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PIC18F87K90 FAMILY

TABLE 1-4: PIC18F8XK90 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number | p;
Pin Name Pin | Buffer Description
PORTA is a bidirectional I/O port.
RAO/ANO/ULPWU 30
RAO /O | TTL Digital I/0.
ANO I | Analog Analog Input 0.
ULPWU I | Analog Ultra low-power wake-up input.
RA1/AN1/SEG18 29
RA1 /O | TTL Digital I/0.
AN1 I | Analog Analog Input 1.
SEG18 O | Analog SEG18 output for LCD.
RA2/AN2/VREF- 28
RA2 /O | TTL Digital I/0.
AN2 I | Analog Analog Input 2.
VREF- I | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 27
RA3 /O | TTL Digital I/0.
AN3 I | Analog Analog Input 3.
VREF+ I | Analog A/D reference voltage (high) input.
RA4/TOCKI/SEG14 34
RA4 I/0 ST Digital I/0.
TOCKI | ST TimerQ external clock input.
SEG14 O | Analog SEG14 output for LCD.
RA5/AN4/SEG15/T1CKI/ 33
T3G/HLVDIN
RAS5 /O | TTL Digital I/0.
AN4 | | Analog Analog Input 4.
SEG15 O | Analog SEG15 output for LCD.
T1CKI | ST Timer1 clock input.
T3G | ST Timer3 external clock gate input.
HLVDIN I | Analog High/Low-Voltage Detect (HLVD) input.
RAG6 See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RA7 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)
1’C™ = 12C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K90 and PIC18F85K90 devices.
4: The CCP6, CCP7, CCP8 and CCP9 pin placement depends on the ECCPMX Configuration bit setting.

© 2009-2011 Microchip Technology Inc.
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PIC18F87K90 FAMILY

In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-3 shows how the R/C combination is
connected.

FIGURE 3-3: RC OSCILLATOR MODE
VDD
REXT
Internal
1
L OS¢ {}4[—» Clock
CEXT J; p—
— PIC18FXXXX
Vss —
—-+—1 OSC2/CLKO
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ
20 pF < CEXT < 300 pF

The RCIO Oscillator mode (Figure 3-4) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose /O pin. The /O pin
becomes bit 6 of PORTA (RAB).

FIGURE 3-4: RCIO OSCILLATOR MODE
VDD
REXT
Internal
L 0891 {}—4{—» Clock
CEXT J; p—
— PIC18FXXXX
Vss —
RA6 -e-—| 1/0 (OSC2)
Recommended values: 3 kQQ < REXT < 100 kQ
20 pF < CEXT < 300 pF

3.5.1 EXTERNAL CLOCK INPUT
(EC MODES)

The EC and ECPLL Oscillator modes require an
external clock source to be connected to the OSC1 pin.
There is no oscillator start-up time required after a
Power-on Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency,
divided by 4, is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-5 shows the pin connections for the EC
Oscillator mode.

FIGURE 3-5: EXTERNAL CLOCK

INPUT OPERATION
(EC CONFIGURATION)

Clock from ~l>o—> OSC1/CLKI
Ext. System PIC18F87K90

Fosc/4 -«—— OSC2/CLKO

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 3-6. In
this configuration, the divide-by-4 output on OSC2 is
not available. Current consumption in this configuration
will be somewhat higher than EC mode, as the internal
oscillator’s feedback circuitry will be enabled (in EC
mode, the feedback circuit is disabled).

FIGURE 3-6: EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~>®—> 0SCH1
Ext. System PIC18F87K90

(HS Mode)

Open «———] OSC2

3.5.2 PLL FREQUENCY MULTIPLIER

A Phase Lock Loop (PLL) circuit is provided as an
option for users who want to use a lower frequency
oscillator circuit, or to clock the device up to its highest
rated frequency from a crystal oscillator. This may be
useful for customers who are concerned with EMI due
to high-frequency crystals, or users who require higher
clock speeds from an internal oscillator.

3.5.2.1 HSPLL and ECPLL Modes

The HSPLL and ECPLL modes provide the ability to
selectively run the device at four times the external
oscillating source to produce frequencies up to 64 MHz.

The PLL is enabled by setting the PLLEN bit
(OSCTUNE<6>) or the PLLCFG bit (CONFIG1H<4>).
The PLLEN bit provides software control for the PLL,
even if PLLCFG is set to ‘0’. The PLL is enabled only
when the HS or EC oscillator frequency is within the
4 MHz to 16 MHz input range.

This enables additional flexibility for controlling the
application’s clock speed in software. The PLLEN
should be enabled in HS or EC Oscillator mode only if
the input frequency is in the range of 4 MHz-16 MHz.

DS39957D-page 48
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EXAMPLE 7-3: WRITING TO FLASH PROGRAM MEMORY
MOVLW Sl ZE_OF_BLOCK nunber of bytes in erase block
MOVWF  COUNTER
MOVLW  BUFFER_ADDR_HI GH ; point to buffer
MOVWF  FSROH
MOVLW  BUFFER_ADDR_LOW
MOWAF  FSROL
MOVLW  CODE_ADDR_UPPER Load TBLPTR with the base
MOWF  TBLPTRU address of the menory bl ock
MOVLW  CODE_ADDR_HI GH
MOWAF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAF  TBLPTRL
READ_BLOCK
TBLRD* + ; read into TABLAT, and inc
MOVF TABLAT, W ; get data
MOVWF  POSTI NCO ; store data
DECFSZ COUNTER ; done?
BRA READ_BLOCK ; repeat
MODI FY_WORD
MOVLW  DATA_ADDR_HI GH point to buffer
MOWF  FSROH
MOVLW  DATA_ADDR_LOW
MOVWF  FSROL
MOVLW  NEW DATA LOW ; update buffer word
MOVWF  POSTI NCO
MOVLW  NEW DATA_HI CH
MOWAF | NDFO
ERASE_BLOCK
MOVLW  CODE_ADDR_UPPER ; load TBLPTR with the base
MOWF  TBLPTRU ; address of the menory bl ock
MOVLW  CODE_ADDR_HI GH
MOWAF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAF  TBLPTRL
BSF EECON1, EEPGD ; point to Flash program nmenory
BCF EECON1, CFGS ; access Flash program nmenory
BSF EECON1, WREN ; enable wite to nmenory
BSF EECON1, FREE ; enabl e Row Erase operation
BCF INTCON, G E ; disable interrupts
MOVLW  0x55
Requi r ed MOV EECON2 write 55h
Sequence MOVLW  OxAA
MOVWF  EECON2 write OAAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, G E ; re-enable interrupts
TBLRD* - ; dummy read decrenent
MOVLW  BUFFER_ADDR_HI GH point to buffer
MOWAF  FSROH
MOVLW  BUFFER_ADDR_LOW
MOVWF  FSROL

WRI TE_BUFFER_BACK

MOVLW
MOVWF

VR TE_BYTE_TO HREGS

MOVFF
MOVWF
TBLWI+*

DECFSZ
GOoro

Sl ZE_OF_BLOCK
COUNTER

POSTI NCO, WREG
TABLAT

COUNTER
VR TE_BYTE_TO HREGS

nunber of bytes in holding register

get low byte of buffer data
present data to table latch
write data,
to internal

loop until buffers are full

DS39957D-page 118
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REGISTER 8-1: EECON1: DATA EEPROM CONTROL REGISTER 1

R/W-x R/W-x u-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR® WREN WR RD
bit 7 bit 0
Legend: S = Settable 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 EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit
1 = Erase the program memory row addressed by the TBLPTR on the next WR command
(cleared by completion of an erase operation)
0 = Perform write-only
bit 3 WRERR: Flash Program/Data EEPROM Error Flag bit(!)
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation or an improper write attempt)
0 = The write operation completed

bit 2 WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write-Control bit

1 = Initiates a data EEPROM erase/write cycle, or a program memory erase cycle or write cycle
(The operation is self-timed and the bit is cleared by hardware once the write is complete. The
WR bit can only be set (not cleared) in software.)

0 = Write cycle to the EEPROM is complete

bit 0 RD: Read Control bit

1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared in hardware. The RD bit can only
be set (not cleared) in software. The RD bit cannot be set when EEPGD =1 or CFGS =1.)
0 = Does not initiate an EEPROM read

Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows tracing of the error
condition.

DS39957D-page 122 © 2009-2011 Microchip Technology Inc.
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8.3 Reading the Data EEPROM Memory

To read a data memory location, the user must write the
address to the EEADRH:EEADR register pair, clear the
EEPGD control bit (EECON1<7>) and then set control
bit, RD (EECON1<0>). After one cycle, the data is
available in the EEDATA register; therefore, it can be
read after one NOP instruction. EEDATA will hold this
value until another read operation, or until it is written to
by the user (during a write operation). The basic
process is shown in Example 8-1.

84 Writing to the Data EEPROM
Memory

To write an EEPROM data location, the address must first
be written to the EEADRH:EEADR register pair and the
data written to the EEDATA register. The sequence in
Example 8-2 must be followed to initiate the write cycle.

The write will not begin if this sequence is not exactly
followed (write 0x55 to EECONZ2, write OxAA to
EECONZ2, then set WR bit) for each byte. It is strongly
recommended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code

EXAMPLE 8-1: DATA EEPROM READ

execution (i.e., runaway programs). The WREN bit
should be kept clear at all times, except when updating
the EEPROM. The WREN bit is not cleared by hardware.

After a write sequence has been initiated, EECON1,
EEADRH:EEADR and EEDATA cannot be modified.
The WR bit will be inhibited from being set unless the
WREN bit is set. The WREN bit must be set on a
previous instruction. Both WR and WREN cannot be
set with the same instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EEPROM Interrupt Flag bit
(EEIF) is set. The user may either enable this interrupt,
or poll this bit. EEIF must be cleared by software.

8.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

Note:  Self-write execution to Flash and
EEPROM memory cannot be done while
running in LP Oscillator mode (Low-Power
mode). Therefore, executing a self-write
will put the device into High-Power mode.

MOVLW DATA_EE_ADDRH :
MOWAE  EEADRH :
MOVLW DATA_EE_ADDR :
MOWAE  EEADR -

Upper bits of Data Menory Address to read

Lower bits of Data Menory Address to read

BCF EECON1, EEPGD ; Point to DATA menory
BCF EECON1, CFGS Access EEPROM

BSF EECON1, RD EEPROM Read
NOP
MOVF EEDATA, W W = EEDATA

DATA EEPROM WRITE

MOVLW DATA_EE_ADDRH

MOVWWF  EEADRH ;
MOVLW  DATA_EE_ADDR ;
MOWWF  EEADR ;
MOVLW DATA_EE_DATA

MOWAWF  EEDATA ; Data Menory Value to wite
BCF EECON1, EEPGD Poi nt to DATA nenory

BCF EECON1, CFGS ; Access EEPROM

BSF EECON1, WREN ; Enable wites

EXAMPLE 8-2:

Upper bits of Data Menory Address to wite

Lower bits of Data Menpry Address to wite

BCF INTCON, G E ; Disable Interrupts
MOVLW  0x55 ;
Requi red MOVWF  EECON2 ; Wite 55h
Sequence MOVLW  OxAA ;
MOVWF  EECON2 ; Wite 0AAh
BTFSC EECON1, WR ; Wait for wite to conplete
GOTO $-2
BSF INTCON, G E ; Enable Interrupts
; User code execution
BCF EECON1, WREN ; Disable wites on wite conplete (EEIF set)

© 2009-2011 Microchip Technology Inc. DS39957D-page 123
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REGISTER 11-3:

ODCONS: PERIPHERAL OPEN-DRAIN CONTROL REGISTER 3

R/W-0 R/W-0 uU-0 U-0 uU-0 uU-0 U-0 R/W-0
U20D uU10D — — — — — CTMUDS
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 5-1
bit 0

11.1.4

ANALOG AND DIGITAL PORTS

Many of the ports multiplex analog and digital function-
ality, providing a lot of flexibility for hardware designers.
PIC18F87K90 family devices can make any analog pin,

U20D: EUSART2 Open-Drain Output Enable bit

1 = Open-drain capability is enabled

0 = Open-drain capability is disabled

U10D: EUSART1 Open-Drain Output Enable bit

1 = Open-drain capability is enabled

0 = Open-drain capability is disabled
Unimplemented: Read as ‘0’

CTMUDS: CTMU Pulse Delay Enable bit

1 = Pulse delay input for CTMU is enabled on pin, RF1

0 = Pulse delay input for CTMU is disabled on pin, RF1

analog or digital, depending on an application’s needs.
The ports’ analog/digital functionality is controlled by
the registers: ANCONO, ANCON1 and ANCONZ2.

Setting these registers makes the corresponding pins
analog and clearing the registers makes the ports digi-
tal. For details on these registers, see Section 23.0
“12-Bit Analog-to-Digital Converter (A/D) Module”.

DS39957D-page 156
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15.3 Timer3/5/7 16-Bit Read/Write Mode

Timer3/5/7 can be configured for 16-bit reads and
writes (see Figure 15.3). When the RD16 control bit
(TxCON<1>) is set, the address for TMRxH is mapped
to a buffer register for the high byte of Timer3/5/7. A
read from TMRXxL will load the contents of the high byte
of Timer3/5/7 into the Timerx High Byte Buffer register.
This provides users with the ability to accurately read
all 16 bits of Timer3/5/7 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 Timer3/5/7 must also take
place through the TMRxH Buffer register. The Timer3/
5/7 high byte is updated with the contents of TMRxH
when a write occurs to TMRxL. This allows users to
write all 16 bits to both the high and low bytes of
Timer3/5/7 at once.

The high byte of Timer3/5/7 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timerx High Byte Buffer register.

Writes to TMRxH do not clear the Timer3/5/7 prescaler.
The prescaler is only cleared on writes to TMRXL.

15.4 Using the SOSC Oscillator as the
Timer3/5/7 Clock Source

The SOSC internal oscillator may be used as the clock
source for Timer3/5/7. The SOSC oscillator is enabled by
setting one of five bits: any of the four SOSCEN bits in the
TxCON registers (TXCON<3>) or the SOSCGO bit in the
OSCCON2 register (OSCCON2<3>). To use it as the
Timer3/5/7 clock source, the TMRXCS bit must also be
set. As previously noted, this also configures Timer3/5/7
to increment on every rising edge of the oscillator source.

The SOSC oscillator is described in Section 13.0
“Timerl Module”.

FIGURE 15-2:

15.5 Timer3/5/7 Gates

Timer3/5/7 can be configured to count freely or the
count can be enabled and disabled using the Timer3/
5/7 gate circuitry. This is also referred to as the
Timer3/5/7 gate count enable.

The Timer3/5/7 gate can also be driven by multiple
selectable sources.

15.5.1 TIMERS3/5/7 GATE COUNT ENABLE

The Timerx Gate Enable mode is enabled by setting
the TMRxGE bit (TXxGCON<7>). The polarity of the
Timerx Gate Enable mode is configured using the
TxGPOL bit (TXxGCON<6>).

When Timerx Gate Enable mode is enabled, Timer3/5/7
will increment on the rising edge of the Timer3/5/7 clock
source. When Timerx Gate Enable mode is disabled, no
incrementing will occur and Timer3/5/7 will hold the
current count. See Figure 15-2 for timing details.

TABLE 15-1: TIMERS3/5/7 GATE ENABLE
SELECTIONS
TxCLK (I'Jc)a(ggl\?:&) TxG Pin | Timerx Operation
0 0 0 Counts
0 0 1 Holds Count
T 1 0 Holds Count
1 1 Counts

1 The clock on which TMR3/5/7 is running. For more
information, see TxCLK in Figure 15-1.

TIMER3/5/7 GATE COUNT ENABLE MODE

TMRxGE

TxGPOL
TxG_IN

woo [ 1L

TxGVAL

Timer3/5/7

N+2

><N+3 N+4

DS39957D-page 206
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TIMERS3/5/7 GATE SINGLE PULSE
MODE

When Timer3/5/7 Gate Single Pulse mode is enabled,
it is possible to capture a single pulse gate event.
Timer3/5/7 Gate Single Pulse mode is first enabled by
setting the TxGSPM bit (TxGCON<4>). Next, the
TxGGO/TxDONE bit (TxGCON<3>) must be set.

The Timer3/5/7 will be fully enabled on the next incre-
menting edge. On the next trailing edge of the pulse,
the TxGGO/TxDONE bit will automatically be cleared.

15.5.4

FIGURE 15-4:

No other gate events will be allowed to increment
Timer3/5/7 until the TxGGO/TxDONE bit is once again
set in software.

Clearing the TxGSPM bit also will clear the TxGGO/
TxDONE bit. (For timing details, see Figure 15-4.)

Simultaneously enabling the Toggle mode and the
Single Pulse mode will permit both sections to work
together. This allows the cycle times on the Timer3/5/7
gate source to be measured. (For timing details, see
Figure 15-5.)

TIMER3/5/7 GATE SINGLE PULSE MODE

TMRxGE

TxGPOL

TxGSPM

TxGGO/ F Set by Software

TxDONE

T*G_IN

Counting Enabled on
Rising Edge of TxG

Cleared by Hardware on
Falling Edge of TxGVAL

oo [ L L L]

TxGVAL

Timer3/5/7 N

TMRxGIF—\<7 Cleared by Software

. Cleared by
}4— Set by Hardware on j Software

Falling Edge of TxGVAL
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17.6

Register Maps

Table 17-5, Table 17-6 and Table 17-7 summarize the
registers associated with the RTCC module.

TABLE 17-5: RTCC CONTROL REGISTERS
All
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Resets
on Page:
RTCCFG RTCEN — RTCWREN | RTCSYNC | HALFSEC RTCOE RTCPTR1 | RTCPTRO 80
RTCCAL CAL7 CALG6 CAL5 CAL4 CAL3 CAL2 CAL1 CALO 80
PADCFG1 RDPU REPU RJPUD — — RTSECSEL1 | RTSECSELO — 80
ALRMCFG | ALRMEN CHIME AMASK3 | AMASK2 | AMASK1 AMASKO | ALRMPTR1 [ALRMPTRO 80
ALRMRPT | ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPTO 80
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal for 80-pin devices.
Note 1: Not available on 64-pin devices.
TABLE 17-6: RTCC VALUE REGISTERS
File Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 gitg |~ Resets
on Page:
RTCVALH |RTCC Value High Register Window Based on RTCPTR<1:0> 80
RTCVALL |RTCC Value Low Register Window Based on RTCPTR<1:0> 80
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal for 80-pin devices.
TABLE 17-7: ALARM VALUE REGISTERS
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito  |AlIResets
on Page:
ALRMVALH |Alarm Value High Register Window Based on ALRMPTR<1:0> 80
ALRMVALL |Alarm Value Low Register Window Based on ALRMPTR<1:0> 80
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal for 80-pin devices.

© 2009-2011 Microchip Technology Inc.
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FIGURE 19-9: EXAMPLE OF FULL-BRIDGE PWM OUTPUT
Forward Mode

! Period | |

— . I

PxA® | | | |

| _Pulse Width _! : \

| | |

PxB@ | ! ! '

I T t

: | | |

[ [ | [

PxC I I I I

[ [ | T

| | | |

| | | |

D@ [ ] ]

[ |
! I (1)

Reverse Mode
:< Period =; .
' Pulse Width ' : :
——————

PxA® I | I !
] T T t
| | | |

- |

pe® ]
| I | I
1 | 1 |
pxc® __ | | | |
| I | I
| I | I

Px0®@ : f : :
e ! {6 '

Note 1: At this time, the TMR2 register is equal to the PR2 register.
2:  The output signal is shown as active-high.
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2134 ENABLING SPI I/O

To enable the serial port, MSSP Enable bit, SSPEN
(SSPxCON1<5>), must be set. To reset or reconfigure
SPI mode, clear the SSPEN bit, reinitialize the
SSPxCON registers and then set the SSPEN bit. This
configures the SDIx, SDOx, SCKx and SSx pins as
serial port pins. For the pins to behave as the serial port
function, some must have their data direction bits (in
the TRIS register) appropriately programmed as
follows:

« SDIx must have TRISC<4> or TRISD<5> bit set

« SDOx must have the TRISC<5> or TRISD<4> bit
cleared

* SCKx (Master mode) must have the TRISC<3> or
TRISD<6>bit cleared

* SCKXx (Slave mode) must have the TRISC<3> or
TRISD<6> bit set

+ SSx must have the TRISF<7> or TRISD<7> bit set

FIGURE 21-2:

Any serial port function that is not desired may be
overridden by programming the corresponding Data
Direction (TRIS) register to the opposite value.

21.3.5 TYPICAL CONNECTION

Figure 21-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCKx signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

» Master sends data — Slave sends dummy data
» Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

SPI MASTER/SLAVE CONNECTION

| | | |
I I I I
: SDOx, | SDIx :
| ] T |
| | | |
: Serial Input Buffer : : Serial Input Buffer :
| (SSPXBUF) | | (SSPXBUF) \
I I I I
| | | |
| | | |
I I I I
: Shift Register SOX | | Sbox Shift Register :
| (SSPxSR) | | (SSPxSR) |
| | | |
| MSb LSb | | MSb LSb |
: | Serial Clock | :
| SCKxI A CKx |
: PROCESSOR 1 | | PROCESSOR 2 |

© 2009-2011 Microchip Technology Inc.
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TABLE 22-3: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH =0,BRG16 =1
iﬁg Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
0 [rcus o Srom - Seomlacul L, SRl achal - SeeG
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082 0.300 -0.04 1665
1.2 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520 1.201 -0.16 415
2.4 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259 2.403 -0.16 207
9.6 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25
57.6 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55.555 3.55 8
115.2 | 113.636 -1.36 21 113.636 -1.36 10 125.000 8.51 4 — — —
SYNC =0,BRGH=0,BRG16=1
BRQ%E’ FOSC = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual o SPBRG | Actual o SPBRG | Actual % SPBRG
Fiit)e Error (d\;ili:eal) Rzit)e Error (d\./eilifnil) Fz(it)e Error (d\;ilitjnil)
0.3 0.300 0.04 832 0.300 -0.16 415 0.300 -0.16 207
1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
24 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
9.6 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 3 — — — — — —
115.2 | 125.000 8.51 1 — — — — — —
SYNC =0,BRGH =1,BRG16 =1 or SYNC=1,BRG16 =1
iﬁg Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
K) | Actual SPBRG | Actual SPBRG | Actual SPBRG | Actual SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 33332 | 0300 000 16665 | 0.300  0.00 8332 | 0300 -0.01 6665
1.2 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082 1.200 -0.04 1665
2.4 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040 2.400 -0.04 832
9.6 9.606 0.06 1040 9.596 -0.03 520 9.615 0.16 259 9.615 -0.16 207
19.2 19.193 -0.03 520 19.231 0.16 259 19.231 0.16 129 19.230 -0.16 103
57.6 57.803 0.35 172 57.471 -0.22 86 58.140 0.94 42 57.142 0.79 34
115.2 | 114.943 -0.22 86 116.279 0.94 42 113.636 -1.36 21 117.647 -2.12 16
SYNC =0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
iﬁé’ FOSC = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.01 3332 0.300 -0.04 1665 0.300 -0.04 832
1.2 1.200 0.04 832 1.201 -0.16 415 1.201 -0.16 207
24 2.404 0.16 415 2.403 -0.16 207 2.403 -0.16 103
9.6 9.615 0.16 103 9.615 -0.16 51 9.615 -0.16 25
19.2 19.231 0.16 51 19.230 -0.16 25 19.230 -0.16 12
57.6 58.824 2.12 16 55.555 3.55 8 — — —
115.2 111.111 -3.55 8 — — — — — —

DS39957D-page 356

© 2009-2011 Microchip Technology Inc.




PIC18F87K90 FAMILY

24.7 Comparator Operation

During Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake up the device from Sleep mode, when enabled.
Each operational comparator will consume additional
current.

To minimize power consumption while in Sleep mode,
turn off the comparators (CON =0) before entering
Sleep. If the device wakes up from Sleep, the contents
of the CMxCON register are not affected.

24.8

A device Reset forces the CMxCON registers to their
Reset state. This forces both comparators and the
voltage reference to the OFF state.

Effects of a Reset

TABLE 24-3: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 [Valueson

Page:
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 75
PIR6 — — — EEIF — CMP3IF | CMP2IF | CMP1IF 77
PIE6 — — — EEIE — CMP3IE | CMP2IE | CMP1IE 80
IPR6 — — — EEIP — CMP3IP | CMP2IP | CMP1IP 77
CM1CON CON COE CPOL | EVPOL1 | EVPOLO | CREF CCH1 CCHO 80
CM2CON CON COE CPOL | EVPOL1 | EVPOLO | CREF CCH1 CCHO 81
CM3CON CON COE CPOL | EVPOL1 | EVPOLO | CREF CCH1 CCHO 81
CVRCON CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO 77
CMSTAT CMP30OUT | CMP20OUT [CMP10OUT — — — — — 77
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 — 78
LATF LATF7 LATF6 LATF5 LATF4 LATF3 LATF2 LATF1 — 78
TRISF TRISF7 TRISF6 TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 — 78
PORTG — — RG5 RG4 RG3 RG2 RG1 RGO 78
LATG — — — LATG4 LATG3 LATG2 LATG1 LATGO 78
TRISG — — — TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO 78
PORTH® RH7 RH6 RH5 RH4 RH3 RH2 RH1 RHO 78
LATH® LATH7 LATH6 LATH5 LATH4 LATH3 LATH2 LATH1 LATHO 78
TRISH® TRISH7 TRISH6 | TRISH5 | TRISH4 | TRISH3 | TRISH2 | TRISH1 | TRISHO 78
Legend: — =unimplemented, read as ‘0’.
Note 1: This register is not implemented on 64-pin devices.
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NOTES:
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FIGURE 26-3: HIGH-VOLTAGE DETECT OPERATION (VDIRMAG = 1)

CASE 1:
HLVDIF May Not be Set

——————— /—\ ————————ﬂ——————————— VHLVD
VDD |

HLVDIF I
A
Enable HLVD [
|
IRVST '« TIRVST —»]
HLVDIF Cleared in Software
Internal Reference is Stable
CASE 2:

_________j____________t ————————————— VHLVD
VDD

HLVDIF | A
Enable HLVD [ |
| |
'« TIRVST _>|'
IRVST =
Internal Reference is Stable J
HLVDIF Cleared in Software
HLVDIF Cleared in Software,
HLVDIF remains Set since HLVD Condition still Exists
26.5 Applications FIGURE 26-4: TYPICAL LOW-VOLTAGE

DETECT APPLICATION

In many applications, it is desirable to detect a drop
below, or rise above, a particular voltage threshold. For
example, the HLVD module could be periodically
enabled to detect Universal Serial Bus (USB) attach or
detach. This assumes the device is powered by a lower
voltage source than the USB when detached. An attach
would indicate a High-Voltage Detect from, for
example, 3.3V to 5V (the voltage on USB) and vice
versa for a detach. This feature could save a design a
few extra components and an attach signal (input pin).

Voltage

For general battery applications, Figure 26-4 shows a
possible voltage curve. Over time, the device voltage
decreases. When the device voltage reaches voltage,
VA, the HLVD logic generates an interrupt at time, TA.
The interrupt could cause the execution of an ISR Time 1A T8
(Interrupt Service Routine), which would allow the
application to perform “housekeeping tasks” and a Legend: VA =HLVD trip point
controlled shutdown before the device voltage exits the VB = Minimum valid device
valid operating range at TB. This would give the appli- operating voltage
cation a time window, represented by the difference
between TA and TB, to safely exit.
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REGISTER 28-13: CONFIG7H: CONFIGURATION REGISTER 7 HIGH (BYTE ADDRESS 30000Dh)®)

u-0 R/C-1 U-0 U-0 U-0 u-0 U-0 U-0
— EBTRB — — — - | -1 =
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 Unimplemented: Read as ‘0’
bit 6 EBTRB: Boot Block Table Read Protection bit

1 = Boot block is not protected from table reads executed in other blocks
0 = Boot block is protected from table reads executed in other blocks

bit 5-0 Unimplemented: Read as ‘0’

Note 1: For the memory size of the blocks, refer to Figure 28-6.
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TABLE 29-2: PIC18F87K90 FAMILY INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 Oida ffff ffff |C,DC,Z OV,N |1,2
ADDWFC f,d, a |Add WREG and Carry bit to f 1 0010 Oo0da ffff ffff |C,DC,Z OV,N |1,2
ANDWF f,d, a |AND WREG with f 1 0001 Oida ffff ffff |Z N 1,2
CLRF f,a Clear f 1 0110 10l1a ffff ffff |Z 2
COMF f,d, a |Complement f 1 0001 11da ffff ffff |Z N 1,2
CPFSEQ f,a Compare f with WREG, Skip = 1(20r3)| 0110 00la ffff ffff |None 4
CPFSGT f, a Compare f with WREG, Skip > 1(20r3)| 0110 010a ffff ffff |None 4
CPFSLT f a Compare f with WREG, Skip < 1(20r3)| 0110 000a ffff ffff |None 1,2
DECF f, d, a |Decrement f 1 0000 Oida ffff ffff |C,DC,Z OV,N [1,2, 3,4
DECFSZ f,d,a |Decrement f, Skip if 0 1(20r3)| 0010 1l1da ffff ffff |None 1,2,3,4
DCFSNZ f,d, a |Decrement f, Skip if Not O 1(20r3)| 0100 1l1da ffff ffff |None 1,2
INCF f,d, a |Increment f 1 0010 10da ffff ffff |C,DC,Z OV,N |1,2, 3,4
INCFSZ f,d, a |Incrementf, Skip if O 1(20r3)| 0011 1lda ffff ffff |None 4
INFSNZ f,d, a |Increment f, Skip if Not 0 1(20r3)| 0100 10da ffff ffff |None 1,2
IORWF  f,d, a |Inclusive OR WREG with f 1 0001 O0da ffff ffff |Z, N 1,2
MOVF f,d,a |Move f 1 0101 O00da ffff ffff |Z, N 1
MOVFF  fs,fy [Move fs(source)to 1stword |2 1100 ffff ffff ffff |[None
fq (destination) 2nd word 1111 ffff ffff ffff
MOVWF f a Move WREG to f 1 0110 111a ffff ffff [None
MULWF f, a Multiply WREG with f 1 0000 00la ffff ffff [None 1,2
NEGF f,a Negate f 1 0110 110a ffff ffff |C,DC,Z OV,N
RLCF f, d, a |Rotate Left f through Carry 1 0011 Oida ffff ffff |[C,Z N 1,2
RLNCF  f,d, a |Rotate Left f (No Carry) 1 0100 Oida ffff ffff |Z, N
RRCF f, d, a |Rotate Right f through Carry 1 0011 oo0da ffff ffff [C,Z N
RRNCF f,d, a |Rotate Right f (No Carry) 1 0100 0O0da ffff ffff |[Z N
SETF f,a Setf 1 0110 100a ffff ffff [None 1,2
SUBFWB f, d, a |Subtract f from WREG with 1 0101 Oida ffff ffff |C,DC,Z OV,N
Borrow
SUBWF f,d,a |Subtract WREG from f 1 0101 1i1da ffff ffff |C,DC,Z OV,N |1,2
SUBWFB f,d, a |Subtract WREG from f with 1 0101 10da ffff ffff |C,DC,Z OV,N
Borrow
SWAPF f,d,a |Swap Nibbles in f 1 0011 10da ffff ffff [None
TSTFSZ f,a Test f, Skip if O 1(20r3)| 0110 O0lla ffff ffff |None 1,2
XORWF f,d,a |Exclusive OR WREG with f 1 0001 10da ffff ffff |[Z N
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that

value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a ‘0’.
2:  Ifthis instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned.
3:  Ifthe Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The
second cycle is executed as a NOP.
4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all
program memory locations have a valid instruction.
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DAW Decimal Adjust W Register
Syntax: DAW
Operands: None
Operation: If [W<3:0> > 9] or [DC = 1], then
(W<3:0>) + 6 — W<3:0>;
else,
(W<3:0>) - W<3:0>;
If [W<7:4> > 9] or [C = 1], then
(W<T7:4>) + 6 —> W<T7:4>;
C=1;
else,
(W<T7:4>) - W<7:4>
Status Affected: C
Encoding: | 0000 | 0000 [ o0ooo [ o111 |
Description: DAW adjusts the 8-bit value in W,
resulting from the earlier addition of two
variables (each in packed BCD format)
and produces a correct packed BCD
result.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register W Data W
Example 1: DAW
Before Instruction
w = A5h
C = 0
DC = 0
After Instruction
w = 05h
C = 1
DC = 0
Example 2:
Before Instruction
w = CEh
C = 0
DC = 0
After Instruction
w = 34h
C = 1
DC = 0

DECF Decrement f

Syntax: DECF f{d {,a}}

Operands: 0<f<255
de [0, 1]
ael0,1]

Operation: (f)— 1 — dest

Status Affected: C,DC,N, 0V, Z

Encoding: \ 0000 | 01da \ fEff | fEff \

Description: Decrement register ‘f. If ‘d’ is ‘0’, the
result is stored in W. If 'd’ is ‘1’, the
result is stored back in register .
If ‘@’ 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 29.2.3 “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:

DECF CNT, 1, O

Before Instruction

CNT
4

01h
0

After Instruction

CNT
4

00h
1
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FIGURE 31-21: A/D CONVERSION TIMING

BSF ADCONO, GO |

—*| <«— (Note2)

. 131 ;
Q4 . - . :

' ! 130 e

ADCLK =—132- [i

A/D DATA ><11><1°><9><"'><"'><2><1>< 0 ><

ADRES : OLD_DATA X NEW_DATA
ADIF ) E———
GO | DONE

SAMPLE | SAMPLING STOPPED |

Note 1: Ifthe A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the SLEEP instruction to
be executed.

2: This is a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.

TABLE 31-26: A/D CONVERSION REQUIREMENTS

Pilr:m Symbol Characteristic Min Max Units Conditions

130  |TaD A/D Clock Period 08 | 125U | us |Tosc based, VREF > 3.0V
1.4 25(1) us |VbD = 3.0V; Tosc based,

VREF full range

— 1 us |A/D RC mode
— 3 us |VDD = 3.0V; A/D RC mode

131 TCNV Conversion Time 14 15 TAD

(not including acquisition time)(z)

132 |Taca  |Acquisition Time®) 1.4 — us |-40°C to +125°C

135 Tswc Switching Time from Convert - Sample — (Note 4)

137 Tois Discharge Time 0.2 — us

Note 1: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.

2: ADRES registers may be read on the following TcY cycle.

3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale
after the conversion (VDD to Vss or Vss to VDD). The source impedance (Rs) on the input channels is 50Q.

4:  On the following cycle of the device clock.
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Type-Ain 1/2 MUX, 1/3 Bias Drive
Type-Ain 1/3 MUX, 1/2 Bias Drive
Type-A in 1/3 MUX, 1/3 Bias Drive
Type-A in 1/4 MUX, 1/3 Bias Drive

Type-A/Type-B in Static Drive..........ccccoevieiiiieenns

Type-B in 1/2 MUX, 1/2 Bias Drive .........cccccoceeviueenne 289
Type-B in 1/2 MUX, 1/3 Bias Drive ........ccccccevvneenenne 291
Type-B in 1/3 MUX, 1/2 Bias Drive ........cccccceevneeuenne 293
Type-B in 1/3 MUX, 1/3 Bias Drive .........cccccoceevueenne 295
Type-B in 1/4 MUX, 1/3 Bias Drive .........ccccceveneenenne 297

Timing Diagrams and Specifications
Reset, Watchdog Timer, Oscillator Start-up
Timer, Power-up Timer and Brown-out

Reset Requirements ............ccooivviiiiiiiiinccns 529
Top-of-Stack (TOS) ACCESS ......cererrireeniieeiiieeieeneeesiee e 87
TSTESZ ..o 491
Two-Speed Start-up .........cccvveeeieriiniieiie e 425, 444

IESO (CONFIG1H), Internal/External

Oscillator Switchover Bit ...........cccooeiiiiiieis 428

Two-Word Instructions

EXample CaSeS......ccccvveevuiiieciie et 91
TXSTAX Register

BRGH Bit ..o 353

U
Ultra Low-Power
Regulator
INSIEEP ..ot 443
Ultra Low-Power Wake-up
Exit Delay (table) .......ccooeiriiiiiiiiiee s 67
Ultra Low-Power Wake-up (ULPWU)
OVEIVIEW ...ttt ettt 66
W
Watchdog Timer (WDT).....cceeieeeieeiieeeeneeeeee s 425, 440
Associated Registers..........cccccoviieiiniiinii e, 441
Control Register .

WCOL Status Flag.......c.cceeveerieeneenicenen.

WWW AQAIESS ..ot

X

XORLW ..ot 491
XORWE ...ttt ettt 492
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