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MICROCHIP

PIC16F/785/HV 785

20-Pin Flash-Based 8-Bit CM OS Microcontroller

High-Performance RISC CPU:

e Only 35 Instructions to Learn:
- All single-cycle instructions except branches
» Operating Speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
* Interrupt Capability
» 8-Level Seep Hardware Stack
« Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

 Precision Internal Oscillator:
- Factory calibrated to +1%
- Software selectable frequency range of
8 MHz to 32 kHz
- Software tunable
- Two-Speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
» Power-Saving Sleep mode
» Wide Operating Voltage Range (2.0V-5.5V)
« Industrial and Extended Temperature Range
* Power-on Reset (POR)
» Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
« Brown-out Reset (BOR) with Software Control
Option
» Enhanced Low-Current Watchdog Timer (WDT)
with on-chip Oscillator (software selectable
nominal 268 seconds with full prescaler) with
Software Enable
» Multiplexed Master Clear with Pull-up/Input Pin
« Programmable Code Protection
» High-Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years

Low-Power Features:

« Standby Current:
- 30 nA @ 2.0V, typical
» Operating Current:
- 8.5 pA @ 32 kHz, 2.0V, typical
- 100 pA @ 1 MHz, 2.0V, typical
« Watchdog Timer Current:
- 1pA @ 2.0V, typical
 Timerl Oscillator Current:
- 2 puA @ 32 kHz, 2.0V, typical
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Peripheral Features:

High-Speed Comparator module with:

- Two independent analog comparators

- Programmable on-chip voltage reference
(CVREF) module (% of VDD)

- 1.2V band gap voltage reference

- Comparator inputs and outputs externally
accessible

- <40 ns propagation delay

- 2 mv offset, typical

Operational Amplifier module with 2 independent

Op Amps:

- 3 MHz GBWHP, typical

- All I/O pins externally accessible

Two-Phase Asynchronous Feedback PWM

module:

- Complementary output with programmable
dead band delay

- Infinite resolution analog duty cycle

- Sync Output/Input for multi-phase PWM

- Fosc/2 maximum PWM frequency

A/D Converter:

- 10-bit resolution and 14 channels (2 internal)

17 1/O pins and 1 Input-only Pin:

- High-current source/sink for direct LED drive

- Interrupt-on-pin change

- Individually programmable weak pull-ups

TimerO: 8-Bit Timer/Counter with 8-Bit

Programmable Prescaler

Enhanced Timer1:

- 16-bit timer/counter with prescaler

- External Gate Input mode

- Option to use OSC1 and OSC2 in LP mode
as Timer1 oscillator, if INTOSC mode
selected

Timer2: 8-Bit Timer/Counter with 8-Bit Period

Register, Prescaler and Postscaler

Capture, Compare, PWM module:

- 16-bit Capture, max resolution 12.5 ns

- Compare, max resolution 200 ns

- 10-bit PWM with 1 output channel, max
frequency 20 kHz

In-Circuit Serial Programming™ (ICSP™) via two

pins

Shunt Voltage Regulator (PIC16HV785 only):

- 5 volt regulation

- 4 mA to 50 mA shunt range
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2.2.2.6 PCON Register

The Power Control register contains flag bits to allow
differentiation between a Power-on Reset (POR), a
Brown-out Reset (BOR), a Watchdog Timer (WDT)
Reset (WDT) and an external MCLR Reset.

REGISTER 2-6: PCON: POWER CONTROL REGISTER

U-0 U-0 U-0 R/W-1 U-0 U-0 R/W-0 R/W-x
= — — SBOREN®) — — POR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 SBOREN: Software BOR Enable bit®)

1 = BOR enabled

0 = BOR disabled
bit 3-2 Unimplemented: Read as ‘0’
bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Note 1: BOREN<1:0> = 01 in Configuration Word for this bit to control the BOR.

DS41249E-page 20 © 2008 Microchip Technology Inc.
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3.7.1 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared after a Reset, the
execution of a SLEEP instruction, or a modification of
the SCS bit. While in Fail-Safe condition, the
PIC16F785/HV785 uses the internal oscillator as the
system clock source. The IRCF bits in the OSCCON
Register can be modified to adjust the internal oscillator
frequency without exiting the Fail-Safe condition.

The Fail-Safe condition must be cleared before the
OSFIF flag can be cleared.

FIGURE 3-9: FSCM TIMING DIAGRAM

Sample Clock _|—|—|—|—|—l—

this example have been chosen for clarity.

System : : : . Oscillator : :
Clock . X . ' Failure : X
Output ! . ! . , )
CM Output %_‘ : ' : ' :
Q . U . .
: ! : : : Failure !

) : ) ! ! Detected ’;7
OSCFIF ; : : : : |

CM Test CM Test ' CM Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in

3.7.2 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect oscillator failure at any
point after the device has exited a Reset or Sleep
condition and the Oscillator Start-up Timer (OST) has
expired. If the external clock is EC or RC mode,
monitoring will begin immediately following these
events.

For LP, XT or HS mode, the external oscillator may
require a start-up time considerably longer than the
FSCM sample clock time; a false clock failure may be
detected (see Figure 3-9). To prevent this, the internal
oscillator is automatically configured as the system
clock and functions until the external clock is stable (the
OST has timed out). This is identical to Two-Speed
Start-up mode. Once the external oscillator is stable,
the LFINTOSC returns to its role as the FSCM source.

Note:  Due to the wide range of oscillator start-up
times, the Fail-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). After an appropriate
amount of time, the user should check the
OSTS bit in the OSCCON Register to ver-
ify the oscillator start-up and system clock
switchover has successfully completed.
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REGISTER 4-2: TRISA: PORTA TRI-STATE REGISTER

U-0 U-0 R/W-1 R/W-1 R-1 R/W-1 R/W-1 R/W-1

_ _ TRISA5@ | TRISA4® | TRISA3®W TRISA2 TRISAL TRISAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TRISA<5:0>: PORTA Tri-State Control bit®): 2

1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output
bit O C: Carry/Borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions)®

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1. TRISA<3> always reads ‘1’.
2: TRISA<5:4> always reads ‘1’ in XT, HS and LP OSC modes.

4.2  Additional Pin Functions 421 WEAK PULL-UPS

Every PORTA pin on the PIC16F785/HV785 has an Each of the PORTA pins has an individually configurable
interrupt-on-change option and a weak pull-up option. m_ternal weak pull-up. Control blts_ WPUAX enable or
The next three sections describe these functions. disable each pull-up. Refer to Register 4-3. Each weak

pull-up is automatically turned off when the port pin is
configured as an output. The pull-ups are disabled on a
Power-on Reset by the RAPU bit in the (OPTION
Register. The weak pull-up on RA3 is automatically
enabled when RA3 is configured as MCLR.

REGISTER 4-3: WPUA: WEAK PULL-UP REGISTER

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — wPUA5@ | wpua4® | wpuA3®) WPUA2 WPUAL WPUAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 WPUA<5:0>: Weak Pull-up Register bits

1 = Pull-up enabled
0 = Pull-up disabled
Note 1: Global RAPU must be enabled for individual pull-ups to be enabled.

2: The weak pull-up device is automatically disabled if the pin is in Output mode
(TRISA = 0).

The RAS3 pull-up is automatically enabled when configured as MCLR in the Configuration Word.
WPUAK<5:4> always reads ‘1’ in XT, HS and LP OSC modes.
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8.0 CAPTURE/COMPARE/PWM TABLE 8-1:  CCP MODE - TIMER
(CCP) MODULE RESOURCES REQUIRED

The Capture/Compare/PWM (CCP) module contains a CCP Mode Timer Resource

16-bit register which can operate as a: Capture Timerl

» 16-bit Capture register Compare Timerl

* 16-bit Compare register PWM Timer2

 PWM Master/Slave Duty Cycle register

Capture/Compare/PWM Register 1 (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP. The special event trigger is
generated by a compare match and will clear both
TMR1H and TMRL1L registers.

REGISTER 8-1: CCP1CON: CCP OPERATION REGISTER

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — DCi1B1 DC1B0O CCP1M3 CCP1M2 CCP1M1 CCP1MO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 DC1B<1:0>: PWM Duty Cycle 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 CCPRLL.
bit 3-0 CCP1M<3:0>: CCP Mode Select bits

0000 = Capture/Compare/PWM off (resets CCP module)

0001 = Unused (reserved)

0010 = Compare mode, toggle output on match (CCP1IF bit is set)

0011 = Unused (reserved)

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 bit is set, CCP1 pin
is unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set; TMRL1 is reset, and A/D conversion
is started if the A/D module is enabled. CCP1 pin is unaffected.)

110x = PWM mode: CCP1 output is high true.

111x = PWM mode: CCP1 output is low true.

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order
bit of the source register.

© 2008 Microchip Technology Inc. DS41249E-page 57
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8.3.3 OPERATION IN SLEEP MODE

In Sleep mode, all clock sources are disabled. Timer2
will not increment and the state of the module will not
change. If the RC5/CCP1 pin is driving a value, it will
continue to drive that value. When the device wakes
up, it will continue from this state.

8.3.3.1 OPERATION WITH FAIL-SAFE

CLOCK MONITOR
If the Fail-Safe Clock Monitor is enabled, a clock failure
will force the CCP to be clocked from the internal

oscillator clock source, which may have a different
clock frequency than the primary clock.

See Section 3.0 “Clock Sources” for additional
details.
8.3.4 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

8.3.5 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:
1. Configure the PWM pin (RC5/CCP1) as an input
by setting the TRISC<5> bit.
2. Setthe PWM period by loading the PR2 register.
3. Configure the CCP module for the PWM mode
by loading the CCP1CON register with the
appropriate values.
4. Setthe PWM duty cycle by loading the CCPR1L
register and CCP1CON<5:4> bits.
5. Configure and start TMR2:
» Clear the TMR2 interrupt flag bit by clearing
the TMR2IF bit of the PIR1 Register.
» Set the TMR2 prescale value by loading the
T2CKPS bits of the T2CON Register.
» Enable Timer2 by setting the TMR2ON bit of
the T2CON Register.
6. Enable PWM output after a new PWM cycle has
started:
» Wait until TMR2 overflows (TMR2IF bit is
set).
« Enable the RC5/CCP1 pin output by clearing
the TRISC<5> bhit.

TABLE 8-4: REGISTERS ASSOCIATED WITH CCP AND TIMER2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gll;eng ralue on al
CCP1CON — — DC1B1 DC1BO CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 0000 0000 0000 0000
CCPRI1L Capture/Compare/PWM Register 1 Low Byte XXXX XXXX uuuu uuuu
CCPR1H Capture/Compare/PWM Register 1 High Byte XXXX XXXX uuuu uuuu
INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 0000 0000
PIE1 EEIE ADIE CCP1IE C2IE ClIE OSFIE TMR2IE TMRI1IE 0000 0000 0000 0000
PIR1 EEIF ADIF CCP1IF C2IF C1lIF OSFIF TMR2IF TMR1IF 0000 0000 0000 0000
PR2 Timer2 Module Period Register 1111 1111 1111 1111
T2CON — | TouTPs3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO | -000 0000 | -000 0000
TMR2 Timer2 Module Register 0000 0000 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 [ TRISC2 | TRISC1 | TRISCO | --11 1111 | --11 1111
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the CCP or Timer2 modules.
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FIGURE 10-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
16 Stages
8R R R R R
VDD L] XX SIVAVAVY SAVAVAYS .

8R :“—VRR

16-1 Analog

CVREN® ' MUX
As|
CVREF .
o =
CVROE VR3:VRO
1 C1VREN
C1VREF to
Comparator 1 «—|
Input 0
C2VREN
C2VREF to
Comparator 2 -e—|
Input 0 VR
12V

Note 1: See Register 10-1, bits 3-0.
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NOTES:
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TABLE 17-2: PIC16F785/HV785 INSTRUCTION SET
. 14-Bit Opcode
Mnemonic, Description Cycles P Status Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d Add W and f 1 00 0111 dfff ffff | CDC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff 4 1,2
CLRF f Clear f 1 00 0001 I[fff ffff z 2
CLRW - Clear W 1 00 0001 OxxX XXXX z

COVF f,d Complement f 1 00 1001 dfff ffff 4 1,2
DECF f, d Decrement f 1 00 0011 dfff ffff 4 1,2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2,3
I NCF f, d Increment f 1 00 1010 dfff ffff z 1,2
I NCFSZ f, d Increment f, Skip if 0 1(2) 00 1111 dfff ffff 1,2,3
I ORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff 4 1,2
MOVF f, d Move f 1 00 1000 dfff ffff 4 1,2
MOVWF f Move W to f 1 00 0000 Ifff ffff

NOP - No Operation 1 00 0000 0OxxO 0000

RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff | CDC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff 4 1,2

BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 OObb bfff ffff 1,2
BSF f,b Bit Set f 1 01 O01bb bfff ffff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk | C,DC,Z

ANDLW k AND literal with W 1 11 1001 kkkk kkkk z

CALL k Call subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TO,PD

GOoro k Go to address 2 10 1kkk kkkk kkkk

| ORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z

MOVLW k Move literal to W 1 11 00xx kkkk kkkk

RETFI E - Return from interrupt 2 00 0000 0000 1001

RETLW k Return with literal in W 2 11 01xx kkkk kkkk

RETURN Return from Subroutine 2 00 0000 0000 1000

SLEEP - Go into Standby mode 1 00 0000 0110 0011 | TO,PD

SUBLW k Subtract W from literal 1 11 110x kkkk kkkk | C,DC,Z

XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk 4

Note 1: When an I/O register is modified as a function of itself (e.g., MOVF PORTA, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external

device,
If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if

the data will be written back with a ‘0’.

assigned to the TimerO module.

If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
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17.2 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label] ADDLW  k

Operands: 0< k<255

Operation: (W) +k —> (W)

Status Affected: C,DC,Z

Description: The contents of the W register
are added to the eight-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label] ADDWF fd

Operands: 0<f<127
d € [0,1]

Operation: (W) + (f) > (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register ‘f'. If ‘d’ is ‘0’, the
result is stored in the W register. If
‘d’is ‘1’, the result is stored back
in register ‘f'.

ANDLW AND Literal with W

Syntax: [label] ANDLW  k

Operands: 0< k<255

Operation: (W) .AND. (k) = (W)

Status Affected: Z

Description: The contents of W register are

AND’ed with the eight-bit literal
‘k’. The result is placed in the W
register.

ANDWF AND W with f
Syntax: [label] ANDWF fd
Operands: 0<f<127
d e[0,1]
Operation: (W) .AND. (f) — (destination)
Status Affected: Z
Description: AND the W register with register
‘. 1f‘d’ is ‘0’, the result is stored in
the W register. If ‘d’ is ‘1’, the
result is stored back in register ‘f’.
BCF Bit Clear f
Syntax: [label] BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is cleared.
BSF Bit Set f
Syntax: [label] BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is set.

© 2008 Microchip Technology Inc.
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IORLW Inclusive OR Literal with W

Syntax: [label] 1ORLW k

Operands: 0<k<255

Operation: (W) .OR. k - (W)

Status Affected: Z

Description: The contents of the W register
are OR’ed with the eight-bit literal
‘K. The result is placed in the W
register.

IORWF Inclusive OR W with f

Syntax: [label] IORWF fd

Operands: 0<f<127
d € [0,1]

Operation: (W) .OR. (f) - (destination)

Status Affected: Z

Description: Inclusive OR the W register with
register ‘. If ‘d’ is ‘0’, the result is
placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f.

MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
d e [0,1]

Operation: () - (dest)

Status Affected: Z

Encoding: ‘ 00 ‘ 1000 ‘ dfff | 13, |

Description: The contents of register ‘f’ is

moved to a destination depen-
dent upon the status of ‘d". If ‘'d’ =
0, destination is W register. If ‘d’
= 1, the destination is file register
‘fitself. ‘d’ = 1 is useful to test a
file register since status flag Z is
affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k— (W)

Status Affected:  None

Encoding: |11 [ ooxx [ kkkk | kkkk |

Description: The eight-bit literal 'k’ is loaded
into W register. The “don’t cares”
will assemble as 0’s.

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: W) > (f)

Status Affected:  None

Encoding: oo Joooo [affr [riff |

Description: Move data from W register to
register ‘f’.

NOP No Operation

Syntax: [label] NOP

Operands: None

Operation: No operation

Status Affected:  None

Encoding: | 00 ‘ 0000 ‘ 0xx0 ‘ 0000 |

Description: No operation.
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18.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
* Integrated Development Environment
- MPLAB® IDE Software
» Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C18 and MPLAB C30 C Compilers

- MPLINK™ Obiject Linker/
MPLIB™ Obiject Librarian

- MPLAB ASM30 Assembiler/Linker/Library
» Simulators

- MPLAB SIM Software Simulator
* Emulators

- MPLAB ICE 2000 In-Circuit Emulator

- MPLAB REAL ICE™ In-Circuit Emulator
« In-Circuit Debugger

- MPLAB ICD 2
» Device Programmers

- PICSTART® Plus Development Programmer

- MPLAB PM3 Device Programmer

- PICkit™ 2 Development Programmer

* Low-Cost Demonstration and Development
Boards and Evaluation Kits

18.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
» A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- Emulator (sold separately)

- In-Circuit Debugger (sold separately)
« A full-featured editor with color-coded context
« A multiple project manager

» Customizable data windows with direct edit of
contents

 High-level source code debugging

« Visual device initializer for easy register
initialization

* Mouse over variable inspection

» Drag and drop variables from source to watch
windows

« Extensive on-line help

« Integration of select third party tools, such as
HI-TECH Software C Compilers and IAR
C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either assembly or C)

* One touch assemble (or compile) and download
to PIC MCU emulator and simulator tools
(automatically updates all project information)

» Debug using:

- Source files (assembly or C)
- Mixed assembly and C
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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19.3 DC Characteristics: PIC16F785/HV785-E (Extended)®): @)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTI )
cc c STICS Operating temperature  -40°C < TA < +125°C for extended
Param . I . . Conditions
Device Characteristics Min | Typt | Max | Units
No. VDD
DO10E | Supply Current (IDD) — 11 23 pA 2.0 Fosc = 32 kHz
_ 18 38 HA 3.0 LP Oscillator mode
— 35 75 pA 5.0
DO11E — 140 240 pA 2.0 |Fosc=1MHz
. 220 380 ],J.A 3.0 XT Oscillator mode
— 380 550 pA 5.0
DO12E — 260 360 pA 2.0 |Fosc=4MHz
_ 420 650 HA 3.0 XT Oscillator mode
— 0.8 1.1 mA 5.0
DO13E — 130 220 pA 2.0 |Fosc=1MHz
. 215 360 ],J.A 3.0 EC Oscillator mode
— 360 520 pA 5.0
DO14E — 220 340 pA 2.0 |Fosc=4MHz
_ 375 550 HA 3.0 EC Oscillator mode
— 0.65 1.0 mA 5.0
DO15E — 8 20 pA 2.0 |Fosc=31kHz
_ 16 40 WA 30 INTRC mode
— 31 65 pA 5.0
DO16E — 340 450 pA 2.0 |Fosc=4MHz
— 800 1200 pA 5.0
DO17E — 230 400 pA 2.0 |Fosc=4MHz
_ 400 680 WA 30 EXTRC mode
— 0.63 1.1 mA 5.0
DO18E — 2.6 3.25 mA 45 |Fosc =20 MHz
_ 2.8 3.35 mA 5.0 HS Oscillator mode

T Datain ‘Typ’ column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are

Note 1:

not tested.

The test conditions for all IDD measurements in Active Operation mode are: OSC1 = external square wave, from rail to
rail; all I/O pins tri-stated, pulled to Vbp; MCLR = VDD; WDT disabled.

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 peripheral current is the sum of the base IbD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.

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 I/O pins in high-impedance state and tied to VDD. When A/D is off, it will not
consume any current other than leakage current. The power-down current spec includes any such leakage from the
A/D module.
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19.4 DC Characteristics: PIC16F785/HV785-I (Industrial), PIC16F785/HV785-E

(Extended)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature-40°C < Ta < +85°C for industrial
-40°C < TA < +125°C for extended
Pzrgl'm Sym Characteristic Min Typt Max |Units Conditions
VIL Input Low Voltage
1/0 ports
D030 with TTL buffer Vss — 0.8 V |45V <VDD <55V
DO30A Vss — 0.15 VbD V  |Otherwise
D031 with Schmitt Trigger buffer Vss — 0.2 VDD V  |Entire range
D032 MCLR, OSC1 (RC mode)® Vss — | o02vop | V
D033 OSC1 (XT and LP modes) Vss — 0.3 \%
DO33A OSC1 (HS mode) Vss — 0.3 VDD \%
VIH Input High Voltage
1/0O ports —
D040 with TTL buffer 2.0 — VDD V |45V <VDD <55V
DO40A (0.25 VDD + 0.8) — VDD V  |Otherwise
D041 with Schmitt Trigger buffer 0.8 VDD — VDD V  |Entire range
D042 MCLR 0.8 VDD — VDD %
D043 OSC1 (XT and LP modes) 1.6 — VDD \%
DO43A OSC1 (HS mode) 0.7 VDD — VDD \%
D043B 0SC1 (RC mode) 0.9 VoD — VDD V  |(Note 1)
D070 IPUR PORTA Weak Pull-up Current 50* 250 400* pA [VDD = 5.0V, VPIN = VSs
I Input Leakage Current®
D060 1/0 ports — +0.1 +1 pA  |VsSs <VPIN <VDD,
Pin at high-impedance
DO60A Analog inputs — +0.1 +1 pA  [VSS < VPIN £ VDD
D060B VREF — +0.1 +1 pA  |Vss < VPIN < VDD
D061 MCLR® — +0.1 45 pA  |Vss < VPIN < VDD
D063 OSC1 — +0.1 5 pA  |VsSs < VPIN £ VDD, XT, HS and
LP osc configuration
VoL Output Low Voltage
D080 1/0 ports — — 0.6 V |loL=8.5mA, VDD = 4.5V
D083 OSC2/CLKOUT (RC mode) — — 0.6 V [loL=1.6 mA, VbD = 4.5V (Ind.)
loL=1.2 mA, VDD = 4.5V (Ext.)
VOH Output High Voltage
D090 1/0 ports VoD - 0.7 — — V  |loH =-3.0 mA, VDD = 4.5V
D092 OSC2/CLKOUT (RC mode) VDD — 0.7 — — V  |loH =-1.3 mA, VDD = 4.5V (Ind.)
loH =-1.0 mA, VDD = 4.5V (Ext.)
D193* |VoD Open-Drain High Voltage — — 8.5 V  |RB6 pin

* These parameters are characterized but not tested.
t Datain ‘Typ’ column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an external
clock in RC mode.
2:  Negative current is defined as current sourced by the pin.
3: The leakage current on the MCLR 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.
4: See Section 14.4.1 “Using the Data EEPROM” on page 105.
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FIGURE 19-6: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD

VBOR

(Device not in Brown-out Reset)

(Device in Brown-out Reset)

- 36

o i L

Reset (due to BOR) 64 ms time-out®

Note 1: 64 ms delay only if PWRTE bit in Configuration Word is programmed to ‘0.
TABLE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS
P;a\lrgm Sym Characteristic Min Typt Max |Units Conditions
30 |TmcL |MCLR Pulse Width (low) 2 — — | us |VDD=5.0V, -40°C to +85°C
11 18 24 us |Extended temperature

31 TwDT Watchdog Timer Time-out Period 10 17 25 ms |VDD = 5.0V, -40°C to +85°C
(No Prescaler) 10 17 30 ms |Extended temperature

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

33* |TPwRT |Power-up Timer Period 28* 64 132* | ms |VDD =5.0V, -40°C to +85°C

34 |Tioz I/0 High-impedance from MCLR | — — 2.0 | ps
Low or Watchdog Timer Reset

35 VBOR Brown-out Reset Voltage 2.025 — 2175 | V

36 TBOR Brown-out Reset Pulse Width 100* — — pus |VDD < VBOR (D005)

* These parameters are characterized but not tested.

T Datain ‘Typ’ column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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FIGURE 20-12: MAXIMUM Ipp vs. Fosc OVER VDD (HFINTOSC MODE)
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FIGURE 20-13: TYPICAL IpD vs. VDD (SLEEP MODE, ALL PERIPHERALS DISABLED)
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FIGURE 20-24: VoL vs. loL OVER TEMPERATURE (VDD = 5.0V)
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FIGURE 20-42:

TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (5V, 125°C)
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FIGURE 20-43:

TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (5V, -40°C)
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NOTES:
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