-on Reset signal TBD — — PWRT disabled (PWRTE bit set)
See section on Power-on Reset for details
D005 VBOR | Brown-out Reset 3.65 — 4.35 \% BODEN bit set
voltage trip point
D010 IDD Supply Current(5) — 0.8 25 mA | Fosc =4 MHz, VbD = 4.0V
D013 — 4.0 8.0 mA | Fosc =20 MHz, VDD = 4.0V
D020 IPD Power-down Current(®:5) — 10.5 42 pA | VDD = 4.0V, WDT enabled,-40°C to +85°C
— 15 16 pA | VDD = 4.0V, WDT disabled, 0°C to +70°C
D021 — 15 19 pA | VDD = 4.0V, WDT disabled,-40°C to +85°C
D021B — 25 19 pA | VDD = 4.0V, WDT disabled,-40°C to +125°C
Module Differential Current(®
D022* | AIWDT | watchdog Timer — 6.0 20 pA | WDTE bit set, VDD = 4.0V
D022A* | AIBOR | Brown-out Reset — TBD | 200 uA | BODEN bit set, VbD = 5.0V
1A Fosc LP Oscillator Operating Frequency 0 — 200 KHz | All temperatures
RC Oscillator Operating Frequency 0 — 4 MHz | All temperatures
XT Oscillator Operating Frequency 0 — 4 MHz | All temperatures
HS Oscillator Operating Frequency 0 — 20 MHz | All temperatures
*  These parameters are characterized but not tested.
t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note1: This is the limit to which VDD can be lowered without losing RAM data.

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

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

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

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

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

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

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

this trip point.
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12.3

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

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature 0°C <Ta< +70°C for commercial
-40°C <TA< +85°C for industrial
-40°C <TA< +125°C for extended

Operating voltage VDD range as described in DC spec Section 12.1
“DC Characteristics: PIC16C712/716-04 (Commercial, Industrial,
Extended) PIC16C712/716-20 (Commercial, Industrial,
Extended)” and Section 12.2 “DC Characteristics: PIC16LC712/
716-04 (Commercial, Industrial)”

Param | Sym. Characteristic Min. | Typt| Max. | Units Conditions
No.
Input Low Voltage
ViIL 1/0O ports

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

modes)

Input High Voltage

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

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

Input Leakage Current

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

Pin at high-impedance
D061 MCLR, RA4/TOCKI — — +5 pA |Vss <VPIN < VDD
D063 OscC1 — — 5 pA |Vss <VPIN < VDD,
XT, HS and LP osc modes
D070 |lPurB |PORTB weak pull-up current 50 250 400 pA |VDD =5V, VPIN = Vss
* These parameters are characterized but not tested.
T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

Note 1:

and are not tested.
In RC Oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the PIC
MCU be driven with external clock in RC mode.

The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.
Negative current is defined as current sourced by the pin.
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FIGURE 12-9: CAPTURE/COMPARE/PWM TIMINGS

CCP1
(Capture Mode)
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Note: Refer to Figure 12-3 for load conditions.

TABLE 12-6: CAPTURE/COMPARE/PWM REQUIREMENTS

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

*  These parameters are characterized but not tested.
t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

© 1999-2013 Microchip Technology Inc. DS41106C-page 85



PIC16C712/716

13.0 PACKAGING INFORMATION

13.1 Package Marking Information

18-Lead PDIP

XXXXXXXXXXXXXXXXX
D XXXXXXXXXXXXXXXXX

o A YYWWNNN

18-Lead CERDIP Windowed

XXXXXXXX
W XXXXXXXX
MICROCHIP YYWWNNN

18-Lead SOIC (.300")

XXX XXXXXXXXX
XXX XXX XXXXXX
XXX XXX XXXXXX

o R\ YYWWNNN

Example

D
@)

PIC16C716-04/P
R\ 0510017

Example

PIC16C
ﬁ\ 716/JW
MiICROCHIP 0510017

Example

/SO

PIC16C712-20

R\ 0510017

@)
20-Lead SSOP Example
XXXXXXXXXXX PIC16C712
XXXXXXXXXXX -201/SS
R\ YYWWNNN R\ 0510017
O O
Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

3

ww Week code (week of January 1 is week ‘01’)

NNN  Alphanumeric traceability code

3 Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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18-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC)

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

I
INIRRININRIN]

=N

h —=

?

’-*\

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

Number of Pins n 18 18

Pitch p .050 1.27

Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § Al .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width E1l 291 .295 .299 7.39 7.49 7.59
Overall Length D .446 454 462 11.33 11.53 11.73
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle ¢ 0 4 8 0 4 8
Lead Thickness c .009 .011 .012 0.23 0.27 0.30
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 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-013

Drawing No. C04-051
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