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3.3.5 STATUS REGISTER

The STATUS register, shown in Register 3-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction.

If the STATUS register is the destination for an
instruction that affects the Z, DC, C, OV or N bits, the
results of the instruction are not written; instead, the
STATUS register is updated according to the
instruction performed. Therefore, the result of an
instruction with the STATUS register as its destination
may be different than intended. As an example, CLRF
STATUS will set the Z bit and leave the remaining
Status bits unchanged (‘000u uluu’).

REGISTER 3-2: STATUS: STATUS REGISTER

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOWAF instructions are used to alter the STATUS
register, because these instructions do not affect the Z,
C, DC, OV or N bits in the STATUS register.

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 24-2 and
Table 24-3.

Note:  The C and DC bits operate as the borrow
and digit borrow bits, respectively, in

subtraction.

u-0 U-0 u-0 R/W-x

R/W-x R/W-x R/W-x R/W-x

— — — N

ov Z pc® c®

bit 7

bit 0

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

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’
bit 4 N: Negative bit

This bit is used for signed arithmetic (two’s complement). It indicates whether the result was negative

(ALU MSB =1).
1 = Result was negative
0 = Result was positive

bit 3 OV: Overflow bit

This bit is used for signed arithmetic (two’s complement). It indicates an overflow of the 7-bit
magnitude which causes the sign bit (bit 7 of the result) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred

bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions)(®)
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
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:

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.
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REGISTER 7-7: PIE2: PERIPHERAL INTERRUPT ENABLE (FLAG) REGISTER 2
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 U-0
OSCFIE C1IE C2IE EEIE BCLIE | — | TMRS3IE —
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 OSCFIE: Oscillator Fail Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2
bit 1

bit 0

1 = Enabled

0 = Disabled

C1IE: Comparator C1 Interrupt Enable bit
1 = Enabled

0 = Disabled

C2IE: Comparator C2 Interrupt Enable bit
1 = Enabled

0 = Disabled

EEIE: Data EEPROM/Flash Write Operation Interrupt Enable bit
1 = Enabled

0 = Disabled

BCLIE: Bus Collision Interrupt Enable bit
1= Enabled

0 = Disabled

Unimplemented: Read as ‘0’
TMRS3IE: TMR3 Overflow Interrupt Enable bit

1 = Enabled
0 = Disabled

Unimplemented: Read as ‘0’

DS40001365F-page 68
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8.0 I/OPORTS

There are up to three ports available. Some pins of the
I/O ports are multiplexed with an alternate function from
the peripheral features on the device. In general, when
a peripheral is enabled, that pin may not be used as a
general purpose 1/O pin.

Each port has three registers for its operation. These
registers are:
* TRIS register (data direction register)

» PORT register (reads the levels on the pins of the
device)

» LAT register (output latch)
The PORTA Data Latch (LATA register) is useful for

read-modify-write operations on the value that the 1/0
pins are driving.

A simplified model of a generic 1/O port, without the
interfaces to other peripherals, is shown in Figure 8-1.

FIGURE 8-1: GENERIC I/O PORT
OPERATION
e

RD LAT N
Data
Bus D Q } ° EZ'
WR LAT /0 pin(l)
or Port E CK_\_

Data Latch

o— D Q

WR TRIS ) KL

TRIS Latch Input
[ Buffer

]
RD TRIS ~

/‘ Q D

EN
RD Port >C _|

Note 1: /O pins have diode protection to VDD and Vss.

8.1 PORTA, TRISA and LATA Registers

PORTA is a 6-bit wide, bidirectional port, with the
exception of RA3, which is input-only and its TRIS bit
will always read as ‘1. The corresponding data
direction register is TRISA. Setting a TRISA bit (= 1)
will make the corresponding PORTA pin an input (i.e.,
disable the output driver). Clearing a TRISA bit (= 0)
will make the corresponding PORTA pin an output (i.e.,
enable the output driver and put the contents of the
output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it, will write to the PORT latch.

The PORTA Data Latch (LATA) register is also memory
mapped. Read-modify-write operations on the LATA
register read and write the latched output value for
PORTA.

All of the PORTA pins are individually configurable as
interrupt-on-change pins. Control bits in the IOCA
register enable (when set) or disable (when clear) the
interrupt function for each pin.

When set, the RABIE bit of the INTCON register
enables interrupts on all pins which also have their
corresponding IOCA bit set. When clear, the RABIE
bit disables all interrupt-on-changes.

Only pins configured as inputs can cause this interrupt
to occur (i.e., any pin configured as an output is
excluded from the interrupt-on-change comparison).

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
PORTA. The ‘mismatch’ outputs of the last read are
OR’d together to set the PORTA Change Interrupt flag
bit (RABIF) in the INTCON register.

© 2009-2016 Microchip Technology Inc.
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10.0 TIMER1 MODULE

The Timer1 timer/counter module incorporates the
following features:

» Software selectable operation as a 16-bit timer or
counter

» Readable and writable 8-bit registers (TMR1H
and TMR1L)

« Selectable internal or external clock source and
Timer1 oscillator options

* Interrupt-on-overflow

A simplified block diagram of the Timer1 module is
shown in Figure 10-1. A block diagram of the module’s
operation in Read/Write mode is shown in Figure 10-2.

Timer1 can also be used to provide Real-Time Clock
(RTC) functionality to applications with only a minimal
addition of external components and code overhead.

Timer1 is controlled through the T1CON Control
register (Register 10-1). It also contains the Timer1
Oscillator Enable bit (T1OSCEN). Timer1 can be
enabled or disabled by setting or clearing control bit,
TMR1ON of the T1CON register.

» Reset on CCP Special Event Trigger
» Device clock status flag (T1RUN)

REGISTER 10-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T1RUN T1CKPSA1 T1CKPSO0 | T10SCEN T1SYNC TMR1CS TMR10ON
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 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of TImer1 in one 16-bit operation
0 = Enables register read/write of Timer1 in two 8-bit operations
bit 6 T1RUN: Timer1 System Clock Status bit
1 = Main system clock is derived from Timer1 oscillator
0 = Main system clock is derived from another source
bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 T10OSCEN: Timer1 Oscillator Enable bit

1 = Timer1 oscillator is enabled

0 = Timer1 oscillator is shut off

The oscillator inverter and feedback resistor are turned off to eliminate power drain.
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Select bit

When TMR1CS =1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input

When TMR1CS =0:

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit

1 = External clock from the T13CKI pin (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1

DS40001365F-page 94 © 2009-2016 Microchip Technology Inc.
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12.2 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 12-2). When the RD16 control bit of the
T3CON register is set, the address for TMR3H is
mapped to a buffer register for the high byte of Timer3.
A read from TMR3L will load the contents of the high
byte of Timer3 into the Timer3 High Byte Buffer register.
This provides the user with the ability to accurately read
all 16 bits of Timer1 without having to determine
whether a read of the high byte, followed by a read of
the low byte, has become invalid due to a rollover
between reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

12.3 Using the Timerl Oscillator as the

Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timer1 oscillator is enabled by
setting the TTOSCEN bit of the T1CON register. To use
it as the Timer3 clock source, the TMR3CS bit must
also be set. As previously noted, this also configures
Timer3 to increment on every rising edge of the
oscillator source.

The Timer1 oscillator is described in Section 10.0
“Timerl Module”.

12.4 Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF of the PIR2
register. This interrupt can be enabled or disabled by
setting or clearing the Timer3 Interrupt Enable bit,
TMRS3IE of the PIE2 register.

12.5 Resetting Timer3 Using the CCP

Special Event Trigger

If CCP1 module is configured to use Timer3 and to
generate a Special Event Trigger in Compare mode
(CCP1M<3:0>), this signal will reset Timer3. It will also
start an A/D conversion if the A/D module is enabled
(see Section 16.2.8 “ Special Event Trigger” for more
information).

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPR1H:CCPR1L register
pair effectively becomes a period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timer3 coincides with a
Special Event Trigger from a CCP module, the write will
take precedence.

TABLE 12-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RABIE | TMROIF | INTOIF RABIF 245
IPR2 OSCFIP C1IP C2IP EEIP BCLIP — TMR3IP — 248
PIE2 OSCFIE C1IE C2IE EEIE BCLIE — TMR3IE — 248
PIR2 OSCFIF C1IF C2IF EEIF BCLIF — TMR3IF — 248
TMR3H Timer3 Register, High Byte 247
TMR3L Timer3 Register, Low Byte 247
TRISA — — TRISA5 | TRISA4 —@ TRISA2 | TRISA1 | TRISAO 248
T1CON RD16 T1RUN |T1CKPS1|T1CKPSO |[T1OSCEN| TISYNC | TMR1CS | TMR10ON 246
T3CON RD16 — T3CKPS1|T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON | 247
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.
Note 1: Unimplemented, read as ‘1'.

© 2009-2016 Microchip Technology Inc.
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13.4.6 PROGRAMMABLE DEAD-BAND
DELAY MODE

In half-bridge applications where all power switches are
modulated at the PWM frequency, the power switches
normally require more time to turn off than to turn on. If
both the upper and lower power switches are switched
at the same time (one turned on, and the other turned
off), both switches may be on for a short period of time
until one switch completely turns off. During this brief
interval, a very high current (shoot-through current) will
flow through both power switches, shorting the bridge
supply. To avoid this potentially destructive
shoot-through current from flowing during switching,
turning on either of the power switches is normally
delayed to allow the other switch to completely turn off.

In Half-Bridge mode, a digitally programmable
dead-band delay is available to avoid shoot-through
current from destroying the bridge power switches. The
delay occurs at the signal transition from the non-active
state to the active state. See Figure 13-14 for
illustration. The lower seven bits of the associated
PWM1CON register (Register 13-3) sets the delay
period in terms of microcontroller instruction cycles
(Tcy or 4 Tosc).

FIGURE 13-14: EXAMPLE OF
HALF-BRIDGE PWM
OUTPUT

Period Period

.. Pulse Width | :

P1A®) ! ’—‘ 1|

td

— e

|
I 1
| td 1
P1B@ | =
I
@)

1t
-

td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

FIGURE 13-15: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Standard Half-Bridge Circuit (“Push-Pull”)
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14.3.10  1°C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the Buffer Full flag bit, BF, and allow the Baud Rate
Generator to begin counting and start the next
transmission. Each bit of address/data will be shifted
out onto the SDA pin after the falling edge of SCL is
asserted (see data hold time specification
parameter SP106). SCL is held low for one Baud Rate
Generator rollover count (TBRG). Data should be valid
before SCL is released high (see data setup time
specification parameter SP107). When the SCL pin is
released high, it is held that way for TBRG. The data on
the SDA pin must remain stable for that duration and
some hold time after the next falling edge of SCL. After
the eighth bit is shifted out (the falling edge of the eighth
clock), the BF flag is cleared and the master releases
SDA. This allows the slave device being addressed to
respond with an ACK bit during the ninth bit time if an
address match occurred, or if data was received
properly. The status of ACK is written into the ACKDT
bit on the falling edge of the ninth clock. If the master
receives an Acknowledge, the Acknowledge Status bit,
ACKSTAT, is cleared. If not, the bit is set. After the ninth
clock, the SSPIF bit is set and the master clock (Baud
Rate Generator) is suspended until the next data byte
is loaded into the SSPBUF, leaving SCL low and SDA
unchanged (Figure 14-21).

After the write to the SSPBUF, each bit of the address
will be shifted out on the falling edge of SCL until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
deassert the SDA pin, allowing the slave to respond
with an Acknowledge. On the falling edge of the ninth
clock, the master will sample the SDA pin to see if the
address was recognized by a slave. The status of the
ACK bit is loaded into the ACKSTAT Status bit of the
SSPCONZ2 register. Following the falling edge of the
ninth clock transmission of the address, the SSPIF is
set, the BF flag is cleared and the Baud Rate Generator
is turned off until another write to the SSPBUF takes
place, holding SCL low and allowing SDA to float.

14.3.10.1 BF Status Flag

In Transmit mode, the BF bit of the SSPSTAT register
is set when the CPU writes to SSPBUF and is cleared
when all 8 bits are shifted out.

14.3.10.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared by software before the next
transmission.

14.3.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit of the SSPCON2
register is cleared when the slave has sent an
Acknowledge (ACK =0) and is set when the slave
does not Acknowledge (ACK = 1). A slave sends an
Acknowledge when it has recognized its address
(including a general call), or when the slave has
properly received its data.

14.3.11  1°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN bit of the SSPCON2
register.

Note: The MSSP module must be in an Idle
state before the RCEN bit is set or the
RCEN bit will be disregarded.

The Baud Rate Generator begins counting and on each
rollover, the state of the SCL pin changes
(high-to-low/low-to-high) and data is shifted into the
SSPSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the
contents of the SSPSR are loaded into the SSPBUF,
the BF flag bit is set, the SSPIF flag bit is set and the
Baud Rate Generator is suspended from counting,
holding SCL low. The MSSP is now in Idle state
awaiting the next command. When the buffer is read by
the CPU, the BF flag bit is automatically cleared. The
user can then send an Acknowledge bit at the end of
reception by setting the Acknowledge Sequence
Enable, ACKEN bit of the SSPCONZ2 register.

14.3.11.1  BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

14.3.11.2 SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

14.3.11.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn’t occur).

© 2009-2016 Microchip Technology Inc.
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14.3.17.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is deasserted, SCL is sampled
low before SDA goes high.

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD and
counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0’ (Figure 14-31). If the SCL pin is
sampled low before SDA is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 14-32).

FIGURE 14-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG ‘ SDA sampled
low after TBRG,
_______________ set BCLIF
SDA
SDA asserted low
SCL
PEN 4 L
BCLIF
P ‘0’
SSPIF 0
FIGURE 14-32: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG ‘ TBRG |
SDA
T Assert SDA SCL goes low before SDA goes high,
set BCLIF
SCL \/
PEN 4 L
BCLIF
P ‘0’
SSPIF 0
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FIGURE 23-4: EXTERNAL BLOCK TABLE READ (EBTRn) DISALLOWED
Register Values Program Memory Configuration Bit Settings
000000h
WRTB, EBTRB =11
0007FFh
000800h
TBLPTR = 0008FFh
WRTO, EBTRO =10
001FFFh
002000h
PC = 003FFEh TBLRD* WRT1, EBTR1 =11
003FFFh
004000h
WRT2, EBTR2 =11
005FFFh
006000h
WRT3, EBTR3 =11
007FFFh
Results: All table reads from external blocks to Blockn are disabled whenever EBTRn = 0.
TABLAT register returns a value of ‘0’.

FIGURE 23-5: EXTERNAL BLOCK TABLE READ (EBTRn) ALLOWED
Register Values Program Memory Configuration Bit Settings
000000h
WRTB, EBTRB =11
0007FFh
000800h
PC = 001FFEh TBLRD* 001FFFh
002000h
WRT1, EBTR1 =11
003FFFh
004000h
WRT2, EBTR2 =11
005FFFh
006000h
WRT3, EBTR3 =11
007FFFh
Results: Table reads permitted within Blockn, even when EBTRBn = 0.
TABLAT register returns the value of the data at the location TBLPTR.
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RETFIE Return from Interrupt
Syntax: RETFIE {s}
Operands: s €[0,1]
Operation: (TOS) —» PC,
1 — GIE/GIEH or PEIE/GIEL,
ifs=1
(WS) > W,
(STATUSS) — Status,
(BSRS) — BSR,
PCLATU, PCLATH are unchanged.
Status Affected: GIE/GIEH, PEIE/GIEL
Encoding: | 0000 | 0000 [ 0001 [ ooos |
Description: Return from interrupt. Stack is popped
and Top-of-Stack (TOS) is loaded into
the PC. Interrupts are enabled by
setting either the high or low priority
global interrupt enable bit. If 's’ = 1, the
contents of the shadow registers, WS,
STATUSS and BSRS, are loaded into
their corresponding registers, W,
Status and BSR. If ‘'s’ = 0, no update of
these registers occurs (default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No POP PC
operation operation from stack
Set GIEH or
GIEL
No No No No
operation operation operation operation
Example: RETFIE 1
After Interrupt
PC = TOS
w = WS
BSR = BSRS
Status =  STATUSS

GIE/GIEH, PEIE/GIEL

1

RETLW Return literal to W
Syntax: RETLW k
Operands: 0<k<255
Operation: k— W,
(TOS) —» PC,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: | 0000 [ 1100 | kkkk | kkkk |
Description: W is loaded with the 8-bit literal ‘k’. The
program counter is loaded from the top
of the stack (the return address). The
high address latch (PCLATH) remains
unchanged.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process POP PC
literal 'k’ Data from stack,
Write to W
No No No No
operation operation operation operation
Example:
CALL TABLE ; w contains table
; offset value
W now has
tabl e val ue
TABLE
ADDWF PCL w = of fset
RETLW kO Begin table
RETLW k1
RETLW kn End of table

Before Instruction

W

W

= 07h
After Instruction
= value of kn

DS40001365F-page 296
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SLEEP Enter Sleep mode
Syntax: SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT postscaler,
1-T0,
0—>PD
Status Affected: T0,PD
Encoding: \ 0000 | 0000 \ 0000 \ 0011 |
Description: The Power-down Status bit (P_D) is
cleared. The Time-out Status bit (TO)
is set. Watchdog Timer and its posts-
caler are cleared.
The processor is put into Sleep mode
with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process Go to
operation Data Sleep
Example: SLEEP
Before Instruction
0 = 2
PD = ?
After Instruction
70 = 1t
PD = 0

1 If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with borrow
Syntax: SUBFWB f{,d{,a}}
Operands: 0<f<255
d e[0,1]
ae[0,1]
Operation: (W) = (f) - (C) — dest
Status Affected: N, OV, C,DC, zZ
Encoding: | o101 | o1da [ fff | ffff |
Description: Subtract register ‘f and CARRY flag
(borrow) from W (2’s complement
method). If ‘d’is ‘0’, the result is stored
in W. If ‘'d’ is ‘1’, the result is stored in
register ‘f’ (default).
If ‘a’ is ‘0’, the Access Bank is
selected. If ‘a’ is ‘1", the BSR is used
to select the GPR bank (default).
If ‘a’is ‘0’ and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever
f <95 (5Fh). See Section 24.2.3
“Byte-Oriented and Bit-Oriented
Instructions in Indexed Literal Offset
Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
Example 1: SUBFV\B REG 1, O
Before Instructiol
REG = 3
w = 2
C = 1
After Instruction
REG = FF
w = 2
C = 0
V4 = 0
N = 1 ;resultis negative
Example 2: SUBFW\B REG 0, O
Before Instruction
= 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
Z = 0
N = 0 ;resultis positive
Example 3: SUBFWB REG 1, O
Before Instruction
= 1
w = 2
C = 0
After Instruction
RE = 0
w = 2
C = 1
Zz = 1 ;resultis zero
N = 0
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TABLE 26-2: RC RUN SUPPLY CURRENT

PIC18LE1XK?22 Standard Operating Conditions (unless otherwise stated)
PIC18F1XK22 Standard Operating Conditions (unless otherwise stated)
Pall\zzlm. Device Characteristics Typ. | Max. | Units Conditions
D008 Supply Current (Ibp)-24.5 | 6 9 BA -40°C
7 10 pA +25°C
VDD = 1.8V
8 14 pA +85°C @
1 17 WA +125°C Fosc = 31 kHz
" (RC_RUN mode,
DO0BA L 15 | vA -40°C LFINTOSC source)
12 16 pA +25°C
VDD = 3.0V
13 25 pA +85°C
17 28 pA +125°C
D008 22 45 pA -40°C
23 48 pA +25°C
VDD = 2.3V
25 50 pA +85°C
28 55 pA +125°C
DO08A 25 50 pA -40°C ”
27 | 55 | A +25°C Fosc = 31 kHz*)
S VbD = 3.0V (RC_RUN mode,
30 60 HA +85°C LFINTOSC source)
32 75 pA +125°C
D008B 30 55 pA -40°C
33 60 pA +25°C
VDD = 5.0V
37 65 pA +85°C
40 80 pA +125°C
D009 0.4 0.5 mA | -40°C to +125°C VDD = 1.8V Fosc = 1 MHz
(RC_RUN mode,
DO009A 0.6 0.8 mA -40°C to +125°C VDD = 3.0V HFEINTOSC SOUFCG)
D009 045 | 0.55 | mA | -40°C to +125°C VDD = 2.3V FOSC = 1 MHz
DO09A 0.60 | 0.82 | mA | -40°C to +125°C VDD = 3.0V (RC_RUN mode,
D009B 080 | 1.0 | mA | -40°Cto+125°C | VDD =5.0V HFINTOSC source)
D010 1.9 25 mA | -40°C to +125°C VDD = 1.8V Fosc = 16 MHz
(RC_RUN mode,
DO10A 3.5 4.4 mA | -40°C to +125°C VDD = 3.0V HF-INTOSC source)
D010 24 3.5 mA | -40°C to +125°C VDD = 2.3V Fosc = 16 MHz
DO010A 3.5 4.6 mA | -40°C to +125°C VDD = 3.0V (RC_RUN mode,
D010B 37 | 47 | mA | -40°Cto+125°C | VDD =5.0V HF-INTOSC source)

*  These parameters are characterized but not tested.
Note 1: 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 VDD; MCLR = VVDD; WDT disabled.

2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/O pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current
consumption.

3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kQ.

4:  FVR and BOR are disabled.

5:  When a single temperature range is provided for a parameter, the specification applies to both industrial and extended
temperature devices.
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TABLE 26-9: /O PORTS (CONTINUED)

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Pa;\:zlm. Sym. Characteristic Min. Typ.t Max. Units Conditions
VoL Output Low Voltage®™®
D080 1/0 ports Vss+0.6 loL =8 mA, VDD = 5V
— — Vss+0.6 V |loL=6 mA, VDD = 3.3V
Vss+0.6 loL =3 mA, VDD = VDDMIN
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 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: Including OSC2 in CLKOUT mode.
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TABLE 26-9: 1/O PORTS (CONTINUED)

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Pa;\:zm. Sym. Characteristic Min. Typ.T Max. Units Conditions
VOH Output High Voltage®
D090 1/0 ports VDD-0.7 IoH = 3.5 mA, VDD = 5V
VDD-0.7 — — V |loH =3 mA, VbD = 3.3V
VDD-0.7 IOH =2 mA, VDD = VDDMIN
Capacitive Loading Specs on Output Pins
D101* | COSC2 | OSC2 pin — — 15 pF | In XT, HS and LP modes when
external clock is used to drive
0OSC1
D101A* | Cio All'1/O pins — — 50 pF
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 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: Including OSC2 in CLKOUT mode.
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26.4 Timing Parameter Symbology

The timing parameter symbols have been created with

one of the following formats:

1. TppS2ppS

2. TppS

T
F Frequency T Time
Lowercase letters (pp) and their meanings:

pp
cc CCP1 osc OSCH1
ck CLKOUT rd RD
cs [ w RD or WR
di SDI sC SCK
do SDO ss Ss
dt Data in t0 TOCKI
io 1/0 PORT t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:

S
F Fall P Period
H High R Rise
| Invalid (High-impedance) \Y Valid
L Low Z High-impedance

FIGURE 26-7: LOAD CONDITIONS

Load Condition

Pin ]T CL
Vss

Legend: CL =50 pF for all pins, 15 pF for
OSC2 output
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TABLE 26-12: EXTERNAL CLOCK TIMING REQUIREMENTS

Pal\jim' Symbol Characteristic Min. Max. Units Conditions
1A Fosc External CLKIN DC 48 MHz |EC, ECIO Oscillator mode,
Frequency® (Extended Range Devices)
DC 64 MHz |EC, ECIO Oscillator mode,
(Industrial Range Devices)
Oscillator Frequency(l) DC 4 MHz |RC Oscillator mode
0.1 4 MHz |XT Oscillator mode
4 25 MHz |HS Oscillator mode
4 16 MHz [HS + PLL Oscillator mode,
(Industrial Range Devices)
4 12 MHz [HS + PLL Oscillator mode,
(Extended Range Devices)
5 33 kHz |LP Oscillator mode
1 Tosc External CLKIN Period) 20.8 — ns |EC, ECIO, Oscillator mode
(Extended Range Devices)
15.6 — ns |EC, ECIO, Oscillator mode,
(Industrial Range Devices)
Oscillator Period® 250 — ns |RC Oscillator mode
250 10,000 ns | XT Oscillator mode
40 250 ns |HS Oscillator mode
62.5 250 ns HS + PLL Oscillator mode,
(Industrial range devices)
83.3 250 ns |HS + PLL Oscillator mode,
(Extended Range Devices)
30 200 pus  |LP Oscillator mode
2 Tey Instruction Cycle Time® 62.5 — ns |Tcy = 4/Fosc
3 TosL, External Clock in (OSC1) 30 — ns |XT Oscillator mode
TosH High or Low Time 2.5 — ps  |LP Oscillator mode
10 — ns |HS Oscillator mode
4 TosR, External Clock in (OSC1) — 20 ns | XT Oscillator mode
TosF Rise or Fall Time — 50 ns |LP Oscillator mode
— 7.5 ns |HS Oscillator mode
Note 1: Instruction cycle period (TcY) equals four times the input oscillator time base period for all configurations

except PLL. All specified values are based on characterization data for that particular oscillator type under
standard operating conditions with the device executing code. Exceeding these specified limits may result
in an unstable oscillator operation and/or higher than expected current consumption. All devices are tested
to operate at “min.” values with an external clock applied to the OSC1/CLKIN pin. When an external clock
input is used, the “max.” cycle time limit is “DC” (no clock) for all devices.

© 2009-2016 Microchip Technology Inc. DS40001365F-page 341




PIC18(L)F1XK22

FIGURE 26-10: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

35
VDD /
: (C
R d ))
MCLR ; ' '
' <30 —,
Internal , .
POR . SS
33— : ((
PWRT . : ))
Time-out ' 32 . \
(- f ((
0OSsC ' ' ) )
Start-Up Time X
; ((
— ))
Internal Reset
. : : ((
Watchdog Timer ; . ) )
Reset® X ' 51
—='34 - 31A __.34:__
1/0 pins / )

Note 1: Asserted low.

FIGURE 26-11: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD

VBOR and VHYST

' (Device not in Brown-out Reset)

TBORREJ —' = .
' < 37 -

Reset : —
: . 33(1) I—

(due to BOR)

Note 1: 64 ms delay only if PWRTE bit in the Configuration Word register is programmed to ‘0’. 2 ms delay if PWRTE = 0.
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FIGURE 26-19: SPI SLAVE MODE TIMING (CKE = 0)

« /L
) .

. SP71_''_SP72_, i L :

' "
— - —_— -

. o ! SP7 sP7

— — —»' e

SP79 SP78
: o % L
SDO . MSb X bit6--;2---1 >< LSb I z
. : e )) —
' SP75, SP76 SP77
SDI bit 6 - - 5+1 LSb In

. _SP74_
'« SP73

Note: Refer to Figure 26-7 for load conditions.

FIGURE 26-20: SPI SLAVE MODE TIMING (CKE = 1)

TSP71 T sPT2

SCK

(CKP =1)

SDO
' ¥ - SP77
: SP75, SP76 oo

Spl MSbin bit 6 - - <21 LSb In

' SP74

Note: Refer to Figure 26-7 for load conditions.
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FIGURE 27-9:

PIC18LF1XK22 TYPICAL PRI_RUN IpD (EC)

Ibb (MA)
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FIGURE 27-10:

PIC18LF1XK22 TYPICAL PRI_RUN IDD (HS + PLL)
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