Microchip Technology - PIC16C716-20/P Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
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,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

20MHz

Brown-out Detect/Reset, POR, PWM, WDT
13

3.5KB (2K x 14)

oTP

128 x 8

4V ~ 5.5V

A/D 4x8b

External

0°C ~ 70°C (TA)
Through Hole

18-DIP (0.300", 7.62mm)
18-PDIP

https://www.e-xfl.com/product-detail/microchip-technology/pic16c716-20-p

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16c716-20-p-4407603
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

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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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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NOTES:
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7.0 CAPTURE/COMPARE/PWM Additional information on the CCP module is available
(CCP) MODULE(S) in the P|C® Mid-Range Reference Manual, (DS33023).

Each CCP (Capture/Compare/PWM) module contains TABLE 7-1: CCP MODE - TIMER

a 16-bit register, which can operate as a 16-bit capture RESOURCE

register, as a 16-bit compare register or as a PWM .

master/slave Duty Cycle register. Table 7-1 shows the CCP Mode Timer Resource

timer resources of the CCP module modes. Capture Timerl

Capture/Compare/PWM Register 1 (CCPR1) is com- Compare Timerl

prised of two 8-bit registers: CCPR1L (low byte) and PWM Timer2

CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

FIGURE 7-1: CCP1CON REGISTER (ADDRESS 17h)

U-0 U0 RMW-0 RM-0 RMW-0 RW-0 RMW-0 R/MW-0
| — | — ]bcie1]bciBo|ccpim3| ccpiM2 [ ccPiMi | cCcPiMo| |R = Readable bit

bit7 bito | W =Writable bit
U = Unimplemented bit, read
as'‘o’

-n = Value at POR Reset

bit 7-6: Unimplemented: Read as ‘0’

bit 5-4: DC1B1:DC1B0: PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L.

bit 3-0: CCP1M3:CCP1MO0: CCP1 Mode Select bits
0000 = Capture/Compare/PWM off (resets CCP1 module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCP1IF bit is set)
1001 = Compare mode, clear output on match (CCP1IF bit is set)
1010 = Compare mode, generate software interrupt on match (CCP1IF bitis set, CCP1 pin is unaffected)
1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1 and starts an A/D
conversion (if A/D module is enabled))
11xx = PWM mode

FIGURE 7-2: TRISCCP REGISTER (ADDRESS 87H)

RW-1 R/W-1 R/W-1 RW-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — — | — [ T1cee | — | TTICK | [R = Readable bit
bit7 pito | W =Writable bit
U = Unimplemented bit, read
as ‘0’
-n = Value at POR Reset

bit 7-3:  Reserved bits; Do Not Use

bit 2: TCCP — Tri-state control bit for CCP
0 = Output pin driven
1 = Output pin tristated

bit 1: Reserved bit; Do Not Use

bit O: TT1CK — Tri-state control bit for TLCKI pin
0 = T1CKI pin is an output
1 = T1CKIl pin is an input

© 1999-2013 Microchip Technology Inc. DS41106C-page 39
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7.2

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

Compare Mode

* driven High

* driven Low

« remains Unchanged

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

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

FIGURE 7-4: COMPARE MODE
OPERATION BLOCK

DIAGRAM

Special Event Trigger will:

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

which starts an A/D conversion

Special Event Trigger

Set flag bit CCP1IF

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

Output

RB3/CCP1 R || Logic
Pin )

TRISCCP<2>
Output Enable

match

CCP1CON<3:0>
Mode Select

7.2.1 CCP PIN CONFIGURATION

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

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

PORTB I/O data latch nor the DATACCP

latch.

7.2.2 TIMER1 MODE SELECTION

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

7.2.3 SOFTWARE INTERRUPT MODE

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

7.2.4 SPECIAL EVENT TRIGGER

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

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

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

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

TMRL1IF (PIR1<0>).

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

Value on Value on
Address [Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR Resets

07h DATACCP = = = = = DCCP = DTICK [XXXX XXXX|XXXX XUXU
0Bh,8Bh  [INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |[0000 000x {0000 000u
0Ch PIR1 — ADIF — — — CCP1IF | TMR2IF | TMR1IF |[-0-- -000|-0-- -000
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
10h T1CON — | — [rickps1|T1cKPSO0|T10SCEN|TTSYNG [TMR1CS [TMRION]- - 00 0000 |- -uu uuuu
15h CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX [uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX [uuuu uuuu
17h CCP1CON| — — |DCiB1 (DC1BO |CCP1M3 |CCP1M2|CCP1M1 [CCP1MO |--00 0000 |--00 0000
87h TRISCCP — — — — — TCCP — TTICK [xxxX X1x1|xXXxX X1x1
8Ch PIE1 — ADIE — — — CCP1IE | TMR2IE | TMRLIIE [-0-- -000(-0-- -000
Legend: x = unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used by Capture and Timer1.

© 1999-2013 Microchip Technology Inc.
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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.

© 1999-2013 Microchip Technology Inc.

DS41106C-page 49



PIC16C712/716

9.2.3 RC OSCILLATOR

For timing insensitive applications, the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (RExT) and capacitor (CExT) values and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit-to-unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to take into account
variation due to tolerance of external R and C
components used. Figure 9-4 shows how the R/C
combination is connected to the PIC16CXXX.

FIGURE 9-4: RC OSCILLATOR MODE

VDD

REXT

osc1 | Internal
L E A [—> Clock

Cext " Pic16Cc7xX
Vss — -
-%—| OSC2/CLKOUT
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ

CEXT > 20pF

9.3 Reset

The PIC16CXXX differentiates between various kinds
of Reset:

e Power-on Reset (POR)

« MCLR Reset during normal operation
« MCLR Reset during Sleep

* WDT Reset (during normal operation)
« WDT Wake-up (during Sleep)

« Brown-out Reset (BOR)

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR Reset during Sleep and Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared
differently in different Reset situations as indicated in
Table 9-4. These bits are used in software to determine
the nature of the Reset. See Table 9-6 for a full
description of Reset states of all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 9-6.

The PIC microcontrollers have a MCLR noise filter in
the MCLR Reset path. The filter will detect and ignore
small pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

DS41106C-page 54
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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.

© 1999-2013 Microchip Technology Inc.
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10.0 INSTRUCTION SET SUMMARY

Each PIC16CXXX instruction is a 14-bit word divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16CXXX instruc-
tion set summary in Table 10-2 lists byte-oriented, bit-
oriented, and literal and control operations.
Table 10-1 shows the opcode field descriptions.

For byte-oriented instructions, ‘f' represents a file
register designator and ‘d’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while ‘f’ represents the number of the
file in which the bit is located.

For literal and control operations, ‘K’ represents an
eight or eleven bit constant or literal value.

TABLE 10-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to 0x7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

XXCTE_"

Don't care location (=0 or 1)

The assembler will generate code with x = 0. Itis the
recommended form of use for compatibility with all
Microchip software tools.

o

Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd =1

Program Counter

Time-out bit

Power-down bit

Zero bit

Digit Carry bit

18N 383|138

Carry bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

* Byte-oriented operations

 Bit-oriented operations

« Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 us. If a conditional test is true or the
program counter is changed as a result of an
instruction, the instruction execution time is 2 ps.

Table 10-2 lists the instructions recognized by the
MPASM assembler.

Figure 10-1 shows the general formats that the
instructions can have.

Note:  To maintain upward compatibility with
future PIC16CXXX products, do not use
the OPTI ONand TRI S instructions.

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 10-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0
OPCODE |b (BIT #)| f (FILE #)

3-bit bit address
7-bit file register address

b
f

Literal and control operations

General
13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTOinstructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

A description of each instruction is available in the PIC®
Mid-Range Reference Manual, (DS33023).
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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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11.7 MPLAB ICE 2000
High-Performance
In-Circuit Emulator

The MPLAB ICE 2000 In-Circuit Emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PIC micro-
controllers. Software control of the MPLAB ICE 2000
In-Circuit Emulator is advanced by the MPLAB Inte-
grated Development Environment, which allows edit-
ing, building, downloading and source debugging from
a single environment.

The MPLAB ICE 2000 is a full-featured emulator
system with enhanced trace, trigger and data monitor-
ing features. Interchangeable processor modules allow
the system to be easily reconfigured for emulation of
different processors. The architecture of the MPLAB
ICE 2000 In-Circuit Emulator allows expansion to
support new PIC microcontrollers.

The MPLAB ICE 2000 In-Circuit Emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows® 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

11.8 MPLAB ICE 4000
High-Performance
In-Circuit Emulator

The MPLAB ICE 4000 In-Circuit Emulator is intended to
provide the product development engineer with a
complete microcontroller design tool set for high-end
PIC MCUs and dsPIC DSCs. Software control of the
MPLAB ICE 4000 In-Circuit Emulator is provided by the
MPLAB Integrated Development Environment, which
allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 4000 is a premium emulator system,
providing the features of MPLAB ICE 2000, but with
increased emulation memory and high-speed perfor-
mance for dsPIC30F and PIC18XXXX devices. lIts
advanced emulator features include complex triggering
and timing, and up to 2 Mb of emulation memory.

The MPLAB ICE 4000 In-Circuit Emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

11.9 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash PIC
MCUs and can be used to develop for these and other
PIC MCUs and dsPIC DSCs. The MPLAB ICD 2 utilizes
the in-circuit debugging capability built into the Flash
devices. This feature, along with Microchip’s In-Circuit
Serial Programming™ (ICSP™) protocol, offers cost-
effective, in-circuit Flash debugging from the graphical
user interface of the MPLAB Integrated Development
Environment. This enables a designer to develop and
debug source code by setting breakpoints, single step-
ping and watching variables, and CPU status and
peripheral registers. Running at full speed enables
testing hardware and applications in real time. MPLAB
ICD 2 also serves as a development programmer for
selected PIC devices.

11.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an SD/MMC card for
file storage and secure data applications.
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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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12.4 AC (Timing) Characteristics

1241 TIMING PARAMETER SYMBOLOGY
The timing parameter symbols have been created

using one of the following formats:

1. TppS2ppS
2. TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc 0OscC1
ck CLKOUT rd RD
cs CS rw RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-impedance) \% Valid
L Low z High-impedance
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FIGURE 12-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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Note: Refer to Figure 12-3 for load conditions.
FIGURE 12-7: BROWN-OUT RESET TIMING
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TABLE 12-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS

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

No.

30 TmcL | MCLR Pulse Width (low) 2 — — ps | VDD =5V, -40°C to +125°C

31* TwDT | Watchdog Timer Time-out Period 7 18 33 ms | VDD = 5V, -40°C to +125°C
(No Prescaler)

32 TosT | Oscillation Start-up Timer Period — 1024 Tosc — — | ToscC = OSC1 period

33* TPWRT | Power-up Timer Period 28 72 132 ms | VDD = 5V, -40°C to +125°C

34 Tioz | I/O High-impedance from MCLR — — 2.1 us
Low or WDT Reset

35 TBOR | Brown-out Reset Pulse Width 100 — — ps | Vobb < BvbD (DO0S)

*  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.
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TABLE 12-7: A/D CONVERTER CHARACTERISTICS:
P1C16C712/716-04 (COMMERCIAL, INDUSTRIAL, EXTENDED)
P1C16C712/716-20 (COMMERCIAL, INDUSTRIAL, EXTENDED)
PIC16LC712/716-04 (COMMERCIAL, INDUSTRIAL)
Param | Sym. | Characteristic Min. Typt Max. Units Conditions
No.
A0l NR | Resolution — — 8-bits bit | VREF = VDD = 5.12V,
Vss £ VAN £ VREF
AO2 | EaBs | Total Absolute error — — <#+1 LSb | VREF = VDD = 5.12V,
Vss £ VAN £ VREF
A03 EIL | Integral linearity error — - <#1 LSb | VREF = VDD = 5.12V,
Vss £ VAN £ VREF
AO4 | EpL | Differential linearity error — - <#1 LSb | VREF = VDD = 5.12V,
Vss £ VAIN £ VREF
A05 EFs | Full scale error — — <+1 LSb | VREF = VDD = 5.12V,
Vss £ VAIN £ VREF
A06 | EoFF | Offset error — — <+1 LSb | VREF = VDD = 5.12V,
Vss £ VAIN £ VREF
A10 — | Monotonicity — guaranteed — — | Vss £ VAN £ VREF
(Note 3)
A20 | VREF | Reference voltage 2.5V — VoD + 0.3 Vv
A25 | VAIN | Analog input voltage Vss-0.3 — VREF+0.3 | V
A30 | ZAIN | Recommended impedance of — — 10.0 kQ
analog voltage source
A40 IaD | A/D conversion cur- Standard — 180 — pA | Average current consump-
rent (VDD) Extended (LC) _ 90 _ LA tion when A/D is on.
(Note 1)
A50 | IREF |VREF input current (Note 2) 10 — 1000 pA | During VAIN acquisition.
Based on differential of
VHOLD to VAIN to charge
CHoLD, see Section 9.1
“Configuration Bits”.
— — 10 pA
During A/D Conversion
cycle
2: These parameters are characterized but not tested.

3:

+

Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.

Note 1: When A/D is off, it will not consume any current other than minor leakage current.
The power-down current spec includes any such leakage from the A/D module.

2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
3: The A/D conversion result never decreases with an increase in the Input Voltage, and has no missing codes.
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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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TRISC REQISIEN ...ttt 12
Postscaler, Timer2
Select (TOUTPS3:TOUTPSO BitS) .....cccccevvverivieninnn 36
Postscaler, WDT ......cocuiiiieiieiiieiie e 29
Assignment (PSA Bit) . .
BloCK Diagram..........ccceviiiiiciiieiie e 30
Rate Select (PS2:PS0 BitS) .......cccevvvveviiniiinnnenns 14, 29
Switching Between Timer0 and WDT ........ccccccvveenee. 30
Power-down Mode. See Sleep
Power-on Reset (POR) .......cccccveriiniiennnn. 51, 54, 55, 58, 59
Oscillator Start-up Timer (OST) ....cccoveevveeirveeens 51, 55
POR Status (POR Bit)....................
Power Control (PCON) Register ...
Power-down (PD Bit) .........cccccoueeee. .
Power-on Reset Circuit, External...........cccccovcvrnineenne.
Power-up Timer (PWRT) ...c..coceviiiiieiiiiiienieene
PWRT Enable (PWRTE Bit)......ccocveviiiiieeieeeiene
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Product Identification System .........cccceveeiiieeniiieniiieeee
Program Counter
PCL REgISter....uviiiiieiiiiciicriieeiteee et 11, 19
PCLATH Register .
Reset Conditions...

Program Memory ..........
INEEITUPE VECIOT ..o
PaGiNG ...ccvviiiiiiie e
Program Memory Map
RESEt VECION ..o

Program Verification ..........ccccoviiiiiiiiiiiiiiiic e

Programming, Device INStructions ...........cc.cceveveivinneeninene 67

PWM (CCP Module) .
BlOCK Diagram..........cccvevviiinieiiiiiie e
CCPR1H:CCPRI1L ReQiSters.......cccccvvueicvierirerieinene 42
DULY CYCIE...coiiiiieieit et 42
Example Frequencies/Resolutions ..............cccceeeueen. 43
Output Diagram.........ccceeviiniiiiiiiiieiee e 42
Period.....cccoooiiiiiii 42
Set-Up for PWM Operation ............ccocevcvievieiieeneeen 43
TMR2 to PR2 Match .....cccoovveiiiiiieen. ... 36, 42
TMR2 to PR2 Match Enable (TMR2IE Bit) ................ 16
TMR2 to PR2 Match Flag (TMR2IF Bit) .........cccceeu. 17

Q

Q-CIOCK .ttt 42

R

RAM. See Data Memory

Reader RESPONSE ......ccocviiiiiiiieiiiee et 104

REQIStEr File ... 10

Register File Map ........coooieiiiiieiiiee e 10

Reset ................ ....51, 54
Block Diagram.........ccceeviveeiiiiieeiiie e 56

Brown-out Reset (BOR). See Brown-out Reset (BOR)
MCLR Reset. See MCLR
Power-on Reset (POR). See Power-on Reset (POR)

Reset Conditions for All Registers..........ccccccvevvenen.
Reset Conditions for PCON Register .....
Reset Conditions for Program Counter .
Reset Conditions for STATUS Register .................... 58
Timing DIagram .....c.occoveeciieiiiiiiiesie et 83
WDT Reset. See Watchdog Timer (WDT)

ReVISION HIStOMY .......oooviiiiiiiiiiinccice e 95

S

SIEEP it 64

SIEEP ettt e 51, 54

Software Simulator (MPLAB SIM) .......cccoviiiiiiiieciieeene 70

Special Event Trigger. See Compare

Special Features of the CPU ..........cccccoiiiiiiiiciniecc e 51

Special Function Registers.... Lo 11

Speed, OPErating .......cceecueeeeiieieeiieeeiie e e e 1

STACK. ...t 19

STATUS REQGISIEN ..o 11, 13, 62
C Bt et 13

T

TLCON REQISIEN ....eeiiiiiiiiiie sttt 11,31
TICKPSL:TICKPSO BitS....ccveveiireieeeereee s 31
T1OSCEN Bit ......oocvvenee.
T1SYNC Bit....
TMRICS Bit..ocoviciieceieeie e
TMRLION Bit ..ot

T2CON REQISIEN ..ottt
T2CKPS1:T2CKPSO0 BitS....ccveveiirereeeeneeee e
TMR20ON Bit ....ccovevveiene.
TOUTPS3:TOUTPSO Bits

TImMer0 ...ccoocevvviiiiiiii
BIOCK Diagram .........ccocueeriieiiieniie e
Clock Source Edge Select (TOSE Bit) ................. 14, 29
Clock Source Select (TOCS Bit) .....c.ccvveeriereennennn. 14, 29
Overflow Enable (TOIE Bit) ........cccoeercviiiieniiiiiiciieee 15
Overflow Flag (TOIF Bit) .....c.ccovvevvveiieniiiiieiie 15, 62
Overflow INerrupt .......cccvveeiiieii e, 30, 62

Prescaler. See Prescaler, Timer0
Timing Diagram
TMRO Register

TIMEIL Lo
BlOCK Diagram ........cccceeevieiiiniiiiiciie e
Capacitor SElection ..........cccocvveiiieieeeee e 34
Clock Source Select (TMR1CS Bit).......cccooveiveenene 31
External Clock Input Sync (T1ISYNC Bit) ...31
Module On/Off (TMRLION Bit) ......cccovevvieneiriiicieieene 31
Oscillator........ccocveiiiiiiiicciee 31,34
Oscillator Enable (TLOSCEN Bit) .......cooeevveeiiieieenne. 31
Overflow Enable (TMRLIE Bit) ....covvevviviiiiieeiieens 16
Overflow Flag (TMRLIF Bit) .....ocovvvviiiiiieiieeeeiieeees 17
Overflow INTErruPt.......covvvieriieiic e 31,34
Prescaler. See Prescaler, Timerl
Special Event Trigger (CCP) ...cooccvevviveeiiieeene 34,41
T1CON Register........cooeueue..

Timing Diagram ....
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO:  Technical Publications Manager Total Pages Sent

RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16C712/716 Literature Number: DS41106C

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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