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PIC16F610/616/16HV610/616

2.2.25 PIR1 Register

The PIR1 register contains the peripheral interrupt flag Note: Interrupt flag bits are set when an interrupt
bits, as shown in Register 2-5. condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE of the INTCON register. User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt.

REGISTER 2-5: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

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

— ADIFD ccp1F® caF | cuF | — ™R2IFD | TMRLIF
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 Unimplemented: Read as ‘0’
bit 6 ADIF: A/D Interrupt Flag bit®

1 = A/D conversion complete
0 = A/D conversion has not completed or has not been started

bit 5 CCP1IF: CCP1 Interrupt Flag bit(®)

Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)

0 = No TMRL1 register compare match occurred
PWM mode:
Unused in this mode

bit 4 C2IF: Comparator C2 Interrupt Flag bit

1 = Comparator C2 output has changed (must be cleared in software)
0 = Comparator C2 output has not changed

bit 3 C1IF: Comparator C1 Interrupt Flag bit

1 = Comparator C1 output has changed (must be cleared in software)
0 = Comparator C1 output has not changed

bit 2 Unimplemented: Read as ‘0’
bit 1 TMR2IF: Timer2 to PR2 Match Interrupt Flag bit()

1 = Timer2 to PR2 match occurred (must be cleared in software)
0 = Timer2 to PR2 match has not occurred

bit 0 TMR1IF: Timerl Overflow Interrupt Flag bit

1 = Timer1 register overflowed (must be cleared in software)
0 = Timerl has not overflowed

Note 1: PIC16F616/16HV616 only. PIC16F610/16HV610 unimplemented, read as ‘0.
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34.11 OSCTUNE Register The default value of the OSCTUNE register is ‘0’. The

The oscillator is factory calibrated but can be adjusted

value is a 5-bit two’s complement number.

in software by writing to the OSCTUNE register When the OSCTUNE register is modified, the frequency

(Register 3-1).

will begin shifting to the new frequency. Code execution
continues during this shift. There is no indication that the
shift has occurred.

REGISTER 3-1: OSCTUNE: OSCILLATOR TUNING REGISTER

uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 TUN<4:0>: Frequency Tuning bits
01111 = Maximum frequency
01110 =
00001 =
00000 = Oscillator module is running at the manufacturer calibrated frequency.
11111 =
10000 = Minimum frequency
TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
value on Value on
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR all otht(alr)
Resets
CONFIG®@ | |OSCFS| CP MCLRE | PWRTE | WDTE | FOSC2 | FOSC1 | FOSCO — —
OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO | ---0 0000 | ---u uuuu

Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by oscillators.
Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
2:  See Configuration Word register (Register 12-1) for operation of all register bits.
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NOTES:
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4.0 I/OPORTS

There are as many as eleven general purpose 1/O pins
and an input pin available. Depending on which
peripherals are enabled, some or all of the pins may not
be available as general purpose 1/O. In general, when a
peripheral is enabled, the associated pin may not be
used as a general purpose I/O pin.

4.1 PORTA and the TRISA Registers

port pins are read, this value is modified and then
written to the PORT data latch. RA3 reads ‘0’ when
MCLRE = 1.

The TRISA register controls the direction of the
PORTA pins, even when they are being used as
analog inputs. The user must ensure the bits in the
TRISA register are maintained set when using them as
analog inputs. I/O pins configured as analog input
always read ‘0’.

. ) ) o Note:  The ANSEL register must be initialized to
PORTA |s_ a 6-hbit W_lde,_ bldlrect_lonal _port. The configure an analog channel as a digital
corre‘spondlng daFa direction ‘reglster is TRISA input. Pins configured as analog inputs will
(Register 4-.2). Setting a TRlSA.bIt (= ;) W|Illmake the read ‘0’ and cannot generate an interrupt.
corresponding PORTA pin an input (i.e., disable the
output drlvgr). Clearing gTRISA bit (_: 0) will make the EXAMPLE 4-1: INITIALIZING PORTA
corresponding PORTA pin an output (i.e., enables output -
driver and puts the contents of the output latch on the ELC;F ggzs’ RPO : Fanf ngA
selected pin). The exception is RA3, which is input only ! n K
d its TRIS bit will always read as ‘1. Example 4-1 BSF STATUS, RPO +Bank 1

an ot wi : CLRF  ANSEL digital 1/0
shows how to initialize PORTA. MOVLW 0Ch - Set RA<3:2> as inputs
Reading the PORTA register (Register 4-1) reads the MOV TRI SA ;and set RA<5:4,1:0>
status of the pins, whereas writing to it will write to the ;as outputs
PORT latch. All write operations are read-modify-write BCF  STATUS, RPO » Bank 0
operations. Therefore, a write to a port implies that the
REGISTER 4-1: PORTA: PORTA REGISTER

uU-0 U-0 R/W-x R/W-0 R-x R/W-0 R/W-0 R/W-0

— — RA5 RA4 RA3 RA2 RAL RAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RA<5:0>: PORTA /O Pin bit

1 =PORTA pinis > VIH
0 = PORTA pinis < VIL

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 TRISA2 TRISA1 TRISAO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘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
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

Note 1: TRISA<3> always reads ‘1.

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

© 2009 Microchip Technology Inc.
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REGISTER 4-4: WPUA: WEAK PULL-UP PORTA REGISTER

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

— — WPUAS WPUA4 — 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 5-4 WPUA<5:4>: Weak Pull-up Control bits

1 = Pull-up enabled
0 = Pull-up disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WPUA<2:0>: Weak Pull-up Control 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).

3: The RA3 pull-up is enabled when configured as MCLR and disabled as an input in the Configuration
Word.

4: WPUA<5:4> always reads ‘1’ in XT, HS and LP Oscillator modes.

REGISTER 4-5: IOCA: INTERRUPT-ON-CHANGE PORTA REGISTER

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

— — IOCA5 IOCA4 I0OCA3 IOCA2 IOCA1 IOCAO
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 IOCA<5:0>: Interrupt-on-change PORTA Control bit

1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

Note 1: Global Interrupt Enable (GIE) must be enabled for individual interrupts to be recognized.
2. 10CA<5:4> always reads ‘1’ in XT, HS and LP Oscillator modes.

© 2009 Microchip Technology Inc. DS41288F-page 35
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REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (CONTINUED)

bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMRICS = 0:
This bit is ignored. Timerl uses the internal clock
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from T1CKI pin (on the rising edge)
0 = Internal clock
If TMR1ACS = 0:
FOSC/4
If TMR1ACS = 1:
FOSC
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Note 1. TI1GINV bit inverts the Timerl gate logic, regardless of source.

2:  TMR1GE bit must be set to use either T1G pin or C20UT, as selected by the T1GSS bit of the CM2CON1
register, as a Timerl gate source.

© 2009 Microchip Technology Inc. DS41288F-page 53
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REGISTER 8-2: CM2CONO: COMPARATOR 2 CONTROL REGISTER O

R/W-0

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

R/W-0 R/W-0

C20N

c20uT C20E C2POL = C2R

C2CH1 C2CHO

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

Note 1:

C20N: Comparator C2 Enable bit
1 = Comparator C2 is enabled
0 = Comparator C2 is disabled
C20UT: Comparator C2 Output bit

If C2POL = 1 (inverted polarity):
C20UT =0 when C2VIN+ > C2VIN-
C20UT =1 when C2VIN+ < C2VIN-
If C2POL = 0_(non-inverted polarity):
C20UT =1 when C2VIN+ > C2VIN-
C20UT =0 when C2VIN+ < C2VIN-

C20E: Comparator C2 Output Enable bit

1 = C20UT is present on C20UT pinY
0 = C20UT is internal only

C2POL: Comparator C2 Output Polarity Select bit

1 = C20UT logic is inverted
0 = C20UT logic is not inverted

Unimplemented: Read as ‘0’

C2R: Comparator C2 Reference Select bits (non-inverting input)
1 = C2VIN+ connects to C2VREF

0 = C2VIN+ connects to C2IN+ pin

C2CH<1:0>: Comparator C2 Channel Select bits

00 = C2VIN- pin of C2 connects to C12INO-

01 = C2VIN- pin of C2 connects to C12IN1-

10 = C2VIN- pin of C2 connects to C12IN2-
11 = C2VIN- pin of C2 connects to C12IN3-

Comparator output requires the following three conditions: C20E = 1, C20N
TRIS bit = 0.

= 1 and corresponding port

© 2009 Microchip Technology Inc.
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10.4.2 FULL-BRIDGE MODE

In Full-Bridge mode, all four pins are used as outputs.
An example of full-bridge application is shown in
Figure 10-10.

In the Forward mode, pin CCP1/P1A is driven to its
active state, pin P1D is modulated, while P1B and P1C
will be driven to their inactive state as shown in Figure 10-
11.

In the Reverse mode, P1C is driven to its active state,
pin P1B is modulated, while P1A and P1D will be driven
to their inactive state as shown Figure 10-11.

P1A, P1B, P1C and P1D outputs are multiplexed with
the PORT data latches. The associated TRIS bits must
be cleared to configure the P1A, P1B, P1C and P1D
pins as outputs.

FIGURE 10-10: EXAMPLE OF FULL-BRIDGE APPLICATION
V+
FET QA ' QC FET
Driver Driver
™S~ |t my| ]
P1A L~ |t} {ﬁ| <
p1e ¢—{oad —
FET FET
Driver ] Driver
™S e e
L ha ——
P1C 0B ) o
V_
P1D a
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12.4 Interrupts

The PIC16F610/616/16HV610/616 has multiple

sources of interrupt:

» External Interrupt RA2/INT

 Timer0 Overflow Interrupt

* PORTA Change Interrupts

« 2 Comparator Interrupts

* A/D Interrupt (PIC16F616/16HV616 only)

» Timerl Overflow Interrupt

» Timer2 Match Interrupt (PIC16F616/16HV616 only)

* Enhanced CCP Interrupt (PIC16F616/16HV616
only)

The Interrupt Control register (INTCON) and Peripheral

Interrupt Request Register 1 (PIR1) record individual

interrupt requests in flag bits. The INTCON register
also has individual and global interrupt enable bits.

The Global Interrupt Enable bit, GIE of the INTCON
register, enables (if set) all unmasked interrupts, or
disables (if cleared) all interrupts. Individual interrupts
can be disabled through their corresponding enable
bits in the INTCON register and PIE1 register. GIE is
cleared on Reset.

When an interrupt is serviced, the following actions
occur automatically:

* The GIE is cleared to disable any further interrupt.

e The return address is pushed onto the stack.

* The PC is loaded with 0004h.

The Return from Interrupt instruction, RETFI E, exits

the interrupt routine, as well as sets the GIE bit, which
re-enables unmasked interrupts.

The following interrupt flags are contained in the INT-
CON register:

e INT Pin Interrupt

* PORTA Change Interrupt

 Timer0 Overflow Interrupt

The peripheral interrupt flags are contained in the

special register, PIR1. The corresponding interrupt
enable bit is contained in special register, PIEL.

The following interrupt flags are contained in the PIR1
register:

« A/D Interrupt

2 Comparator Interrupts

e Timerl Overflow Interrupt

« Timer2 Match Interrupt

* Enhanced CCP Interrupt

For external interrupt events, such as the INT pin or
PORTA change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends upon when the interrupt event occurs (see
Figure 12-8). The latency is the same for one or two-
cycle instructions. 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 multiple interrupt
requests.

Note 1: Individual interrupt flag bits are set,
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The interrupts, which were
ignored, are still pending to be serviced
when the GIE bit is set again.

For additional information on Timerl, Timer2,
comparators, ADC, Enhanced CCP modules, refer to
the respective peripheral section.

1241 RA2/INT INTERRUPT

The external interrupt on the RA2/INT pin is edge-
triggered; either on the rising edge if the INTEDG bit of
the OPTION register is set, or the falling edge, if the
INTEDG bit is clear. When a valid edge appears on the
RA2/INT pin, the INTF bit of the INTCON register is set.
This interrupt can be disabled by clearing the INTE
control bit of the INTCON register. The INTF bit must
be cleared by software in the Interrupt Service Routine
before re-enabling this interrupt. The RA2/INT interrupt
can wake-up the processor from Sleep, if the INTE bit
was set prior to going into Sleep. See Section 12.7
“Power-Down Mode (Sleep)” for details on Sleep and
Figure 12-9 for timing of wake-up from Sleep through
RA2/INT interrupt.

Note:  The ANSEL register must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs will
read ‘0’ and cannot generate an interrupt.

DS41288F-page 118
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13.0 INSTRUCTION SET SUMMARY

The PIC16F610/616/16HV610/616 instruction set is
highly orthogonal and is comprised of three basic
categories:

» Byte-oriented operations
 Bit-oriented operations
 Literal and control operations

Each PIC16 instruction is a 14-bit word divided into an
opcode, which specifies the instruction type and one or
more operands, which further specify the operation of
the instruction. The formats for each of the categories
is presented in Figure 13-1, while the various opcode
fields are summarized in Table 13-1.

Table 13-2 lists the instructions recognized by the
MPASM™ assembler.

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

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

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

For literal and control operations, 'k’ represents an
8-bit or 11-bit constant, or literal value.

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a normal
instruction execution time of 1 us. All instructions are
executed within a single instruction cycle, unless a
conditional test is true, or the program counter is
changed as a result of an instruction. When this occurs,
the execution takes two instruction cycles, with the
second cycle executed as a NOP.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

13.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (RMW)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a CLRF PORTA instruction will read
PORTA, clear all the data bits, then write the result
back to PORTA. This example would have the unin-
tended consequence of clearing the condition that set
the RAIF flag.

TABLE 13-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)

Bit address within an 8-bit file register

f
W | Working register (accumulator)
b
k

Literal field, constant data or label

x | Don't care location (= 0 or 1).

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

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

PC | Program Counter

TO | Time-out bit

C | Carry bit
DC | Digit carry bit
Zero bit

PD | Power-down bit

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

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

Bit-oriented file register operations
13 109 76 0
OPCODE |b (BIT #)| f (FILE #)

3-bit address
7-bit file register address

b=
f=
Literal and control operations
General

13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

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

k = 11-bit immediate value

© 2009 Microchip Technology Inc.
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13.2 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 e [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 f,b

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.
BTFSC Bit Test f, Skip if Clear
Syntax: [label ] BTFSC f,b
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) =0
Status Affected: None
Description: If bit ‘b’ in register ‘f' is ‘1’, the next

instruction is executed.

If bit ‘b’ in register ‘' is ‘0’, the next
instruction is discarded, and a NOP
is executed instead, making this a
two-cycle instruction.

© 2009 Microchip Technology Inc.
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BTFSS Bit Test f, Skip if Set

Syntax: [label ] BTFSS f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =1

Status Affected: None

Description: If bit ‘b’ in register ‘" is ‘0", the next
instruction is executed.
If bit ‘b’ is ‘1", then the next
instruction is discarded and a NOP
is executed instead, making this a
two-cycle instruction.

CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0<k<2047

Operation: (PC)+ 1—> TOS,
k - PC<10:0>,
(PCLATH<4:3>) - PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return
address (PC + 1) is pushed onto
the stack. The eleven-hit
immediate address is loaded into
PC bits <10:0>. The upper bits of
the PC are loaded from PCLATH.
CALL is a two-cycle instruction.

CLRF Clear f

Syntax: [label ] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
157

Status Affected: Z

Description: The contents of register ‘f’ are
cleared and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h —» (W)
A

Status Affected: Z

Description: W register is cleared. Zero bit (Z)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h - WDT
0 — WDT prescaler,
1-T0
1—->PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets the
prescaler of the WDT..
Status bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF f,d

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

Operation: (f) - (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the
result is stored in W. If ‘'d" is ‘1’,
the result is stored back in
register ‘f'.

DECF Decrement f

Syntax: [label] DECFfd

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

Operation: (f) - 1 — (destination)

Status Affected: Z

Description: Decrement 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'.
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15.6 DC Characteristics: PIC16HV610/616- | (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature  -40°C < Ta < +85°C for industrial

Pzrgm Device Characteristics | Min | Typt | Max | Units Conditions
: VDD Note
D020 Power-down Base — 135 200 pA 2.0 |WDT, BOR, Comparators, VREF and
Current(Ipp)@3) T10SC disabled
— 210 280 pA 3.0
PIC16HV610/616 — 260 350 pA 45

D021 — | 135 | 200 A 2.0 |wWDT Current
— 210 285 pA 3.0
— 265 360 pA 45

D022 — | 215 | 285 A 3.0 |BOR Current
— 265 360 pA 45

D023 — | 240 | 340 nA 2.0 |Comparator Current®, both
— 320 420 A 3.0 |comparators enabled
— 370 500 pA 4.5

D024 — 185 270 pA 2.0 |Comparator Current, single
— 265 350 A 3.0 |comparator enabled
— 320 430 pA 4.5

D025 — 165 | 235 nA 2.0 |cVrer Current® (high range)
— 255 330 pA 3.0
— 330 430 pA 4.5

D026* — | 175 | 245 A 2.0 |cvrer Ccurrent® (low range)
— 275 350 pA 3.0
— 355 450 pA 4.5

D027 — | 140 | 205 A 2.0 |T10Sc current®, 32.768 kHz
— 220 290 pA 3.0
— 270 360 pA 45

D028 — 210 280 pA 3.0 |A/D current®, no conversion in
— 260 350 pA 45 |Progress

* These parameters are characterized but not tested.

T Datain “Typ” column is at 4.5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

Note 1: 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.

2. 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.

3:  Shunt regulator is always enabled and always draws operating current.

© 2009 Microchip Technology Inc.
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15.9

DC Characteristics:

PIC16F610/616/16HV610/616- I (Industrial)

PIC16F610/616/16HV610/616 - E (Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial

Operating temperature

-40°C < TA < +125°C for extended

Pilr:m Sym Characteristic Min Typt Max Units Conditions
Capacitive Loading Specs on
D101* |COSC2 |Output Pins — — 15 pF |In XT, HS and LP modes when
OSC2 pin external clock is used to drive
OscC1
D101A* |Cio All /O pins — — 50 pF
Program Flash Memory
D130 |EP Cell Endurance 10K 100K — E/W |-40°C < TA <+85°C
D130A |ED Cell Endurance 1K 10K — E/W [+85°C < TA<+125°C
D131 |VPR VDD for Read VMIN — 5.5 VvV [VMIN = Minimum operating
voltage
D132 |VPEW VDD for Erase/Write 4.5 — 5.5 \Y,
D133 |TPEwW Erase/Write cycle time — 2 25 ms
D134 |TRETD Characteristic Retention 40 — — Year |Provided no other
specifications are violated
* These parameters are characterized but not tested.
T Data in “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.
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TABLE 15-18: OSCILLATOR PARAMETERS FOR PIC16F616 — H (High Temp.)

Param Sym Characteristic Frequency Units | Min Typ Max Conditions
No. Tolerance
0S08 |INTosc |Int. Calibrated INTOSC +10% MHz 7.2 8.0 8.8 |2.0V<VDD<5.5V
Freq.(® -40°C < TA <150°C

Note 1: To ensure these oscillator frequency tolerances, VDD and Vss must be capacitively decoupled as close to
the device as possible. 0.1 pF and 0.01 pF values in parallel are recommended.

TABLE 15-19: COMPARATOR SPECIFICATIONS FOR PIC16F616 — H (High Temp.)

P;a\lr:m Sym Characteristic Units Min Typ Max Conditions
CMO01 |Vos Input Offset Voltage mV — +5 +20 |(VDD - 1.5)/2
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16.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein are
not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum” represents (mean + 3c) or (mean -
3o) respectively, where s is a standard deviation, over each temperature range.

FIGURE 16-1: PIC16F610/616 IDD LP (32 kHz) vs. VDD
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FIGURE 16-2: PIC16F610/616 IoD EC (1 MHz) vs. VDD
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FIGURE 16-8: PIC16F610/616 Ibop EXTRC (4 MHz) vs. VDD
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FIGURE 16-9: PIC16F610/616 IDD HS (20 MHz) vs. VDD
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FIGURE 16-37: VoL vs. loL OVER TEMPERATURE (VDD = 5.0V)
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FIGURE 16-38: VOH vs. loH OVER TEMPERATURE (VDD = 3.0V)
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FIGURE 16-43: MAXIMUM HFINTOSC START-UP TIMES vs. Vbb OVER TEMPERATURE
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FIGURE 16-44: MINIMUM HFINTOSC START-UP TIMES vs. Vbb OVER TEMPERATURE
10
9
\ Typical: Statistical Mean @25°C
8 Maximum: Mean (Worst-Case Temp) + 36 [—
(-40°C to 125°C)
7 \ \\
\ Ngsec
6 N\ ~.
o \\\ —~
= 25°C \
v 5 S~ —
£ 5 40°C \\ I
= -
4 \ >-§
3
2
1
0
2.0 2.5 3.0 3.5 4.0 45 5.0 5.5

© 2009 Microchip Technology Inc.

DS41288F-page 191



PIC16F610/616/16HV610/616

Initializing PORTC......ooiiiiiiieiiciee e 42

Saving Status and W Registers in RAM ................... 121
Code ProteCtion ..........ccceeviiieeiiiiie e 125
Comparator
C20UT as T1 Gate.....
Operation ........ccoceveeeneenn.
Operation DUring SIeep .........ccccceeviiiiiciiiiniieiiciiees 61
RESPONSE TIME ...t 59
Synchronizing COUT W/TIimerl ......cccocvvvviiieeiiieeennns 65
Comparator Analog Input Connection Considerations........ 64
Comparator HYSteresis .........occvevvieiiciicniienicecie e
Comparator Module ...........c.eeoviiiiiiiiieeie e

Associated registers.........ccocevcvevnicniiennene

C1 Output State Versus Input Conditions .
Comparator Voltage Reference (CVREF) ..........

Effects of a ReSet.........ccoeviiiiiiiiiicce
Comparator Voltage Reference (CVREF)

RESPONSE TIME ...ooiiiiiiiiiieii e 59
Comparator Voltage Reference (CVREF)

SPECIfiCALIONS ......veiiiiiiiiiiiec e 164
Comparators

C20UT as TL Gate .......cooceeiiiiiiriiiie e 50

Effects of a ReSet.........cccceiiiiiiiiiiiee 61

SPECIfICALIONS ...t 164

Compare Module. See Enhanced Capture/Compare/PWM
(ECCP)
CONFIG REQISIEN ....ceiiiriieiiiiie ettt 110
Configuration BitS...........ccviiiiiiiiiiic 109
CPU Features ..........ccoccveiiiiieniinnees .109
Customer Change Noatification Service .... 211
Customer Notification Service............... ..211
Customer SUPPOIT.....ccviiiiiiiie i 211
D
Data MEMOIY.....coiiiiiiieie e 14
DC and AC Characteristics

Graphs and Tables ...........cccooviiiiiiiiniiice, 173
DC Characteristics

Extended and Industrial ............cccceeviiieininnenne 153, 154

Industrial and Extended ............ccoccoviiiniiiniiciiccies 146
Development Support ........... ... 139
DEVICE OVEIVIEW ....co.eviiiiiiiieeiie et 9
E
ECCP. See Enhanced Capture/Compare/PWM
ECCPAS REQISIEr ..ottt 102
Effects of Reset

PWM MOE ...t 92
Electrical Specifications ..... ...143
Enhanced Capture/Compare/PWM...........cccoceevnieeiiiieennnns 85
Enhanced Capture/Compare/PWM (ECCP)

Enhanced PWM Mode .........ccccveiiiniiiniiieiicnccece 93
AUto-ReStart.........ccoveiiiii e 103
AULO-ShUtdOWN ... 102
Direction Change in Full-Bridge Output Mode .... 99
Full-Bridge Application ..........ccoccveeriieennieeeeiien. 97
Full-Bridge Mode...........cccooviiieiiiiieieece e 97
Half-Bridge Application ...........cccocvevieiiiennennnen. 96
Half-Bridge Application Examples..................... 104
Half-Bridge MOde .........ccooviiiiiniieciieeeee e 96
Output Relationships (Active-High and Active-Low)

94
Output Relationships Diagram ..........c.cccccevveeennne 95
Programmable Dead Band Delay .. ...104
Shoot-through Current ................... ...104
Start-up Considerations ...........cccoccvvevieeennneenn. 101

SPECIfICAtIONS .....evveiiiiiiiriicic e 163
TiMer RESOUICES ......veiiiiiiiiiiiieicee e 85

EXTAta ... 8

F

Firmware INStrUCIONS ........ovvviiiiiiiiiecee e 129

Fuses. See Configuration Bits

G

General Purpose Register File .........c.cccooiiiiiiiiiiciicnn, 14

H

High Temperature Operation ...........ccoccvervieeenieeessieee s 168

I

ID LOCALIONS ....covieiiiieee ettt 125

IN-Circuit DEDUGET ........ooiiiiiiiiieic e 126

In-Circuit Serial Programming (ICSP).......c.ccoviiniiiniennen. 126

Indirect Addressing, INDF and FSR registers... .. 24

Instruction Format. 129

Instruction Set....... 129
ADDLW ...t 131
ADDWEF ...ttt 131
ANDLW oot 131
ANDWE ... 131
MOVF 134

NOP ... 134
RETFIE ... 135
RETLW . 135
RETURN ..ot 135
RLF oo 136

XORLW .o 137
XORWE L.t 137
Summary Table ... 130
INTCON REQISLEN ...ttt 20
Internal Oscillator Block
INTOSC
SPECIficationS ........ccoveeiiiiieeir e 158, 159
Internal Sampling Switch (RssS) Impedance............c........... 81
Internet AdAress .........cooccieiiiiiic i 211
INEEITUPLS. ..o 118
ADC .o 76
Associated Registers..........cocceeviiiienieniic i 120

DS41288F-page 208

© 2009 Microchip Technology Inc.



