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2.3 PCL and PCLATH

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 13 bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<12:8>
bits and is not directly readable or writable. All updates
to the PCH register go through the PCLATH register.

23.1 STACK

The stack allows a combination of up to 8 program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Mid-range devices have an 8-level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the Stack Pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLWor a RETFI E instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

After the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

24 Program Memory Paging

The CALL and GOTO instructions provide 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTOinstruction,
the upper bit of the address is provided by
PCLATH<3>. When doing a CALL or GOTQinstruction,
the user must ensure that the page select bit is pro-
grammed so that the desired program memory page is
addressed. If a return from a CALL instruction (or inter-
rupt) is executed, the entire 13-bit PC is pushed onto
the stack. Therefore, manipulation of the PCLATH<3>
bit is not required for the return instructions (which
POPs the address from the stack).

© 1999-2013 Microchip Technology Inc.
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FIGURE 3-1: BLOCK DIAGRAM OF RA3:RAO0
DATA
BUS D Q
VDD
WR VDD

PORT—<t CK L Q ‘D_{ 5
Data Latch
D Q

N I/0 pin

WR
TRIS — ck L Q Vss Vss
Analog
input
TRIS Latch mode
TTL
Input
Buffer
Q D

EN
RD PORT {>O

To A/D Converter

FIGURE 3-2: BLOCK DIAGRAM OF RA4/TOCKI PIN
DATA
BUS D Q

p— D Q

R - D
PORT | PCK-Q @ N I/0 Pin
Data Latch
Vss Vss

WR g Schmi
- 1 ckLQ chmitt
TRIS ! Trigger %7
Input
TRIS Latch Buffer
————X< }»
RD TRIS

b
RD PORT F >° - _|

TMRO Clock Input

—
-

DS41106C-page 22 © 1999-2013 Microchip Technology Inc.



PIC16C712/716

7.3.3

TRISCCP<2> bit.

SET-UP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2
register.

2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 7-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 7-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on Value on
Address |Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
07h DATACCP - - - - - DCCP — DTICK |[XXXX XXXX |XXXX Xuxu
0Bh,8Bh |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
0Ch PIR1 — ADIF — — — CCP1IF | TMR2IF | TMR1IF |-0-- -000|-0-- -000
11h TMR2 Timer2 Module’s Register 0000 0000|0000 0000
12h T2CON — | TouTPS3 | TOUTPS2| TOUTPS1 | TOUTPSO| TMR2ON| T2CKPS1| T2CKPSO0 | - 000 0000 |- 000 0000
15h CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX [uuuu uuuu
16h CCPR1H | Capture/Compare/PWM Register 1 (MSB) XXXX XXXX [uuuu uuuu
17h CCP1CON — — DC1B1 DC1BO | CCP1M3 |[CCP1M2| CCP1M1 | CCP1MO |--00 0000 |--00 0000
87h TRISCCP = = = = = TCCP = TTICK |[XxxX X1X1|[xXXX Xx1x1
8Ch PIE1 — ADIE — — — CCP1IE | TMR2IE | TMRI1IE [-0-- -000|-0-- -000
92h PR2 Timer2 Module’s Period Register 1111 1111|1111 1111
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used by PWM and Timer2.
© 1999-2013 Microchip Technology Inc. DS41106C-page 43
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The ADRES register contains the result of the A/D
conversion. When the A/D conversion is complete, the
resultis loaded into the ADRES register, the GO/DONE
bit (ADCONO0<2>) is cleared and the A/D Interrupt Flag
bit ADIF is set. The block diagram of the A/D module is
shown in Figure 8-3.

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

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

FIGURE 8-3: A/D BLOCK DIAGRAM

Configure the A/D module:

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

» Select A/D input channel (ADCONO)

« Select A/D conversion clock (ADCONO)

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

e Clear ADIF bit

+ Set ADIE bit

* Set GIE bit

Wait the required acquisition time.

Start conversion:

¢ Set GO/DONE bit (ADCONO)

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

» Waiting for the A/D interrupt

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

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

The PIC16C712/716 devices have a host of features
intended to maximize system reliability, minimize cost
through elimination of external components, provide
power-saving operating modes and offer code
protection. These are:
* OSC Selection
* Reset:

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
* Interrupts
« Watchdog Timer (WDT)
» Sleep
» Code protection
« ID locations
« In-Circuit Serial Programming™ (ICSP™)

These devices have a Watchdog Timer, which can be
shut off only through Configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in Reset until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which
provides a fixed delay on power-up only and is
designed to keep the part in Reset while the power
supply stabilizes. With these two timers on-chip, most
applications need no external Reset circuitry.

Sleep mode is designed to offer a very low-current
Power-Down mode. The user can wake-up from Sleep
through external Reset, Watchdog Timer Wake-up, or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost, while the
LP crystal option saves power. A set of Configuration
bits are used to select various options.

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

9.1 Configuration Bits

The Configuration bits can be programmed (read as
‘0") or left unprogrammed (read as ‘1’) to select various
device configurations. These bits are mapped in
program memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to
the special test/configuration memory space
(2000h-3FFFh), which can be accessed only during
programming.

© 1999-2013 Microchip Technology Inc.
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FIGURE 9-10: EXTERNAL BROWN-OUT

PROTECTION CIRCUIT 3

FIGURE 9-8: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1
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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
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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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9.10

The PIC16C712/716 devices have up to 7 sources of
interrupt. The Interrupt Control Register (INTCON)
records individual interrupt requests in flag bits. It also
has individual and global interrupt enable bits.

Interrupts

Note:  Individual interrupt flag bits are set regard-
less of the status of their corresponding

mask bit or the GIE bit.

A Global Interrupt Enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be
disabled through their corresponding enable bits in
various registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on Reset.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the
Special Function Registers, PIR1 and PIR2. The corre-
sponding interrupt enable bits are contained in Special
Function Registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in Special Function
Register, INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit or the GIE bit.

FIGURE 9-14: INTERRUPT LOGIC
TOIE Wake-up (If in Sleep mode)
TOIE :D—I—T\ r
INTF
:l:) Interrupt to CPU
ADIF
ADIE
CCP1IF
CCP1IE GIE
TMRZIF:I )
TMR2IE
TMR1IF
TMRI1IE
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9.12 Watchdog Timer (WDT)

The Watchdog Timer is as a free running, on-chip, RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT
will run, even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins of the device have been stopped,
for example, by execution of a SLEEP instruction.

During normal operation, a WDT Time-out generates a
device Reset (Watchdog Timer Reset). If the device is
in Sleep mode, a WDT Time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the STATUS regis-
ter will be cleared upon a Watchdog Timer Time-out.

The WDT can be permanently disabled by clearing
Configuration bit WDTE (Section 9.1 “Configuration
Bits”).

FIGURE 9-15:

WDT time-out period values may be found in the
Electrical Specifications section under TwDT (parame-
ter #31). Values for the WDT prescaler (actually a
postscaler, but shared with the Timer0 prescaler) may
be assigned using the OPTION_REG register.

The CLRWDT and SLEEP instructions clear
the WDT and the postscaler, if assigned to
the WDT, and prevent it from timing out
and generating a device Reset condition.

Note:

Note: ~ When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but the

prescaler assignment is not changed.

WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source

(Figure 4-2)
[ o
1™ > Postscaler
WDT Timer U
X { 8
% f 8-to-1 MUX <&— PS2:PSO
WDT PSA
Enable Bit
&——» To TMRO (Figure 4-2)
0 * | A
MUX -«— PSA
. . L . WDT
Note: PSA and PS2:PS0 are bits in the OPTION_REG register. Time-out

FIGURE 9-16: SUMMARY OF WATCHDOG TIMER REGISTERS

Address | Name Bits 13:8 Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
2007h | Config. bits (1) — | BopeN® | CP1 | CPO | PWRTE™ | WDTE | FOSC1 | FOSCO
81h OPTION_REG N/A RBPU | INTEDG |TOCS |TOSE| PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.

Note 1: See Figure 9-1 for operation of these bits.

© 1999-2013 Microchip Technology Inc.
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9.16 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).

DS41106C-page 66
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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.

DS41106C-page 70
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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.

© 1999-2013 Microchip Technology Inc.
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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

DC 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 (Commercial, Industrial)”

Param | Sym. Characteristic Min. | Typt| Max. | Units Conditions
No.
Output Low Voltage
D080 |VoL 1/0 ports — — 0.6 V |loL=8.5mA, VDD =4.5V,
-40°C to +85°C
— — 0.6 V |loL=7.0 mA, VDD = 4.5V,
-40°C to +125°C
D083 OSC2/CLKOUT — — 0.6 V |loL=1.6 mA, VDD = 4.5V,
(RC Osc mode) -40°C to +85°C
— — 0.6 V |loL=1.2mA, VDD = 4.5V,

-40°C to +125°C

Output High Voltage

D090 |VoH 1/0 ports (Note 3) VDbD-0.7| — — V |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
VDD-0.7| — — V |loH =-2.5mA, VDD = 4.5V,
-40°C to +125°C
D092 OSC2/CLKOUT (RC Osc VDD-0.7| — — V |loH =-1.3 mA, VDD = 4.5V,
mode) -40°C to +85°C
Vbp-0.7| — — V |loH =-1.0 mA, VDD = 4.5V,
-40°C to +125°C
D150* |Vob |Open-Drain High Voltage — — 8.5 V  |RA4 pin
Capacitive Loading Specs on
Output Pins
D100 |[Cosc2 |OSC2 pin — — 15 pF |In XT, HS and LP modes when
external clock is used to drive
OSCL1.
D101 |[Cio All'l/O pins and OSC2 (in RC — — 50 pF
mode)

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.

Note 1: 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.

2: 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.

3: Negative current is defined as current sourced by the pin.
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FIGURE 12-8: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

ToCK 7 :X 7[:4

|
TMRO or
TMRL X1

Note: Refer to Figure 12-3 for load conditions.

TABLE 12-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Param Sym. Characteristic Min. Typt | Max. | Units |Conditions
No.
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns [Must also meet
With Prescaler 10 — | = ns |Parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 —_ —_ ns [Must also meet
With Prescaler 10 — | — ns |parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler |Greater of: — — ns |N = prescale value
20 or TCY + 40 (2, 4,..., 256)
N
45* TtlH T1CKI High Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns [Must also meet
Synchronous, [Standard 15 — | — ns |parameter 47
Prescaler= |Extended (LC) 25 — | — | ns
2,4,8
Asynchronous |Standard 30 — — ns
Extended (LC) 50 — — ns
46* TtlL T1CKI Low Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns [Must also meet
Synchronous, |Standard 15 — — ns |parameter 47
Prescaler = Extended (LC) 25 — — ns
2,4,8
Asynchronous |Standard 30 — — ns
Extended (LC) 50 — — ns
47* Tt1P T1CKIl input period |Synchronous |Standard Greater of: — — ns |N = prescale value
30 OR_TCY + 40 1,2,4,8)
N
Extended (LC) |Greater of: N = prescale value
50 ORTCY + 40 (1,2,4,8)
N
Asynchronous |Standard 60 — — ns
Extended (LC) 100 — — ns
Ftl Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 TCKEZtmr1|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

*  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.

DS41106C-page 86

© 1999-2013 Microchip Technology Inc.




PIC16C712/716

NOTES:

DS41106C-page 88 © 1999-2013 Microchip Technology Inc.



PIC16C712/716

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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