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PIC16F785/HV785

2.2.2.2 OPTION_REG Register

The Option register is a readable and writable register, Note:  To achieve a 1:1 prescaler assignment for
which contains various control bits to configure the TMRO, assign the prescaler to the WDT by
TMRO/WDT prescaler, the external RA2/INT interrupt, §ettlng PSA blt. to ‘1’ in the OPTION Reg-
the TMRO and the weak pull-ups on PORTA. ister. See Section 5.4 *Prescaler”.

REGISTER 2-2: OPTION_REG: OPTION REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RAPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
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 RAPU: PORTA Pull-up Enable bit

1 = PORTA pull-ups are disabled

0 = PORTA pull-ups are enabled by individual port latch values in WPUA register
bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RA2/AN2/TOCKI/INT/C1OUT pin

0 = Interrupt on falling edge of RA2/AN2/TOCKI/INT/C1OUT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA2/AN2/TOCKI/INT/C1OUT pin

0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA2/AN2/TOCKI/INT/C1OUT pin

0 = Increment on low-to-high transition on RA2/AN2/TOCKI/INT/C1OUT pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate(!)

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128

Note 1: A dedicated 16-bit WDT postscaler is available for the PIC16F785/HV785.
See Section 15.5 “Watchdog Timer (WDT)" for more information.
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TABLE 4-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BitO P\g‘g"eB‘g‘R g{ﬁ';eé’ensgys
ANSELO ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 1111 1111
CM1CONO C1O0N C10UT C10E C1POL C1sP CI1R C1CH1 C1CHO 0000 0000 0000 0000
CM2CON1 MC10UT | MC20UT = — — — T1GSS C2SYNC 00-- --10 00-- --10
INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 0000 0000
I0CA — — IOCA5 IOCA4 I0CA3 I0CA2 IOCA1 IOCAO --00 0000 --00 0000
OPTION_REG RAPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
PORTA — — RA5 RA4 RA3 RA2 RA1 RAO - - XX XXXX --uu uuuu
REFCON — — BGST VRBB VREN VROE CVROE — --00 000- --00 000-
T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON 0000 0000 0000 0000
TRISA — — TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO --11 1111 --11 1111
WPUA — — WPUAS WPUA4 WPUA3 WPUA2 WPUA1 WPUAO --11 1111 --11 1111

Legend: x = unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
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4.3 PORTB and TRISB Registers

PORTB is a 4-bit wide, bidirectional port. The corre-
sponding data direction register is TRISB (Register 4-
6). Setting a TRISB bit (= 1) will make the correspond-
ing PORTB pin an input (i.e., put the corresponding
output driver in a High-Impedance mode). Clearing a

The TRISB register controls the direction of the
PORTB pins, even when they are being used as ana-
log inputs. The user must ensure the bits in the TRISB
register are maintained set when using them as analog
inputs. I/0 pins configured as analog input always read
‘0.

TRISB bit (= 0) will make the corresponding PORTB Note:  The ANSEL1 (93h) register must be initial-
pin an output (i.e., put the contents of the output latch ized to configure an analog channel as a
on the selected pin). Example 4-2 shows how to initial- digital input. Pins configured as analog
ize PORTB. inputs will read ‘0’.
Reading the PORTB register (Register 4-5) reads the )
status of the pins, whereas writing to it will write to the EXAMPLE 4-2: INITIALIZING PORTB
port latch. All write operations are read-modify-write BCF  STATUS,RPO - Bank 0
operations. Therefore, a write to a port implies that the ELC;F gggs’ RP1 ’ Init PORTB
i)orttpl?hs are ;edac:, tlhlf \r:alue is modified and then writ- BSF STATUS, RPO Bank 1
en to the port data fatch. BCF  ANSELL, 2 :digital 1/0- RB4
Pin RB6 is an open drain output. All other PORTB pins BCF ANSEL1, 3 ;digital 1/0- RB5
have full CMOS output drivers. MVLW  30h ;Set RB<5:4> as inputs

MOWF  TRI SB ;and set RB<7: 6>

;as outputs

BCF STATUS, RPO ; Bank 0O

REGISTER 4-5: PORTB: PORTB REGISTER
R/W-x R/W-x RIW-x) R/W-x u-0 u-0 u-0 u-0
RB7 RB6 RB5 RB4 — — — —

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 7-4 RB<7:4>: PORTB General Purpose I/O Pin bits
1 = Port pin is greater than VIH
0 = Port pin is less than ViL
bit 3-0 Unimplemented: Read as ‘0’
Note 1: Data latches are unknown after a POR, but each port bit reads ‘0’ when the corresponding analog select bit is
‘1’ (see Register 12-2 on page 82).
REGISTER 4-6: TRISB: PORTB TRI-STATE REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 uU-0 uU-0 u-0 u-0
TRISB7 TRISB6 TRISB5 TRISB4 — — — —
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 7-4 TRISB<7:4>: PORTB Tri-State Control bits
1 = PORTB pin configured as an input (tri-stated)
0 = PORTB pin configured as an output

bit 3-0 Unimplemented: Read as ‘0’
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5.3 Using TimerO with an External
Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI, with the internal phase clocks, is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for TOCKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

5.4 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. For simplicity, this counter will be referred to as
“prescaler” throughout this Data Sheet. The prescaler
assignment is controlled in software by the control bit
PSA of the OPTION Register. Clearing the PSA bit will
assign the prescaler to TimerQ. Prescale values are
selectable via the PS<2:0> bits of the OPTION Regis-
ter.

The prescaler is not readable or writable. When
assigned to the TimerO module, all instructions writing
to the TMRO register (e.g., CLRF 1, MOWAF 1,
BSF 1, x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer.

541 SWITCHING PRESCALER

ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on the fly” during
program execution). To avoid an unintended device
Reset, the following instruction sequence (Example 5-
1 and Example 5-2) must be executed when changing
the prescaler assignment between Timer0 and WDT.

EXAMPLE 5-1: CHANGING PRESCALER
(TIMERO—WDT)

BCF STATUS, RPO ; Bank 0

BCF STATUS, RP1

CLRWDT ; Clear VWOT

CLRF TVRO ; Clear TMRO and

prescal er
BSF STATUS, RPO ; Bank 1

MOVLW b’ 001011171° ;Required if desired
MOVWF  OPTI ON_REG ; PS2:PSO is

CLRVWDT ; 000 or 001

MOVLW b’ 00101xxx’ ; Set postscaler to
MOVWF  OPTI ON_REG ; desired VWOT rate

BCF STATUS, RPO ; Bank 0

To change prescaler from the WDT to the TMRO
module, use the sequence shown in Example 5-2. This
precaution must be taken even if the WDT is disabled.

EXAMPLE 5-2: CHANGING PRESCALER
(WDT—TIMERO)
CLRVWDT ; Clear WDT and
prescal er
BSF STATUS, RPO ; Bank 1
BCF STATUS, RP1 ;
MOVLW b’ xXxxx0xxx’ ; Sel ect TMRO,
; prescale, and
clock source
MOVWF  OPTI ON_REG ;
BCF STATUS, RPO ; Bank 0
TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO
. . . . . . . . Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR other Resets
ANSELO ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 1111 1111
INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 0000 0000
OPTION_REG | RAPU INTEDG TOCS TOSE PSA Ps2 PS1 PSO 1111 1111 1111 1111
TMRO TimerO Module Register XXXX XXXX uuuu uuuu
TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO --11 1111 --11 1111
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Timer0 module.
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REGISTER 9-1: CM1CONO: COMPARATOR C1 CONTROL REGISTER O

R/W-0

R-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0

R/W-0

C10ON

CiouT C10E CiPOL CispP C1R

C1CH1

C1CHO

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

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1-0

C1ON: Comparator C1 Enable bit
1 = C1 Comparator is enabled

0 = C1 Comparator is disabled
C10UT: Comparator C1 Output bit

If C1IPOL =1 (inverted polarity):
C10UT = 1, C1VP < C1VN
C10UT = 0, C1VP > C1VN

If C1IPOL = 0 _(non-inverted polarity):
C10UT =1, C1VP > C1VN
C10UT =0, C1VP < C1VN
C10E: Comparator C1 Output Enable bit
1 = C10UT is present on the RA2/AN2/TOCKI/INT/C10UT pin®
0 = C10UT is internal only
C1POL: Comparator C1 Output Polarity Select bit
1 = C10UT logic is inverted
0 = C10UT logic is not inverted
C1SP: Comparator C1 Speed Select bit
1 = C1 operates in normal speed mode
0 = C1 operates in low-power, slow speed mode
C1R: Comparator C1 Reference Select bit (non-inverting input)
1 = C1VP connects to C1VREF output
0 = C1VP connects to RAO/ANO/C1IN+/ICSPDAT
C1CH<1:0>: Comparator C1 Channel Select bits

00 = C1VN of C1 connects to RA1/AN1/C12INO-/VREF/ICSPCLK
01 = C1VN of C1 connects to RC1/AN5/C12IN1-/PH1
10 = C1VN of C1 connects to RC2/AN6/C12IN2-/OP2
11 = C1VN of C1 connects to RC3/AN7/C12IN3-/OP1

Note 1. C10UT will only drive RA2/AN2/TOCKI/INT/C10UT if: (C10E = 1) and (C10ON = 1) and (TRISA<2> = 0).

© 2008 Microchip Technology Inc.
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9.2 Comparator Outputs

The comparator outputs are read through the
CM1CONO, COM2CONO or CM2CONL1 registers.
CM1CONO and CM2CONO each contain the individual
comparator output of Comparator 1 and Comparator 2,
respectively. CM2CON2 contains a mirror copy of both
comparator outputs facilitating a simultaneous read of
both comparators. These bits are read-only. The
comparator outputs may also be directly output to the
RA2/AN2/TOCKI/INT/C1OUT and RC4/C20UT/PH2
I/O pins. When enabled, multiplexers in the output path
of the RA2 and RC4 pins will switch and the output of
each pin will be the unsynchronized output of the com-
parator. The uncertainty of each of the comparators is
related to the input offset voltage and the response time
given in the specifications. Figure 9-1 and Figure 9-2
show the output block diagrams for Comparators 1 and
2, respectively.

The TRIS bits will still function as an output enable/
disable for the RA2/AN2/TOCKI/INT/C1OUT and RC4/
C20UT/PH2 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C1POL and C2POL bits of the CMxCONO
Register.

Timerl gate source can be configured to use the T1G
pin or Comparator 2 output as selected by the T1GSS
bit of the CM2CONL1 Register. The Timerl gate feature
can be used to time the duration or interval of analog
events. The output of Comparator 2 can also be syn-
chronized with Timer1 by setting the C2SYNC bit of the
CM2CON1 Register. When enabled, the output of
Comparator 2 is latched on the falling edge of the
Timerl clock source. If a prescaler is used with Timer1,
Comparator 2 is latched after the prescaler. To prevent
a race condition, the Comparator 2 output is latched on
the falling edge of the Timerl clock source and Timerl
increments on the rising edge of its clock source. See
the Comparator 2 Block Diagram (Figure 9-2) and the
Timerl Block Diagram (Figure 6-1) for more
information.

It is recommended to synchronize Comparator 2 with
Timerl by setting the C2SYNC bit when Comparator 2
is used as the Timerl gate source. This ensures Timerl
does not miss an increment if Comparator 2 changes
during an increment.

9.3 Comparator Interrupts

The comparator interrupt flags are set whenever there
is a change in the output value of its respective compar-
ator. Software will need to maintain information about
the status of the output bits, as read from
CM2CONO0<7:6>, to determine the actual change that
has occurred. The CxIF bits, PIR1<4:3>, are the
Comparator Interrupt Flags. Each comparator interrupt
bit must be reset in software by clearing it to ‘0’. Since
it is also possible to write a ‘1’ to this register, a
simulated interrupt may be initiated.

The CxIE bits of the PIE1 Register and the PEIE bit of
the INTCON Register must be set to enable the inter-
rupts. In addition, the GIE bit must also be set. If any of
these bits are cleared, the interrupt is not enabled,
though the CxIF bits will still be set if an interrupt con-
dition occurs.

The comparator interrupt of the PIC16F785/HV785
differs from previous designs in that the interrupt flag is
set by the mismatch edge and not the mismatch level.
This means that the interrupt flag can be reset without
the additional step of reading or writing the CMxCONO
register to clear the mismatch registers. When the
mismatch registers are not cleared, an interrupt will not
occur when the comparator output returns to the
previous state. When the mismatch registers are
cleared, an interrupt will occur when the comparator
returns to the previous state.

Note 1: If a change in the CMxCONO register
(CxOUT) should occur when a read
operation is being executed (start of the
Q2 cycle), then the CxIF of the PIR1 Reg-
ister interrupt flag may not get set.

2: When either comparator is first enabled,
bias circuitry in the Comparator module
may cause an invalid output from the
comparator until the bias circuitry is sta-
ble. Allow about 1 ps for bias settling then
clear the mismatch condition and inter-
rupt flags before enabling comparator
interrupts.

9.4 Effects of Reset

A Reset forces all registers to their Reset state. This
disables both comparators.

© 2008 Microchip Technology Inc.
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REGISTER 12-3:

ADCONO: A/D CONTROL REGISTER

R/W-0

R/W-0 R/W-0 R/W-0

R/W-0

R/W-0

R/W-0 R/W-0

ADFM

VCFG CHS3 CHS2

CHS1

CHSO

GO/DONE ADON

bit 7

bit 0

Legend:

R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 7

bit 6

bit 5-2

bit 1

bit 0

ADFM: A/D Result Formed Select bit
1 = Right justified

0 = Left justified

VCFG: Voltage Reference bit
1 = VREF pin

0 =VDD

CHS<3:0>: Analog Channel Select bits
0000 = Channel 00 (ANO)
0001 = Channel 01 (AN1)
0010 = Channel 02 (AN2)
0011 = Channel 03 (AN3)
0100 = Channel 04 (AN4)
0101 = Channel 05 (AN5)
0110 = Channel 06 (AN6)
0111 = Channel 07 (AN7)
1000 = Channel 08 (AN8)
1001 = Channel 09 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = CVREF

1101 =VR

1110 = Reserved. Do not use.
1111 = Reserved. Do not use.

GO/DONE: A/D Conversion Status bit

1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress

ADON: A/D Enable bit
1 = A/D converter module is enabled

0 = A/D converter is shut-off and consumes no operating current

© 2008 Microchip Technology Inc.
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FIGURE 12-4: ANALOG INPUT MODEL
Voo Sampling
R VT = 0.6V , Switch
, Rs: ANx Ric <1k + SS Rss:
: . My :);._W\,:_
' coeen L | ek SRR i
: ! PIN _L ILEAKAGE 1 = capacitance
1_ .. 5pF VT =06V(y )+500 nA T =10pF
= ¢ Vss
Legend: CPIN= Input Capacitance 567891011
VT = Threshold Voltage Sampling Switch
| LEAKAGE = Leakage current at the pin due to various junctions (kQ)
RiCc = Interconnect Resistance
SS= Sampling Switch
CHoOLD = Sample/Hold Capacitance (from DAC)
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12.4 Effects of Reset

A device Reset forces all registers to their Reset state.
Thus, the A/D module is turned off and any pending
conversion is aborted. The ADRESH:ADRESL
registers are unchanged.

12.5 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP module. This requires that the
CCP1M3:CCP1MO bits of the CCP1CON Register be
programmed as ‘1011’ and that the A/D module is
enabled (ADON bit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D conversion
and the Timerl counter will be reset to zero. Timerl is
reset to automatically repeat the A/D acquisition period

with  minimal

software

overhead

(moving

ADRESH:ADRESL to the desired location).

the

The appropriate analog input channel must be selected
and the minimum acquisition done before the “special
event trigger” sets the GO/DONE bit (starts a
conversion).

If the A/D module is not enabled (ADON is cleared), then
the “special event trigger” will be ignored by the A/D
module, but will still reset the Timerl counter. See
Section 8.0 “Capture/Compare/PWM (CCP) Module”
for more information.

TABLE 12-3: SUMMARY OF A/D REGISTERS
. . . . . . . . Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR. BOR | other Resets
ADCONO ADFM VCFG CHS3 CHS2 CHS1 CHSO |GO/DONE | ADON 0000 0000 0000 0000
ADCON1 — ADCS2 ADCS1 ADCS0 — — — — -000 ---- -000 ----
ADRESH Most Significant 8 bits of the left justified A/D result or 2 bits of the right justified result XXXX XXXX uuuu uuuu
ADRESL Least Significant 2 bits of the left justified A/D result or 8 bits of the right justified result XXXX XXXX uuuu uuuu
ANSELO ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 1111 1111
ANSEL1 — — — — ANS11 ANS10 ANS9 ANS8 ---- 1111 ---- 1111
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 C1IF OSFIF TMR2IF TMRI1IF 0000 0000 0000 0000
PORTA — — RA5 RA4 RA3 RA2 RA1 RAO - - XX XXXX --uu uuuu
PORTB RB7 RB6 RB5 RB4 — — — — XXXX = --- uuuu - ---
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX uuuu uuuu
TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO --11 1111 --11 1111
TRISB TRISB7 | TRISB6 TRISB5 TRISB4 — — — — 1111 ---- 1111 ----
TRISC TRISC7 | TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used for A/D module.

© 2008 Microchip Technology Inc.
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16.0 VOLTAGE REGULATOR

The PIC16HV785 includes a permanent internal 5 volt
(nominal) shunt regulator in parallel with the VDD pin.
This eliminates the need for an external voltage regula-
tor in systems sourced by an unregulated supply. All
external devices connected directly to the VDD pin will
share the regulated supply voltage and contribute to
the total VDD supply current (ILOAD).

16.1 Regulator Operation

The regulator operates by maintaining a constant
voltage at the VDD pin by adjusting the regulator shunt
current in response to variations of the VVbD supply load
and the unregulated supply voltage. The regulator
behaves like a fully compensated Zener diode. (See
Figure 16-1).

FIGURE 16-1: REGULATOR

VUNREG

% RSER

VDD ¢— To other circuitry

|r S ﬁc?eﬁw_%jl
Voltage

| ‘ Regulator |

I |

I I

- - - — — — _I

An external current limiting resistor, RSER, located
between the unregulated supply, VUNREG, and the VDD
pin, drops the difference in voltage between VUNREG
and VDD. RSER must be between RMAXx and RMIN as
defined by Equation 16-1.

EQUATION 16-1: RSER LIMITING RESISTOR

(VUMIN - VDD) * 1000

RViAX = 1.05¢ (4 MA + ILOAD)
_ (VUMIN - VDD) « 1000
RMIN = 0.95 + (50 WA)
Where:

RmAXx = maximum value of RSER (ohms)
RMIN = minimum value of RSER (ohms)
VUMIN = minimum value of VUNREG
VUMAX = maximum value of VUNREG

VDD = regulated voltage (5V nominal)

ILoAD = maximum expected load current in mA
including I/O pin currents and external
circuits connected to VDD.

1.05 = compensation for +5% tolerance of RSER
0.95 = compensation for -5% tolerance of RSER

16.2 Regulator Precautions

The total VDD load current variation must be less than
46 mA so that it falls within the voltage regulator shunt
current dynamic range. If the load current rises above
the expected maximum, the regulator will be starved for
current and go out of regulation causing VDD to drop.

Since the regulator uses the band gap voltage as the
regulated voltage reference, the VR voltage reference
is permanently enabled in the PIC16HV785 device.

(used on blank pages to make page count even)
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RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,
1- GIE
Status Affected: ~ None
Encoding: ‘ 00 ‘ 0000 | 0000 | 1001 |
Description: Return from Interrupt. Stack is
POPed and Top-of-Stack (TOS)
is loaded in the PC. Interrupts are
enabled by setting Global
Interrupt Enable bit, GIE of the
INTCON Register. This is a two-
cycle instruction.
RETLW Return with Literal in W
Syntax: [label] RETLW k
Operands: 0< k<255
Operation: k — (W);
TOS —» PC
Status Affected: ~ None
Encoding: ‘ 11 ‘ 01xx | kkkk | kkkk |
Description: The W register is loaded with
the eight-bit literal ‘k’. The pro-
gram counter is loaded from the
top of the stack (the return
address). This is a two-cycle
instruction.
RETURN Return from Subroutine
Syntax: [label] RETURN
Operands: None
Operation: TOS —» PC
Status Affected:  None
Description: Return from subroutine. The stack

is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a two-cycle
instruction.

RLF Rotate Left f through Carry
Syntax: [label] RLF fd
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Encoding: | 00 ‘ 1101 | df f f ‘ fiff ‘
Description: The contents of register ‘f’ are
rotated one bit to the left through
the Carry Flag. If ‘d" is ‘0’, the
result is placed in the W register.
If 'd’" is ‘1, the result is stored
back in register ‘f’.
RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
d € [0,1]
Operation: See description below
Status Affected: C
Encoding: oo [1100 [atft |ifif |
Description: The contents of register ‘f’ are
rotated one bit to the right
through the Carry Flag. If ‘d’ is
‘0’, the result is placed in the W
register. If ‘d’ is ‘1’ the result is
placed back in register ‘f'.
SLEEP Go into Standby mode
Syntax: [label]  SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1->T0,
0—-PD
Status Affected:  TO, PD
Encoding: ‘ 00 | 0000 | 0110 ‘ 0011 |
Description: The power-down Status bit, PD

is cleared. Time out Status bit,
TO is set. Watchdog Timer and
its prescaler are cleared.

The processor is put into Sleep
mode with the oscillator
stopped.

© 2008 Microchip Technology Inc.

DS41249E-page 133



PIC16F785/HV785

FIGURE 19-1: PIC16F785/HV785 WITH ANALOG DISABLED VOLTAGE-FREQUENCY GRAPH,
-40°C <TA <+125°C@
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

2: Frequency denotes system clock frequency. When using the HFINTOSC the system clock is
after the postscaler.

3: The internal shunt regulator of the PIC16HV785 keeps VDD at or below 5.0V (nominal).
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19.2 DC Characteristics: PIC16F785/HV785-I (Industrial)): (2)
Standard Operating Conditions (unless otherwise stated
DC CHARACTERISTICS Operating te?nperatgre -40°C < TA( < +85°C for industrial :
Pzr:.m Device Characteristics Min | Typt | Max | Units Conditions
VDD
D010 Supply Current (IDD) — 11 23 pA 2.0 Fosc = 32 kHz
_ 18 38 uA 3.0 LP Oscillator mode
— 35 75 pA 5.0
D011 — 140 240 pA 2.0 |Fosc=1MHz
_ 220 380 WA 3.0 XT Oscillator mode
— 380 550 pA 5.0
D012 — 260 360 HA 2.0 |Fosc=4MHz
_ 420 650 uA 3.0 XT Oscillator mode
— 0.8 11 mA 5.0
D013 — 130 220 pA 2.0 |Fosc=1MHz
_ 215 360 WA 3.0 EC Oscillator mode
— 360 520 pA 5.0
D014 — 220 340 HA 2.0 |Fosc=4MHz
_ 375 550 uA 3.0 EC Oscillator mode
— 0.65 1 mA 5.0
D015 — 8 20 pA 2.0 |Fosc=31kHz
_ 16 40 LA 30 INTRC mode
— 31 65 pA 5.0
D016 — 340 450 HA 2.0 |Fosc=4MHz
_ 500 700 uA 3.0 INTOSC mode
— 800 1200 HA 5.0
D017 — 230 400 pA 2.0 |Fosc=4MHz
_ 400 680 LA 30 EXTRC mode
— 0.63 11 mA 5.0
D018 — 2.6 3.25 mA 45 |Fosc =20 MHz
_ 28 3.35 mA 50 HS Oscillator mode

Note 1:

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

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 Vbb; MCLR = Vbb; 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 IDD 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 Vbb. 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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19.3 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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FIGURE 19-6: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD
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- 36

o i L
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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 20-14: MAXIMUM IpD vs. VDD (SLEEP MODE, ALL PERIPHERALS DISABLED)
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FIGURE 20-15: COMPARATOR IrD vs. VDD (BOTH COMPARATORS ENABLED)
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FIGURE 20-18: TYPICAL WDT Ipp vs. VDb OVER TEMPERATURE
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FIGURE 20-19: MAXIMUM WDT IpD vs. VDD OVER TEMPERATURE
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21.0 PACKAGING INFORMATION

21.1

The following sections give the technical details of the packages.

Package Marking Information

20-Lead PDIP Example
XXXXXXXXX XXX XXXXX PIC16F785-1/P
XXXXXXXXXXXXXXXXX ) R\ 0810017
5 R\ YYWWNNN O
20-Lead SOIC (.300") Example
XXXXXXXXXXXXXX PIC16F785
XXXXXXXXXXXXXX -E/SO
XXXXXXXXXXXXXX @ 0810017
O @ YYWWNNN o
20-Lead SSOP Example
XXXXXXXXXXX PIC16F785
XXXXXXXXXXX -I/SS
R\ YYWWNNN R\ 0810017
O O
20-Lead QFN Example
R TR
XXXXXXX 16F785
XXXXXXX -I/ML
YWWNNN 0810017

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)
wWw Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code

@ 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: Inthe 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.

*  Standard PIC® device marking consists of Microchip part number, year code, week code, and traceability
code. For PIC device marking beyond this, certain price adders apply. Please check with your Microchip
Sales Office. For QTP devices, any special marking adders are included in QTP price.
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Interrupt Context SAVING .......cccceerviiriieniiieiie s
Code ProteCtion .........ccoceiviiiiiieiie e
Comparator Module ...........ceevviiiiiiiiiceee e

Associated Registers .........cccocvvevieiiiennene

C1 Output State Versus Input Conditions .

C2 Output State Versus Input Conditions .

Comparator INTerrupPtS .......c.oeevveeriiiiie e

Effects Of RESEL....cci i
Comparator Voltage Reference (CVREF)

SPECIfiCALIONS ......vieiiiiiiiiiiec e 157
Comparators

C20UT @S TL GAe ....evvveveeeiiiieiiee e 52

SPECIfiCAtIONS ......veeiiiiiiiiiec e 157
Compare Module. See Capture/Compare/PWM (CCP)
CONFIG REQISLEN ....ceiiviieeiiiiie et 108
Configuration BitS...........ccvuiiiiiiiiii 107
Customer Change Notification Service ...........ccccceeviuneenn. 201
Customer Notification ServiCe..........ccccvvveeiriiieniieeinneennn 201
Customer SUPPOIT....ccciiiiiiiiee e 201
D
Data EEPROM Memory

Associated REgISIErS .......cccccveviieeeiiiiee e 106

Code ProteCtion .........cccceovveveiiiie e 103, 106
Data MemMOIY.......c.ccoiiiiiiiiiiiee e 9
DC and AC Characteristics

Graphs and Tables .......cccocvviiiiiiiiiee e, 163
DC Characteristics

Extended and Industrial ...........c..ccceivivieiiiie e 148

Industrial and Extended ...........c.occveiviveeiiiie e 143
Development SUPPOIT ........covviiiieniiiiie e 137
DEVICE OVEIVIEW ...ttt 5
E
EEADR REQISLEN ....oiiiiiiiciiiieeieee e 103
EECONL REQISTEr .....ooiiiiiiiiiiiiiiitee e 104
EECON2 REQISTEr .....ooiuiiiiiiiiiiiiiiiceie e 104
EEDAT REQISIEN ....ceiiiiieiiiee et 103

EEPROM Data Memory
Avoiding Spurious Write...

Reading........cccocuvvennnnn. ...105
WIIte VErify ..ooiiiiiiiiiiiccicie e 105
WWIItING e 105
Effects of Reset
AID MOAUIE ... 89
Comparator module ...........cocceevieiiiiiiiiiicceee s 69
OPA MOAUIE......c.oiiiiiiiiiii s
PWM mode.................
Electrical Specifications .
Errata ..o,
F
Fail-Safe Clock MONItOr...........ccccoviiiiiiiiiiiic e 31
Fail-Safe Condition Clearing ............cccccevevviniieneecnnn. 32
Reset and Wake-up from Sleep........cccccceeviinieninennn. 32
Firmware INStructions............ccooviiiiiiiiiiiic s 127
Fuses. See Configuration Bits
G
General Purpose Register File...............cccocooiii. 9
|
ID LOCALIONS ...ttt
IN-Circuit Debugger ..o
In-Circuit Serial Programming (ICSP) ...............

Indirect Addressing, INDF and FSR Registers..

INStrUCtioN FOIMAL.........ccoviiiiiieieee e 127
INSTIUCHION SEL.....uuviiiiiiiiciiie et 127

INCFSZ...
IORLW....

Summary Table ..o 128
INTCON REGISEN ..ottt e 17
Internal Oscillator Block

INTOSC

SPECIfiCatiONS .....cccvviriiiiiiiiic e 153
Internal Sampling Switch (Rss) Impedance..............ccc...... 86
Internet Address
INEEITUPLS ...

(CCP) Compare

AID oo

Associated Registers..........ccceevieiieniiniic e 119

COMPATALOL ... 69

COoNEXE SAVING ..vvveeeiieee ittt 120

Data EEPROM Memory Write 104

Interrupt-on-Change ..... .37

Oscillator Fail (OSF).............. .31

PORTA Interrupt-on-change...........ccocceeeviveeiiieennns 118

RAZ2/INT oottt 118

TMRO .o 118

TMRL oo 52

TMR2 to PR2 Match .. 55, 56
INTOSC Specifications............ 153
IOCA (Interrupt-on-Change) .... .. 37
IOCA REJISIEN ...ttt 37
L
Load ConditioNS..........cvecieeiiiiieiie e 150
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NOTES:
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