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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via E-
mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision of
silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

« Microchip’s Worldwide Web site; http://www.microchip.com
« Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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2.2.25 PIE2 Register

The PIE2 register contains the interrupt enable bits, as Note: Bit PEIE of the INTCON register must beI
shown in Register 2-5. set to enable any peripheral interrupt.

REGISTER 2-5: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0
OSFIE C2IE ClIE EEIE — — — —
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 OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enables oscillator fail interrupt
0 = Disables oscillator fail interrupt

bit 6 C2IE: Comparator C2 Interrupt Enable bit

1 = Enables Comparator C2 interrupt
0 = Disables Comparator C2 interrupt

bit 5 C1IE: Comparator C1 Interrupt Enable bit

1 = Enables Comparator C1 interrupt
0 = Disables Comparator C1 interrupt

bit 4 EEIE: EE Write Operation Interrupt Enable bit

1 = Enables write operation interrupt
0 = Disables write operation interrupt

bit 3-0 Unimplemented: Read as ‘0’

© 2005-2015 Microchip Technology Inc. DS40001262F-page 39
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3.5.3 LFINTOSC

The Low-Frequency Internal Oscillator (LFINTOSC) is
an uncalibrated 31 kHz internal clock source.

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 3-1). Select 31 kHz, via
software, using the IRCF<2:0> bits of the OSCCON
register. See Section 3.5.4 “Frequency Select Bits
(IRCF)” for more information. The LFINTOSC is also the
frequency for the Power-up Timer (PWRT), Watchdog
Timer (WDT) and Fail-Safe Clock Monitor (FSCM).

The LFINTOSC is enabled by selecting 31 kHz
(IRCF<2:0> bits of the OSCCON register = 000) as the
system clock source (SCS bit of the OSCCON
register = 1), or when any of the following are enabled:

» Two-Speed Start-up IESO bit of the Configuration
Word register = 1 and IRCF<2:0> bits of the
OSCCON register = 000

» Power-up Timer (PWRT)

» Watchdog Timer (WDT)

 Fail-Safe Clock Monitor (FSCM)

The LF Internal Oscillator (LTS) bit of the OSCCON

register indicates whether the LFINTOSC is stable or
not.

3.54 FREQUENCY SELECT BITS (IRCF)

The output of the 8 MHz HFINTOSC and 31 kHz
LFINTOSC connects to a postscaler and multiplexer
(see Figure 3-1). The Internal Oscillator Frequency
Select bits IRCF<2:0> of the OSCCON register select
the frequency output of the internal oscillators. One of
eight frequencies can be selected via software:

¢ 8 MHz

e 4 MHz (Default after Reset)

e 2 MHz

e 1 MHz

» 500 kHz

» 250 kHz

e 125 kHz

e 31 kHz (LFINTOSC)

Note: Following any Reset, the IRCF<2:0> bits
of the OSCCON register are set to ‘110’
and the frequency selection is set to
4 MHz. The user can modify the IRCF bits

to select a different frequency.

3.5.5 HFINTOSC AND LFINTOSC CLOCK
SWITCH TIMING

When switching between the LFINTOSC and the

HFINTOSC, the new oscillator may already be shut

down to save power (see Figure 3-6). If this is the case,

there is a delay after the IRCF<2:0> bits of the

OSCCON register are modified before the frequency

selection takes place. The LTS and HTS bits of the

OSCCON register will reflect the current active status

of the LFINTOSC and HFINTOSC oscillators. The

timing of a frequency selection is as follows:

1. IRCF<2:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. CLKOUT is held low and the clock switch
circuitry waits for a rising edge in the new clock.

5. CLKOUT is now connected with the new clock.
LTS and HTS bits of the OSCCON register are
updated as required.

6. Clock switch is complete.

See Figure 3-1 for more detalils.

If the internal oscillator speed selected is between
8 MHz and 125 kHz, there is no start-up delay before
the new frequency is selected. This is because the old
and new frequencies are derived from the HFINTOSC
via the postscaler and multiplexer.

Start-up delay specifications are located in the
oscillator tables of Section 17.0 “Electrical
Specifications”.

© 2005-2015 Microchip Technology Inc.
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42.4 ULTRA LOW-POWER WAKE-UP

The Ultra Low-Power Wake-up (ULPWU) on RAO allows
a slow falling voltage to generate an interrupt-on-change
on RAO without excess current consumption. The mode
is selected by setting the ULPWUE bit of the PCON
register. This enables a small current sink, which can be
used to discharge a capacitor on RAQ.

Follow these steps to use this feature:

a) Charge the capacitor on RAO by configuring the
RAOQ pin to output (= 1) .

b) Configure RAO as an input.

c) Enable interrupt-on-change for RAO.

d) Set the ULPWUE bit of the PCON register to
begin the capacitor discharge.

e) Execute a SLEEP instruction.

When the voltage on RAO drops below ViL, an interrupt
will be generated which will cause the device to wake-
up and execute the next instruction. If the GIE bit of the
INTCON register is set, the device will then call the
interrupt vector (0004h). See Section 4.4.2 “Interrupt-
on-change” and Section 14.3.3 “PORTA/PORTB
Interrupt” for more information.

This feature provides a low-power technique for
periodically waking up the device from Sleep. The
time-out is dependent on the discharge time of the RC
circuit on RAO. See Example 4-2 for initializing the
Ultra Low-Power Wake-up module.

A series resistor between RAO and the external
capacitor provides overcurrent protection for the RAO/
ANO/C1IN+/ICSPDAT/ULPWU pin and can allow for
software calibration of the time-out (see Figure 4-1). A
timer can be used to measure the charge time and
discharge time of the capacitor. The charge time can
then be adjusted to provide the desired interrupt delay.
This technique will compensate for the affects of
temperature, voltage and component accuracy. The
Ultra Low-Power Wake-up peripheral can also be
configured as a simple Programmable Low-Voltage
Detect or temperature sensor.

Note: For more information, refer to Application
Note AN879, “Using the Microchip Ultra

Low-Power Wake-up Module” (DS00879).

EXAMPLE 4-2: ULTRA LOW-POWER

WAKE-UP INITIALIZATION

BCF STATUS, RPO ; Bank 0O
BCF STATUS, RP1 ;
BSF PORTA, 0 ; Set RAO data latch
BSF STATUS, RP1 ; Bank 2

BCF ANSEL, 0 ;RAO to digital 1/0
BSF STATUS, RPO ;Bank 1

BCF STATUS, RP1 ;
BCF TRI SA, 0
CALL CapDel ay
BSF PCON, ULPWJE
BSF 1 OCA, 0

BSF TRI SA, O
MOVLW B’ 10001000’
MOVWF | NTCON

;Qutput high to

; charge capacitor

; Enabl e ULP Wake-up
; Sel ect RAO | CC

; RAO to input

; Enabl e i nterrupt
;and clear flag

BCF STATUS, RPO ; Bank 0
SLEEP ;Wait for 10OC
NOP ;

© 2005-2015 Microchip Technology Inc.
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4.4.3.3 RB6/SCK/SCL

Figure 4-9 shows the diagram for this pin. The RB6/
sck/ScL® pin is configurable to function as one of the
following:

« ageneral purpose I/O

» a SPI clock

« an I>’C™ clock

Note 1. SCK and SCL are available on
PIC16F677/PIC16F687/PIC16F689/
PIC16F690 only.

FIGURE 4-9: BLOCK DIAGRAM OF RB6

Data Bus

Q VDD

Weak

1lycK &
wruE | P~ @
RD ¢ RABPU

WPUB|

D Q

WR | L CK =

PORTB] P <. @
WR oK

TRISB X Q
RD ‘j }J

TRISB]|

WR >

VDD

Vss

RD _§
PORTB

WR _|
10CB

RD
10CB

Interrupt-on-
Change

RD PORTB
To SSP

I/O Pin

Available on PIC16F677/PIC16F687/PIC16F689/PIC
only.

16F690

© 2005-2015 Microchip Technology Inc.
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457 RC6/ANS/SS

The RC6/AN8/SSH2) s configurable to function as one
of the following:

« ageneral purpose I/O
» an analog input for the ADC (except PIC16F631)
 aslave select input

45.8 RC7/AN9/SDO

The RC7/AN9/SDO(M2) s configurable to function as
one of the following:

« ageneral purpose I/O
» an analog input for the ADC (except PIC16F631)
* a serial data output

Note 1: SDO is available on PIC16F687/
PIC16F689/PIC16F690 only.

2: ANB9 is not implemented on PIC16F631.

Note 1: SSis available on PIC16F687/PIC16F689/
PIC16F690 only.
2: ANB8 s not implemented on PIC16F631.
FIGURE 4-15: BLOCK DIAGRAM OF RC6
Data Bus
D Q Voo
WR CK &
porTCTP <C Q
1/0 Pin
D Q
WR —
TRISC 95 Qr—¢ Vss
Analog Input
< Mode®
RD ¢
TRISC /
e
RD hd
PORTC
To SS Input
___To AID Converter®
Available on PIC16F685/PIC16F690 only.
Note 1:  ANSEL determines Analog Input mode.
2: Not implemented on PIC16F631.

FIGURE 4-16: BLOCK DIAGRAM OF RC7

PORT/SDO
Select

Data Bus

VDD

WR
PORTC

I/O Pin

WR

TRISC | ~_ Vss
Analog Input
’D ¢ Mode(®

TRISC |

RD
PORTC

___To A/D Converter®

Available on PIC16F685/PIC16F690 only.

Note 1:  ANSEL determines Analog Input mode.
2: Not implemented on PIC16F631.

© 2005-2015 Microchip Technology Inc.

DS40001262F-page 77



PIC16F631/677/685/687/689/690

EXAMPLE 9-1: A/D CONVERSION

; This code bl ock configures the ADC
;for polling, Vdd reference, Frc clock
;and ANO i nput.

; Conversion start & polling for conpletion
; are included.

BANKSELADCONL,;

MOVLWB’ 01110000’ ; ADC Frc cl ock
MOVWFADCONL,;

BANKSELTRI SA,

BSF TRI SA, 0; Set RAO to input
BANKSELANSEL;

BSF ANSEL, 0; Set RAO to anal og
BANKSEL ADCONO;

MOVLWB' 10000001’ ; Ri ght justify,
MOVWFADCONO; Vdd Vref, ANO, On
CALLSanpl eTi me; Acqui si ton del ay
BSF ADCONO, GO; St art conver si on
BTFSCADCONO, GO, | s conver si on done?
GOTC-1; No, test again
BANKSELADRESH,

MOVFADRESH, W Read upper 2 bits
MOVWAFRESULTHI ; store in GPR space
BANKSELADRESL;

MOVFADRESL, W Read | ower 8 bits
MOWAFRESULTLG; Store in GPR space

9.2.7 ADC REGISTER DEFINITIONS

The following registers are used to control the
operation of the ADC.

DS40001262F-page 110
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FIGURE 10-1: FLASH PROGRAM MEMORY READ CYCLE EXECUTION
Table 0-1:
Q@ Q Q,Q QQQQQQQQQQQQQQQQQQQ,
|1234|1234|1234|1234|1234|1234|
Flash ADDR < PC X PC+1 XEEADRH,EEADR X PC+3 X PC+4 X PC+5 )
| I I I I I I
! | | |
I 1
Flash Data ! >< INSTR (PC) >< INSTR (PC + 1) >< EEDATH,EEDAT >< INSTR (PC + 3) >< INSTR (PC + 4) >< |
| I I I I I I
| INSTR(PC-1) | BSFEECONLRD| INSTRPC+1) |  ForcedNoP | INSTR(PC+3) | INSTR(PC + 4) |
| executed here | executed here | executed here | executed here | executed here | executed here |
I I I | I I I
RD bit i | I/ | \ Il | |
| I I I I 1
I I I I I I I
EEDATH
= | | X | | |
Register | [ [ [ [ [ [
I I I I I I I
EERHLT | | / | \ | |
| I | | I I

DS40001262F-page 122
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FIGURE 11-6: EXAMPLE PWM (ENHANCED MODE) OUTPUT RELATIONSHIPS (ACTIVE-HIGH
STATE)
- . | . PR2+1

P1M<1:0> Signal 0 : < \lij:dStE : :
- . Perod ————»=
00 (Single Output) P1A Modulated ~ —_ | '
- Delay!) Delay® .

P1A Modulated — ___ 4<—>|—|4h I

10 (Half-Bridge) P1B Modulated — ___ : ! i

P1A Active —_ Z ;
(Full-Bridge, P1B Inactive _ !
01 Forward) o ! ' !
P1C Inactive _ \ ' !
P1D Modulated _ 4 | :
P1A Inactive _ . E E
1, (Full-Bridge, P1B Modulated — — | l !
Reverse) J— X . '
P1C Active —_— X : \
P1D Inactive — . . :

Relationships:

Period = 4 * Tosc * (PR2 + 1) * (TMR2 Prescale Value)

Pulse Width = Tosc * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)

Delay = 4 * Tosc * (PWM1CON<6:0>)

Note 1: Dead-band delay is programmed using the PWM1CON register (Section 11.4.6 “Programmable Dead-Band Delay
mode”).

DS40001262F-page 132 © 2005-2015 Microchip Technology Inc.
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11.4.6 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 11-8 for illustration. The
lower seven bits of the associated PWM1CON register
(Register 11-3) sets the delay period in terms of
microcontroller instruction cycles (Tcy or 4 Tosc).

FIGURE 11-17: EXAMPLE OF HALF-
BRIDGE PWM OUTPUT

Period Period
| Pulse Width |, | :
P1A@ | !
Lt I I I
[ [ I
[ td | I I
P1B@ | — = !
I : I_! I—l_
@ | (1) (1)

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 11-18: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Standard Half-Bridge Circuit (“ Push-Pull”)

FET
Driver

P1A IS

FET
Driver

v+

i —

16 -V
Load

P1B >

.|T$T|_
1}
< +

7|
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11.4.7.1 Steering Synchronization

The STRSYNC bit of the PSTRCON register gives the
user two selections of when the steering event will
happen. When the STRSYNC bit is ‘0", the steering
event will happen at the end of the instruction that
writes to the PSTRCON register. In this case, the
output signal at the P1<D:A> pins may be an
incomplete PWM waveform. This operation is useful
when the user firmware needs to immediately remove
a PWM signal from the pin.

When the STRSYNC bit is ‘1’, the effective steering
update will happen at the beginning of the next PWM
period. In this case, steering on/off the PWM output will
always produce a complete PWM waveform.

FIGURE 11-20:

Figures 11-20 and 11-21 illustrate the timing diagrams
of the PWM steering depending on the STRSYNC
setting.

EXAMPLE OF STEERING EVENT AT END OF INSTRUCTION (STRSYNC = 0)

< PWM Period ——

PWM Q I_‘

L L L

STRn |

)
P1<D:A> PORT Datay’, \ /

Pln=PWM

PORT Data

W

FIGURE 11-21:
(STRSYNC = 1)

EXAMPLE OF STEERING EVENT AT BEGINNING OF INSTRUCTION

PWM \_4

L L

I

STRn ;

P1<D:A> —(

PORT Data X

PORT Data

ST

Pln=PWM
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12.1 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VoH mark state which
represents a ‘1’ data bit, and a VoL space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
transmission port idles in the mark state. Each character
transmission consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is 8 bits. Each transmitted bit persists for a period
of 1/(Baud Rate). An on-chip dedicated 8-bit/16-bit Baud
Rate Generator is used to derive standard baud rate
frequencies from the system oscillator. See Table 12-5
for examples of baud rate configurations.

The EUSART transmits and receives the LSb first. The
EUSART's transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

12.11 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXREG register.

12.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1
* SYNC=0
* SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the EUSART and automatically
configures the TX/CK I/O pin as an output. If the TX/CK
pin is shared with an analog peripheral the analog 1/0
function must be disabled by clearing the corresponding
ANSEL bit.

Note 1: When the SPEN bit is set the RX/DT 1/O
pin is automatically configured as an input,
regardless of the state of the correspond-
ing TRIS bit and whether or not the
EUSART receiver is enabled. The RX/DT
pin data can be read via a normal PORT
read but PORT latch data output is pre-
cluded.

2: The TXIF transmitter interrupt flag is set

when the TXEN enable bit is set.

12.1.1.2  Transmitting Data

A transmission is initiated by writing a character to the
TXREG register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXREG is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXREG until the Stop bit of the
previous character has been transmitted. The pending
character in the TXREG is then transferred to the TSR
in one Tcy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXREG.

12.1.1.3  Transmit Interrupt Flag

The TXIF interrupt flag bit of the PIR1 register is set
whenever the EUSART transmitter is enabled and no
character is being held for transmission in the TXREG.
In other words, the TXIF bit is only clear when the TSR
is busy with a character and a new character has been
queued for transmission in the TXREG. The TXIF flag bit
is not cleared immediately upon writing TXREG. TXIF
becomes valid in the second instruction cycle following
the write execution. Polling TXIF immediately following
the TXREG write will return invalid results. The TXIF bit
is read-only, it cannot be set or cleared by software.

The TXIF interrupt can be enabled by setting the TXIE
interrupt enable bit of the PIE1 register. However, the
TXIF flag bit will be set whenever the TXREG is empty,
regardless of the state of TXIE enable bit.

To use interrupts when transmitting data, set the TXIE
bit only when there is more data to send. Clear the
TXIE interrupt enable bit upon writing the last character
of the transmission to the TXREG.
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12.3.2 AUTO-WAKE-UP ON BREAK

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper character reception cannot be
performed. The Auto-Wake-up feature allows the
controller to wake-up due to activity on the RX/DT line.
This feature is available only in Asynchronous mode.

The Auto-Wake-up feature is enabled by setting the
WUE bit of the BAUDCTL register. Once set, the normal
receive sequence on RX/DT is disabled, and the
EUSART remains in an ldle state, monitoring for a wake-
up event independent of the CPU mode. A wake-up
event consists of a high-to-low transition on the RX/DT
line. (This coincides with the start of a Sync Break or a
wake-up signal character for the LIN protocol.)

The EUSART module generates an RCIF interrupt
coincident with the wake-up event. The interrupt is
generated synchronously to the Q clocks in normal CPU
operating modes (Figure 12-7), and asynchronously if
the device is in Sleep mode (Figure 12-8). The interrupt
condition is cleared by reading the RCREG register.

The WUE bit is automatically cleared by the low-to-high
transition on the RX line at the end of the Break. This
signals to the user that the Break event is over. At this
point, the EUSART module is in Idle mode waiting to
receive the next character.

12.3.2.1 Special Considerations
Break Character

To avoid character errors or character fragments during
a wake-up event, the wake-up character must be all
zeros.

When the wake-up is enabled the function works
independent of the low time on the data stream. If the
WUE bit is set and a valid non-zero character is
received, the low time from the Start bit to the first rising
edge will be interpreted as the wake-up event. The
remaining bits in the character will be received as a
fragmented character and subsequent characters can
result in framing or overrun errors.

Therefore, the initial character in the transmission must
be all ‘0’s. This must be ten or more bit times, 13-bit
times recommended for LIN bus, or any number of bit
times for standard RS-232 devices.

Oscillator Startup Time

Oscillator start-up time must be considered, especially
in applications using oscillators with longer start-up
intervals (i.e., LP, XT or HS/PLL mode). The Sync
Break (or wake-up signal) character must be of
sufficient length, and be followed by a sufficient
interval, to allow enough time for the selected oscillator
to start and provide proper initialization of the EUSART.

WUE Bit

The wake-up event causes a receive interrupt by
setting the RCIF bit. The WUE bit is cleared in
hardware by a rising edge on RX/DT. The interrupt
condition is then cleared in software by reading the
RCREG register and discarding its contents.

To ensure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process
before setting the WUE bit. If a receive operation is not
occurring, the WUE bit may then be set just prior to
entering the Sleep mode.

AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION

10110203104 01/Q2103Q4Q102/0304Q1/Q2|Q3 Q4 Q102/Q3(Q4,01/Q2|Q3|Q4,01/Q2|Q3Q4,01/Q2|Q3|04,01]Q2|Q3|Q4,01/Q2|Q3|04,
A A A A A N N W W W AW AU AW AW AW AW AW W W AN AW A WA WA WA W W W W

| |
| I Auto Cleared l
V4 , \

) : |

FIGURE 12-7:
osci] . . . i
' Bit set by user ! Co oo
WUE bit - . { Col v
RX/DT Line : : O
RCIF ! : -

Note 1: The EUSART remains in Idle while the WUE bit is set.

Cleared due to User Read of RCREG —’f !
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13.8

In Master mode, all module clocks are halted and the
transmission/reception will remain in that state until the
device wakes from Sleep. After the device returns to
Normal mode, the module will continue to transmit/
receive data.

Sleep Operation

In Slave mode, the SPI Transmit/Receive Shift register
operates asynchronously to the device. This allows the
device to be placed in Sleep mode and data to be
shifted into the SPI Transmit/Receive Shift register.
When all eight bits have been received, the SSP inter-
rupt flag bit will be set and if enabled, will wake the
device from Sleep.

13.9

A Reset disables the SSP module and terminates the
current transfer.

Effects of a Reset

13.10 Bus Mode Compatibility

Table 13-1 shows the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits.

TABLE 13-1: SPIBUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0,0 0 1
0,1 0 0
1,0 1 1
1,1 1 0

There is also a SMP bit which controls when the data is
sampled.

TABLE 13-2: REGISTERS ASSOCIATED WITH SPI OPERATION(®
Value on | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
0Bh/8Bh/ INTCON GIE PEIE TOIE INTE RABIE TOIF INTF RABIF | 0000 000x | 0000 000x
10Bh/18Bh
0Ch PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | - 000 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 [ 0000 0000
86h/186h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 — — — — 1111 ---- [ 1111 ----
87h/187h TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111
8Ch PIE1 — ADIE RCIE TXIE SSPIE | CCPlIE | TMR2IE | TMR1IE | -000 0000 | -000 0000
94h SSPSTAT SMP CKE D/A P S RIW UA BF 0000 0000 | 0000 0000
Legend: x =unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the SSP in SPI mode.

Note 1: PIC16F677/PIC16F687/PIC16F689/PIC16F690 only.
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FIGURE 14-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —/
MCLR
Internal POR |_|
. TPWRT !
PWRT Time-out L—TOST—>1
OST Time-out

Internal Reset

FIGURE 14-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2
VDD —/
MCLR
Internal POR H
X TPWRT

+<—TosT—

PWRT Time-out

OST Time-out | !

Internal Reset

FIGURE 14-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD)
VDD —/

MCLR

Internal POR H

| ~——— TPWRT—!

PWRT Time-out e TOST >

|

Internal Reset ‘

OST Time-out
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TABLE 14-4: INITIALIZATION CONDITION FOR REGISTER (CONTINUED)
_ MCLR Reset " hrough mterrupt.
Register Address | Power-on Reset Wg:osve:itu(tCFc;g;lerltjlt)ad) Wake-up from Sleep
through WDT Time-out

TRISB 86h/186h 1111 ---- 1111 ---- uuuu - ---
TRISC 87h/187h 1111 1111 1111 1111 uuuu uuuu
PIE1 8Ch - 000 0000 -000 0000 -uuu uuuu
PIE2 8Dh 0000 ---- 0000 ---- uuuu uuuu
PCON 8Eh --01 --0x --0u --ug®® --uu --uu
OSCCON 8Fh -110 9000 -110 9000 - uuu uuuu
OSCTUNE 90h ---0 0000 ---Uu uuuu ---Uu uuuu
PR2 92h 1111 1111 1111 1111 uuuu uuuu
SSPADD 93h 0000 0000 1111 1111 uuuu uuuu
SsPMsK®) 93h B 1111 1111 uuuu uuuu
SSPSTAT 94h 0000 0000 1111 1111 uuuu uuuu
WPUA 95h --11 -111 --11 -111 uuuu uuuu
IOCA 96h --00 0000 --00 0000 --uu uuuu
WDTCON 97h ---0 1000 ---0 1000 ---Uu uuuu
TXSTA 98h 0000 0010 0000 0010 uuuu uuuu
SPBRG 99h 0000 0000 0000 0000 uuuu uuuu
SPBRGH 9Ah 0000 0000 0000 0000 uuuu uuuu
BAUDCTL 9Bh 01-0 0-00 01-0 0-00 uu-u u-uu
ADRESL 9Eh XXXX XXXX uuuu uuuu uuuu uuuu
ADCON1 9Fh -000 ---- -000 ---- -uuu ----
EEDAT 10Ch 0000 0000 0000 0000 uuuu uuuu
EEADR 10Dh 0000 0000 0000 0000 uuuu uuuu
EEDATH 10Eh --00 0000 --00 0000 --uu uuuu
EEADRH 10Fh ---- 0000 ---- 0000 ---- uuuu
WPUB 115h 1111 ---- 1111 ---- uuuu - ---
10CB 116h 0000 ---- 0000 ---- uuuu ----
VRCON 118h 0000 0000 0000 0000 uuuu uuuu
CM1CONO 119h 0000 -000 0000 -000 uuuu - uuu
CM2CONO 11Ah 0000 -000 0000 - 000 uuuu -uuu
CM2CON1 11Bh 00-- --00 00-- --10 uu-- --uu
ANSEL 11Eh 1111 1111 1111 1111 uuuu uuuu
ANSELH 11Fh ---- 1112 ---- 1111 ---- uuuu
EECON1 18Ch x--- x000 u--- q000 ---- uuuu
EECON2 18Dh smee e R T
PSTRCON 19Dh ---0 0001 ---0 0001 ---U uuuu
SRCON 19EH 0000 00- - 0000 00- - uuuu uu- -
Legend: u =unchanged, x = unknown, —= unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2:  One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).
See Table 14-5 for Reset value for specific condition.
If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.
Accessible only when SSPM<3:0>=1001.

TABLE 14-5:

INITIALIZATION CONDITION FOR SPECIAL REGISTERS
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MOVF Move f MOVWF Move W to f
Syntax: [label] MOVF fd Syntax: [label] MOVWF f
Operands: 0<f<127 Operands: 0<f<127
de[0,1] Operation: (W) — (f)
Operation: () — (dest) Status Affected:  None
Status Affected:  Z Description: Move data from W register to
Description: The contents of register ' is register ‘f'.
moved to a destination dependent Words: 1
upon the status of ‘d". If d = 0, ]
destination is W register. If d = 1, Cycles: 1
the destination is file register ‘f’ Example: MOVW  OPTI ON
itself. d = 1 is useful to test a file F
register since status flag Z is Before Instruction
affected. OPTION=  OxFF
Words: 1 W = Ox4F
Cycles: 1 After Instruction
OPTION=  Ox4F
Example: MOVF FSR, 0 W =  Ox4F
After Instruction
W = valuein FSR
register
Z = 1
MOVLW Move literal to W NOP No Operation
Syntax: [label] MOVLW k Syntax: [label] NOP
Operands: 0< k<255 Operands: None
Operation: k — (W) Operation: No operation
Status Affected: None Status Affected:  None
Description: The 8-bit literal ‘k’ is loaded into W Description: No operation.
register. The “don’t cares” will Words: 1
assemble as ‘0’s. '
Cycles: 1
Words: 1 £ | NGP
xample:
Cycles: 1
Example: MOVLW  Ox5A

After Instruction

W = Ox5A
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FIGURE 17-9: CAPTURE/COMPARE/PWM TIMINGS (ECCP)

CCP1
(Capture mode) —m

l«——CCOl—»' '«—CC02—>!

CCo03

Note: Refer to Figure 17-3 for load conditions.

TABLE 17-6: CAPTURE/COMPARE/PWM REQUIREMENTS (ECCP)

Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA < +125°C

Pilrg\m Sym. Characteristic Min. Typt | Max. | Units | Conditions
CCO01* |TccL CCP1 Input Low Time No Prescaler 0.5Tcy +20 | — — ns
With Prescaler 20 — — ns
CC02* |TccH CCP1 Input High Time No Prescaler 0.5Tcy +20 | — — ns
With Prescaler 20 — — ns
CC03* |TccP CCP1 Input Period 3Tcy +40 — — ns |N =prescale
N value (1, 4 or
16)

* These parameters are characterized but not tested.

T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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TABLE 17-20: DC CHARACTERISTICS FOR Ipb SPECIFICATIONS FOR PIC16F685/687/689/690-H

(High Temp.)
; Condition
Pilram ch Dewcg . Units Min. Typ. Max.
0. aracteristics VDD Note
DO020E |Power Down Base — — 27 2.1 IPD Base: WDT, BOR,
Current (IPD) — — 29 pA 3.0 Comparators, VREF and

_ _ 32 50 Tlosc disabled

D021E — — 55 2.1
— — 59 pA 3.0 WDT Current
— — 69 5.0

D022E — — 75 3.0

pA BOR Current

— — 147 5.0

D023E — — 73 2.1
— — 17 uA 3.0 Comparator current, both

comparators enabled

— — 235 5.0

DO024E — — 102 2.1
— — 128 pA 3.0 CVREF current, high range
— — 170 5.0

D024AE — — 133 2.1
— — 167 pA 3.0 CVREF current, low range
— — 222 5.0

DO025E — — 36 2.1
— — 41 pA 3.0 T1osc current, 32 kHz
— — 47 5.0

DO26E — — 22 A 3.0 Analog-to-Digital current,
_ _ 24 H 5.0 Nno conversion in progress

DO27E — — 189 A 3.0 VP6 current (Fixed Voltage
— — 250 H 5.0 Reference)

TABLE 17-21: LEAKAGE CURRENT SPECIFICATION

S FOR PIC16F685/687/689/690-H (High Temp.)

P;a\lr;m Sym. Characteristic Min. Typ. Max. | Units Conditions

D061 |l Input Leakage Current?) — +0.5 +5.0 HA |Vss <VPIN < VDD
(RA3/MCLR)

D062 |IiL Input Leakage Current® 50 250 400 PA |VDD=5.0V
(RA3/MCLR)

Note 1: This specification applies when RA3/MCLR is configured as an input with the pull-up disabled. The

leakage current for the RA3/MCLR pin is higher than for the standard I/O port pins.

This specification applies when RA3/MCLR is configured as the MCLR reset pin function with the weak
pull-up enabled.

TABLE 17-22: DATA EEPROM MEMORY ENDURANCE SPECIFICATIONS FOR
PIC16F685/687/689/690-H (High Temp.)

P;a\lr:m Sym. Characteristic Min. Typ. Max. | Units Conditions
D120A |ED Byte Endurance 5K 50K — E/W [126°C < TA<150°C

DS40001262F-page 256
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TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (5V, 125°C)

FIGURE 18-52:
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FIGURE 18-53:
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