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PIC18F87J10 FAMILY
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PIC18F65J10 32K 16384 2048 50 1" 2/3 2 Y Y 2 2 2/3 N
PIC18F65J15 48K 24576 2048 50 " 2/3 2 Y Y 2 2 2/3 N
PIC18F66J10 64K 32768 2048 50 " 2/3 2 Y Y 2 2 2/3 N
PIC18F66J15 96K 49152 3936 50 " 2/3 2 Y Y 2 2 2/3 N
PIC18F67J10 | 128K 65536 3936 50 " 2/3 2 Y Y 2 2 2/3 N
PIC18F85J10 32K 16384 2048 66 15 2/3 2 Y Y 2 2 2/3 Y
PIC18F85J15 48K 24576 2048 66 15 2/3 2 Y Y 2 2 2/3 Y
PIC18F86J10 64K 32768 2048 66 15 2/3 2 Y Y 2 2 2/3 Y
PIC18F86J15 96K 49152 3936 66 15 2/3 2 Y Y 2 2 2/3 Y
PIC18F87J10 | 128K 65536 3936 66 15 2/3 2 Y Y 2 2 2/3 Y
Pin Diagrams
64-Pin TQFP . [] Pins are up to 5.5V tolerant
s <5
K 3o
e R
g oo |(/J
om X DD DD
8 &2 TARIERER
|58£990w DDDDHDDDND
caaddamg goggagaad
AN M T IO OO N0 n = N O < 10 © N~
LUuwuwwwwooonwOOooOoonoan
redererere >>rere ooy e o
O I8 3BBLBEBIBNG I
RE1/WR/P2C == 1 48 =1 RBO/INTO/FLTO
REO/RD/P2D I 2 47 =1 RB1/INT1
RGO/ECCP3/P3A ] 3 46 =1 RB2/INT2
RG1/TX2/CK2 ] 4 45 =1 RB3/INT3
RG2/RX2/DT2 == 5 44 =1 RB4/KBIO
RG3/CCP4/P3D ] 6 43 [ RB5/KBI1
MCLRC—] 7 42 =1 RB6/KBI2/PGC
RG4/CCP5/P1D =] 8 PIC18F6XJ10 41— vss
VssC_] 9 PIC18F6XJ15 40 1 OSC2/CLKO
VbDCcoRE/NcAP ] 10 39 1 OSC1/CLKI
RF7/SS1 I M 38— Vop
RF6/ANT1 ] 12 37 [ RB7/KBI3/PGD
RF5/AN10/CVREF ] 13 36 [ RC5/SDO1
RF4/AN9 ] 14 35 [—=3 RC4/SDI1/SDA1
RF3/AN8 ] 15 34 [==3 RC3/SCK1/SCL1
RF2/AN7/C10UT— 16 33 [ RC2/ECCP1/P1A
MO OO T~ AN MT W ONWOWMOO — AN
T T AN AN AN AN AN NN NANNOOM
= O oo fldsc2o29vasxges g o
oFSZLEEZZ25238§360
N>IT<LT3=2=3 SEaCsg
Oz s << < gk XX
o w z Z X ragxokox
Z << *aHDBR
< 39 Q0 Q0O
-~ < < O« X
w r x o =
[v'4 % S
OF
S
O
[v4

Note 1: The ECCP2/P2A pin placement depends on the setting of the CCP2MX Configuration bit.
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NOTES:
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3.7 Effects of Power-Managed Modes
on the Various Clock Sources

When PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSC1 pin is disabled. The OSC1 pin (and
OSC2 pin if used by the oscillator) will stop oscillating.

In  secondary clock modes (SEC_RUN and
SEC_IDLE), the Timer1 oscillator is operating and
providing the device clock. The Timer1 oscillator may
also run in all power-managed modes if required to
clock Timer1 or Timer3.

In RC_RUN and RC_IDLE modes, the internal oscilla-
tor provides the device clock source. The 31 kHz
INTRC output can be used directly to provide the clock
and may be enabled to support various special
features, regardless of the power-managed mode (see
Section 24.2 “Watchdog Timer (WDT)” through
Section 24.5 “Fail-Safe Clock Monitor” for more
information on WDT, Fail-Safe Clock Monitor and
Two-Speed Start-up).

If the Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents
have been stopped, Sleep mode achieves the lowest
current consumption of the device (only leakage
currents).

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The

Timer1 oscillator may be operating to support a
Real-Time Clock. Other features may be operating that
do not require a device clock source (i.e., MSSP slave,
PSP, INTx pins and others). Peripherals that may add
significant current consumption are listed in
Section 27.2 “DC Characteristics: Power-Down and
Supply Current”.

3.8 Power-up Delays

Power-up delays are controlled by two timers, so that
no external Reset circuitry is required for most applica-
tions. The delays ensure that the device is kept in
Reset until the device power supply is stable under
normal circumstances and the primary clock is operat-
ing and stable. For additional information on power-up
delays, see Section 5.5 “Power-up Timer (PWRT)”.

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 27-12). It is always enabled.

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal oscillator is stable (HS modes). The OST does
this by counting 1024 oscillator cycles before allowing
the oscillator to clock the device.

There is a delay of interval, TcsD (parameter 38,
Table 27-12), following POR, while the controller
becomes ready to execute instructions.

TABLE 3-3: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
Oscillator Mode OSC1 Pin OSC2 Pin
EC, ECPLL Floating, pulled by external clock At logic low (clock/4 output)
HS, HSPLL Feedback inverter disabled at quiescent Feedback inverter disabled at quiescent
voltage level voltage level

Note: See Table 5-2 in Section 5.0 “Reset” for time-outs due to Sleep and MCLR Reset.

© 2009 Microchip Technology Inc.
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5.6

Most registers are unaffected by a Reset. Their status
is unknown on POR and unchanged by all other
Resets. The other registers are forced to a “Reset
state” depending on the type of Reset that occurred.

Reset State of Registers

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal
operation. Status bits from the RCON register, RI, TO,
PD, POR and BOR, are set or cleared differently in
different Reset situations, as indicated in Table 5-1.
These bits are used in software to determine the nature
of the Reset.

Table 5-2 describes the Reset states for all of the
Special Function Registers. These are categorized by
Power-on and Brown-out Resets, Master Clear and
WDT Resets and WDT wake-ups.

TABLE 5-1: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER
» Program RCON Register STKPTR Register
Condition c ") — — — —
ounter RI TO PD POR | BOR | STKFUL | STKUNF

Power-on Reset 0000h 1 0 0 0 0
RESET Instruction 0000h 0 u u u u u u
Brown-out 0000h 1 1 1 u 0 u u
MCLR during power-managed 0000h u 1 u u u u u
Run modes

MCLR during power-managed 0000h u 1 0 u u u u
Idle modes and Sleep mode

WDT time-out during full-power 0000h u 0 u u u u u
or power-managed Run modes

MCLR during full-power 0000h u u u u u u u
execution

Stack Full Reset (STVREN = 1) 0000h u u 1 u
Stack Underflow Reset 0000h u u u

(STVREN = 1)

Stack Underflow Error (not an 0000h u u u u u u 1
actual Reset, STVREN = 0)

WDT time-out during PC +2 u 0 0 u u u u
power-managed Idle or Sleep

modes

Interrupt exit from PC +2 u u 0 u u u u
power-managed modes

Legend:
Note 1:

u = unchanged

interrupt vector (0008h or 0018h).

When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the

DS39663F-page 52
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6.1.6.2 Return Stack Pointer (STKPTR)

The STKPTR register (Register 6-2) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bit. The value of
the Stack Pointer can be 0 through 31. The Stack
Pointer increments before values are pushed onto the
stack and decrements after values are popped off the
stack. On Reset, the Stack Pointer value will be zero.
The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System (RTOS) for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack Over-
flow Reset Enable) Configuration bit. (Refer to
Section 24.1 “Configuration Bits” for a description of
the device Configuration bits.) If STVREN is set
(default), the 31st push will push the (PC + 2) value
onto the stack, set the STKFUL bit and reset the
device. The STKFUL bit will remain set and the Stack
Pointer will be set to zero.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the Stack Pointer will increment to 31.
Any additional pushes will not overwrite the 31st push
and the STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and set the STKUNF bit, while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software or until a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset, as the contents
of the SFRs are not affected.

6.1.6.3

Since the Top-of-Stack is readable and writable, the
ability to push values onto the stack and pull values off
the stack, without disturbing normal program execu-
tion, is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

PUSH and POP Instructions

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by
decrementing the Stack Pointer. The previous value
pushed onto the stack then becomes the TOS value.

REGISTER 6-2: STKPTR: STACK POINTER REGISTER
R/C-0 R/C-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL™M | STKUNF(™ — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
Legend: C = Clearable bit
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 STKFUL: Stack Full Flag bit(")

1 = Stack became full or overflowed

0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit(")

1 = Stack underflow occurred
0 = Stack underflow did not occur

bit 5 Unimplemented: Read as ‘0’
bit 4-0 SP<4:0>: Stack Pointer Location bits

Note 1: Bit 7 and bit 6 are cleared by user software or by a POR.

DS39663F-page 64
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TABLE 6-4: REGISTER FILE SUMMARY (PIC18F87J10 FAMILY)

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘gl';eB‘(’)“R o'ze;:z:
TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000| 53,63
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000 | 53,63
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000 | 53,63
STKPTR STKFUL STKUNF — SP4 SP3 SP2 SP1 SPO 00-0 0000 | 53,64
PCLATU — — bit 21(" | Holding Register for PC<20:16> ---0 0000 | 53,63
PCLATH Holding Register for PC<15:8> 0000 0000 | 53,63
PCL PC Low Byte (PC<7:0>) 0000 0000 | 53,63
TBLPTRU — — bit 21 Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) --00 0000| 53,93
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 | 53,93
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000 | 53,93
TABLAT Program Memory Table Latch 0000 0000 | 53,93
PRODH Product Register High Byte xxxx xxxx | 53,107
PRODL Product Register Low Byte xxxx xxxx | 53,107
INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 53,111
INTCON2 RBPU INTEDGO | INTEDG1 INTEDG2 INTEDG3 TMROIP INT3IP RBIP 1111 1111 | 53,112
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF 1100 0000 | 53,113
INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) N/A 53,79
POSTINCO | Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) N/A 53, 80
POSTDECO | Uses contents of FSRO to address data memory — value of FSR0 post-decremented (not a physical register) N/A 53, 80
PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) N/A 53, 80
PLUSWO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) — N/A 53, 80

value of FSRO offset by W
FSROH — — — — Indirect Data Memory Address Pointer 0 High Byte ---- xxxx| 53,79
FSROL Indirect Data Memory Address Pointer O Low Byte xxxx xxxx [ 53,79
WREG Working Register XXXX XXXX 53
INDF1 Uses contents of FSR1 to address data memory — value of FSR1 not changed (not a physical register) N/A 53,79
POSTINC1 | Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) N/A 53, 80
POSTDEC1 | Uses contents of FSR1 to address data memory — value of FSR1 post-decremented (not a physical register) N/A 53, 80
PREINC1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) N/A 53, 80
PLUSW1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) — N/A 53, 80
value of FSR1 offset by W
FSR1H — | — | — | — | Indirect Data Memory Address Pointer 1 High Byte ---- xxxx | 53,79
FSR1L Indirect Data Memory Address Pointer 1 Low Byte xxxx xxxx | 53,79
BSR — | — | — | — | Bank Select Register ---- 0000| 53,68
INDF2 Uses contents of FSR2 to address data memory — value of FSR2 not changed (not a physical register) N/A 54,79
POSTINC2 | Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) N/A 54, 80
POSTDEC?2 | Uses contents of FSR2 to address data memory — value of FSR2 post-decremented (not a physical register) N/A 54, 80
PREINC2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) N/A 54, 80
PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) — N/A 54, 80
value of FSR2 offset by W
FSR2H — | — | — | — | Indirect Data Memory Address Pointer 2 High Byte ---—- xxxx | 54,79
FSR2L Indirect Data Memory Address Pointer 2 Low Byte xxxx xxxx | 54,79
STATUS — | — 1 = 1 ~ ] ov z DC c ——-x xxxx | 54,78
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition
Note 1: Bit 21 of the PC is only available in Serial Programming modes.
2:  These bits and/or registers are only available in 80-pin devices; otherwise, they are unimplemented and read as ‘0’. Reset values are
shown for 80-pin devices.
3:  This register and its bits are not implemented in 64-pin devices. In 80-pin devices, the bits are unwritable and read as ‘0’ in Microcontroller
4: 'ITP:;]:.LLEN bit is available only when either ECPLL or HSPLL Oscillator modes are selected; otherwise, the bit is read as ‘0’.
5: Reset value is ‘0’ when Two-Speed Start-up is enabled and ‘1’ if disabled.

© 2009 Microchip Technology Inc.
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10.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Enable registers (PIE1, PIE2, PIE3). When
IPEN = 0, the PEIE bit must be set to enable any of
these peripheral interrupts.

REGISTER 10-7: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE
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 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt
bit 6 ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit 5 RC1IE: EUSART1 Receive Interrupt Enable bit

1 = Enables the EUSART1 receive interrupt
0 = Disables the EUSART1 receive interrupt

bit 4 TX1IE: EUSART1 Transmit Interrupt Enable bit
1 = Enables the EUSART1 transmit interrupt
0 = Disables the EUSART1 transmit interrupt
bit 3 SSP1IE: Master Synchronous Serial Port 1 Interrupt Enable bit

1 = Enables the MSSP1 interrupt
0 = Disables the MSSP1 interrupt

bit 2 CCP1IE: ECCP1 Interrupt Enable bit

1 = Enables the ECCP1 interrupt
0 = Disables the ECCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

© 2009 Microchip Technology Inc. DS39663F-page 117
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REGISTER 10-8: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0 R/W-0 U-0 uU-0 R/W-0 uU-0 R/W-0 R/W-0
OSCFIE CMIE — — BCL1IE — TMR3IE CCP2IE
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
1 = Enabled
0 = Disabled
bit 6 CMIE: Comparator Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5-4 Unimplemented: Read as ‘0’
bit 3 BCLA1IE: Bus Collision Interrupt Enable bit (MSSP1 module)
1 = Enabled
0 = Disabled
bit 2 Unimplemented: Read as ‘0’
bit 1 TMR3IE: TMR3 Overflow Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 CCP2IE: ECCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled
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16.2 Timer4 Interrupt 16.3 Output of TMR4

The Timer4 module has an 8-Bit Period register, PR4, The output of TMR4 (before the postscaler) is used
which is both readable and writable. Timer4 increments only as a PWM time base for the CCP modules. It is not
from 00h until it matches PR4 and then resets to 00h on used as a baud rate clock for the MSSP as is the
the next increment cycle. The PR4 register is initialized Timer2 output.

to FFh upon Reset.

FIGURE 16-1: TIMER4 BLOCK DIAGRAM

4 . .
T40UTPS<3:0> - 1:11t0 1:16 [ Set TMR4IF
Postscaler

2 A

TACKPS<1:0> o TMR4 Output
(to PWM)
A TMR4/PR4
YReset Match

Fosc/4 — | 1:|13}'<ls:?:’al1e::6 4‘ TMR4 I::>| Comparator 4—“
@8 f 8
8 L} S

Internal Data Bus <

TABLE 16-1: REGISTERS ASSOCIATED WITH TIMER4 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 RBIE TMROIF INTOIF RBIF 53
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMRA4IP | CCP5SIP | CCP4IP | CCP3IP 55
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF | CCPSIF | CCP4IF | CCP3IF 55
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE | CCPSIE | CCP4IE | CCP3IE 55
TMR4  |Timer4 Register 57
T4CON — T40UTPS3|T4OUTPS2|T40UTPS1|T40OUTPS0| TMR4ON | TACKPS1 | TACKPSO 57
PR4 Timer4 Period Register 57

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer4 module.
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FIGURE 18-8: PWM DIRECTION CHANGE

SIGNAL <+——— Period) — > «—————  Period ——»

P1A (Active-High)

P1B (Active-High) .

P1C (Active-High)

P1D (Active-High) _ -

'«— DC —»!

!
'

Note 1: The direction bit in the ECCP1 Control register (CCP1CON<7>) is written at any time during the PWM cycle.
2: When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle at intervals
of 4 Tosc, 16 Tosc or 64 Tosc, depending on the Timer2 prescaler value. The modulated P1B and P1D signals
are inactive at this time.

FIGURE 18-9: PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE

Forward Period t1 Reverse Period
a > = -
P1AM : |
P1BM < DC -l
picth |
PIDM |4 oc .|
! > e ton®
External Switch C(1) : : |
: —» e tor®
External Switch D() : ro |
Potential : Ly |_| t = topr — ton®?)
Shoot-Through : —
Current(!) ' v
Note 1: All signals are shown as active-high.
2: toy is the turn-on delay of power switch, QC, and its driver.
3: torr is the turn-off delay of power switch, QD, and its driver.

© 2009 Microchip Technology Inc. DS39663F-page 187



PIC18F87J10 FAMILY

18.4.9 SETUP FOR PWM OPERATION

The following steps should be taken when configuring

the ECCPx module for PWM operation:

1. Configure the PWM pins, PxA and PxB (and
PxC and PxD, if used), as inputs by setting the
corresponding TRIS bits.

2. Set the PWM period by loading the PR2 (PR4)
register.

3. Configure the ECCPx module for the desired
PWM mode and configuration by loading the
CCPxCON register with the appropriate values:

» Select one of the available output
configurations and direction with the
PxM<1:0> bits.

» Select the polarities of the PWM output
signals with the CCPxM<3:0> bits.

4. Set the PWM duty cycle by loading the CCPRxL
register and the CCPxCON<5:4> bits.

5. For auto-shutdown:

« Disable auto-shutdown; ECCP1ASE = 0.

+ Configure auto-shutdown source.

+ Wait for Run condition.

6. For Half-Bridge Output mode, set the
dead-band delay by loading ECCPxDEL<6:0>
with the appropriate value.

7. If auto-shutdown operation is required, load the
ECCPXAS register:

+ Select the auto-shutdown sources using the
ECCPxAS<2:0> bits.

+ Select the shutdown states of the PWM
output pins using the PSSxAC<1:0> and
PSSxBD<1:0> bits.

» Set the ECCPxASE bit (ECCPxAS<7>).

8. If auto-restart operation is required, set the
PxRSEN bit (ECCPxDEL<7>).
9. Configure and start TMRx (TMR2 or TMR4):
+ Clear the TMRXx interrupt flag bit by clearing
the TMRXxIF bit (PIR1<1> for Timer2 or
PIR3<3> for Timer4).

+ Set the TMRx prescale value by loading the
TxCKPS bits (TXCON<1:0>).

» Enable Timer2 (or Timer4) by setting the
TMRxON bit (TxCON<2>).

10. Enable PWM outputs after a new PWM cycle

has started:

» Wait until TMRx overflows (TMRXxIF bit is set).

» Enable the ECCPx/PxA, PxB, PxC and/or
PxD pin outputs by clearing the respective
TRIS bits.

+ Clear the ECCPxASE bit (ECCPxAS<7>).

18.4.10 EFFECTS OF ARESET

Both Power-on Reset and subsequent Resets will force
all ports to Input mode and the ECCP registers to their
Reset states.

This forces the Enhanced CCP module to reset to a
state compatible with the standard CCP module.

© 2009 Microchip Technology Inc.
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19.4.3.2 Address Masking

Masking an address bit causes that bit to become a
“don’'t care”. When one address bit is masked, two
addresses will be Acknowledged and cause an
interrupt. It is possible to mask more than one address
bit at a time, which makes it possible to Acknowledge
up to 31 addresses in 7-bit mode and up to
63 addresses in 10-bit mode (see Example 19-2).

The I2C slave behaves the same way whether address
masking is used or not. However, when address
masking is used, the I°C slave can Acknowledge
multiple addresses and cause interrupts. When this
occurs, it is necessary to determine which address
caused the interrupt by checking SSPxBUF.

» 7-Bit Addressing mode

Address Mask bits, ADMSK<5:1>, mask the
corresponding address bits in the SSPxADD
register. For any ADMSK bits that are active
(ADMSK<x> = 1), the corresponding address bit is
ignored (ADD<x> = x). For the module to issue an
address Acknowledge, it is sufficient to match only
on addresses that do not have an active address
mask.

EXAMPLE 19-2: ADDRESS MASKING

» 10-Bit Addressing mode

Address Mask bits, ADMSK<5:2>, mask the
corresponding address bits in the SSPxADD
register. In addition, ADMSK<1> simultaneously
masks the two LSBs of the address, ADD<1:0>.
For any ADMSK bits that are active
(ADMSK<x> = 1), the corresponding address bit is
ignored (ADD<x> = x). Also note, that although in
10-Bit Addressing mode, the upper address bits
reuse part of the SSPxADD register bits; the
address mask bits do not interact with those bits.
They only affect the lower address bits.

Note 1: ADMSK<1> masks the two Least
Significant bits of the address.

2: The two Most Significant bits of the
address are not affected by address
masking.

7-Bit Addressing:
SSPxADD<7:1> =1010 0000
ADMSK<5:1> =00 111

10-Bit Addressing:

ADMSK<5:1> =00 111

Addresses Acknowledged = 0xAO0, 0xA2, 0xA4, OxA6
0xA8, OxAA, OxAC, OxAE

SSPxADD<7:0> =1010 0000 (The two MSbs are ignored in this example since they are not affected.)

Addresses Acknowledged = 0xAO, 0xA1, 0xA2, OxA3
0xA4, OxA5, 0xAB, 0xA7
0xA8, 0xA9, OxAA O0xAB
OxAC, 0xAD, OxAE, OxAF

The upper two bits are not affected by the address masking.
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FIGURE 19-29: BUS COLLISION DURING START CONDITION (SCLx = 0)
SDAx =0, SCLx=1
l— TBRG —¢— TBRG —
SDAX N
Set SEN, enable Start AN
SCLx sequence if SDAx =1, SCLx =1 >
v £ scix= o before SDAX = 0,
bus collision occurs. Set BCLxIF.
SEN
SCLx = 0 before BRG time-out, _l
bus collision occurs. Set BCLxIF.
BCLxIF | _
T_ Interrupt cleared
in software
s o ‘o
SSPxIF [0’ 0’
FIGURE 19-30: BRG RESET DUE TO SDAx ARBITRATION DURING START CONDITION
SDAx =0, SCLx=1
l Set S l Set SSPxIF
Less than TBRG - . ﬂ—_] Tore—|
SDAx SDAX pulled low by other rlnaster. | \ | !
Reset BRG and assert SDAX. | g | :
| ! |
I [ \
SCLx : LS | |
! ! L SCLx pulled low after BRG
SEN ‘ : time-out
Set SEN, enable Start
sequence if SDAx =1, SCLx =1 .
BCLxIF \ | 0
! |
! |
! |
S |
|
|
SSPxIF 1
SDAx=0,SCLx =1, Interrupts cleared
set SSPxIF — in software
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FIGURE 20-1: AUTOMATIC BAUD RATE CALCULATION

BRG vaive oo Y oooon | 0000000000 osien

\ ' Edge #1 'S Edge #2 Edge #3 Edge #4 Edge #5
RXx pin [ Start [Bito | _Bit1 [Bit2 | Bit3 [ Bit4 | Bit5 [ Bit6 |_Bit7 [ Stop Bit

BRG Clock

o Auto-Cleared

Set by User ! !

ABDEN bit N \ !

RCxIF bit X ! :

(Interrupt) ) | !

Read X : \ :

RCREGx ; T \ T
SPBRGx ' 't XXXXh X ' 1Ch
SPBRGHx XXXXh X 00h

Note: The ABD sequence requires the EUSART module to be configured in Asynchronous mode and WUE = 0.

FIGURE 20-2: BRG OVERFLOW SEQUENCE

BRG Clock I_I I_I I_I I_I I—I I—I I—I Bi I—I I—I I—I U”"ﬂ“ﬂ“ﬂ”””"ﬂ“”””ﬂ“ﬂ””
c

ABDEN bit / J
RXx pin Start Bit0

ABDOVF bit

I~

.

N
M

§

FFFFh

BRGValue [ xx00h | 00001 O O O 0 O 0 0

—
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REGISTER 21-3: ADCON2: A/D CONTROL REGISTER 2

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0
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 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified
bit 6 Unimplemented: Read as ‘0’
bit 5-3 ACQT<2:0>: A/D Acquisition Time Select bits
111 =20 TAaD
110 =16 TAD
101 =12 TAD
100 =8 TAD
011 =6 TaD
010 =4TaD
001 =2 TaD
000 =0 Tan("
bit 2-0 ADCS<2:0>: A/D Conversion Clock Select bits
111 = FRc (clock derived from A/D RC oscillator)(!)
110 = Fosc/64
101 = Fosc/16
100 = Fosc/4
011 = FRc (clock derived from A/D RC oscillator)(")
010 = Fosc/32
001 = Fosc/8
000 = Fosc/2

Note 1: Ifthe A/D FRC clock source is selected, a delay of one Tcy (instruction cycle) is added before the A/D clock
starts. This allows the SLEEP instruction to be executed before starting a conversion.
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After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 21.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed to
occur between setting the GO/DONE bit and the actual
start of the conversion.

The following steps should be followed to do an A/D
conversion:
1. Configure the A/D module:

» Configure analog pins, voltage reference and
digital I/O (ADCONT1)

» Select A/D input channel (ADCONO)
» Select A/D acquisition time (ADCON2)
» Select A/D conversion clock (ADCON2)
e Turn on A/D module (ADCONO)

2. Configure A/D interrupt (if desired):
+ Clear ADIF bit

3.  Wait the required acquisition time (if required).
4. Start conversion:
» Set GO/DONE bit (ADCONO0<1>)
5. Wait for A/D conversion to complete, by either:
+ Polling for the GO/DONE bit to be cleared

OR

» Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH:ADRESL);
clear bit, ADIF, if required.

7. For next conversion, go to step 1 or step 2, as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before next acquisition starts.

» Set ADIE bit
» Set GIE bit
FIGURE 21-2: ANALOG INPUT MODEL
VoD Sampling
Switch
vr=06v ..
* Rc<tk ' SS Rss !
4} % VT = 0.6V ';fgg’;f == CHoLD =25 pF
- e les

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE
various junctions
Ric = Interconnect Resistance
SS = Sampling Switch
CHOLD
Rss = Sampling Switch Resistance

6V
. 5V

= Leakage Current at the pin due to VDD 4V \
3V

= Sample/Hold Capacitance (from DAC) T+t

2V

1 2 3 4
Sampling Switch (kQ)
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FIGURE 23-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
VeerH—o CVRSS = 1
I
VDD
CVRSS =0 8R CVR<3:0>
CVRE R [\LL
RZ
RE
R ? X
s
16 Steps < { . . < B CVREF
e . 2
RZ
RZ
RS -
CVRR| I % 4R
VRer. CVRSS = 1 _
~N__ |
ICVRSS =0

23.2 Voltage Reference Accuracy/Error

The full range of voltage reference cannot be realized
due to the construction of the module. The transistors
on the top and bottom of the resistor ladder network
(Figure 23-1) keep CVREF from approaching the refer-
ence source rails. The voltage reference is derived
from the reference source; therefore, the CVREF output
changes with fluctuations in that source. The tested
absolute accuracy of the voltage reference can be
found in Section 27.0 “Electrical Characteristics”.

23.3 Operation During Sleep

When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the CVRCON register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.

23.4 Effects of a Reset

A device Reset disables the voltage reference by
clearing bit, CVREN (CVRCON<7>). This Reset also
disconnects the reference from the RA2 pin by clearing
bit, CVROE (CVRCON<6>), and selects the high-
voltage range by clearing bit, CVRR (CVRCON<5>).
The CVR value select bits are also cleared.

23.5 Connection Considerations

The voltage reference module operates independently
of the comparator module. The output of the reference
generator may be connected to the RF5 pin if the
CVROE bit is set. Enabling the voltage reference out-
put onto RA2 when it is configured as a digital input will
increase current consumption. Connecting RF5 as a
digital output with CVRSS enabled will also increase
current consumption.

The RF5 pin can be used as a simple D/A output with
limited drive capability. Due to the limited current drive
capability, a buffer must be used on the voltage
reference output for external connections to VREF.
Figure 23-2 shows an example buffering technique.
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BTG Bit Toggle f

Syntax: BTG f, b {,a}

Operands: 0<f<255
0<b<7
ael0,1]

Operation: (f<b>) — f<b>

Status Affected: None

Encoding: | 0111 | bbba ‘ ffff ‘ fEff |

Description: Bit ‘b’ in data memory location ‘f is
inverted.
If ‘a’is ‘'0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
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 25.2.3 “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

register ‘f’ Data register f’

Example: BTG PORTC, 4, O

Before Instruction:

PORTC

= 0111 0101 [75h]

After Instruction:

PORTC

= 0110 0101 [65h]

BOV Branch if Overflow
Syntax: BOV n
Operands: -128 <n <127
Operation: if Overflow bit is 1’,
(PC)+2+2n—>PC
Status Affected: None
Encoding: ‘ 1110 | 0100 ‘ nnnn | nnnn ‘
Description: If the Overflow bit is ‘1’, then the
program will branch.
The 2’'s complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
‘n’ Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BOV  Jump
Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 1;
PC = address (Jump)
If Overflow = ;
PC = address (HERE + 2)
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RRNCF Rotate Right f (No Carry) SETF Set f
Syntax: RRNCF f{,d{,a}} Syntax: SETF f{a}
Operands: 0<f<255 Operands: 0<f<255
del0,1] ael0,1]
ae[o,1] Operation: FFh > f
Operation: (f<n>) — dest<n — 1>, Status Affected: None
(f<0>) — dest<7> '
Encoding: 0110 100 ffff ffff
Status Affected: N, Z 9 ‘ | @ ‘ | ‘
. Description: The contents of the specified register
Encoding: ‘ 0100 | 00da ‘ fEEE | fEEf ‘ are set to FFh
Description: The contents of register ‘" are rotated If‘a’is ‘0. the Access Bank is selected
one bit to the right. If ‘d is ‘0’, the result 2’ is “qr the BSR is used to select thé
is placed in W. If ‘d’ is ‘1", the result is GPR bani(
placed back in register f". '
F'a’is ‘0" the A Bank will If ‘@’ is ‘0’ and the extended instruction
a'is 0, the \CCess Bank wi be " set is enabled, this instruction operates
selected, overriding the BSR value. If ‘a in Indexed Literal Offset Addressing
is ‘1’, then the bank will be selected as mode whenever f < 95 (5Fh). See
per the BSR value. Section 25.2.3 “Byte-Oriented and
If ‘a’ is ‘0’ and the extended instruction Bit-Oriented Instructions in Indexed
set is enabled, this instruction operates Literal Offset Mode” for details.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 25.2.3 “Byte-Oriented and Cycles: 1
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. Q1 Q2 Q3 Q4
|—> Decode Read Process Write
register ‘f Data register f’
Words: 1
Cycles: 1 Example: SETF REG, 1
Q Cycle Activity: Before Instruction
Q1 Q2 Q3 Q4 REG = 5Ah
Decode Read Process Write to After llqr}gsguctlon = FFh
register f’ Data destination B
Example 1: RRNCF REG, 1, O
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF REG, 0, O
Before Instruction
W = ?
REG = 1101 0111
After Instruction
W = 1110 1011
REG = 1101 0111
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NOTES:
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