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FIGURE 1-5: PIC16F690 BLOCK DIAGRAM
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TABLE 1-5: PINOUT DESCRIPTION — PIC16F690

Name Function I_Ir_1yppuet O_;J;Sgt Description
RAO/ANO/C1IN+/ICSPDAT/ RAO TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-
ULPWU change. Individually enabled pull-up.

ANO AN — A/D Channel 0 input.
C1IN+ AN — Comparator C1 positive input.
ICSPDAT | TTL | CMOS [ICSP™ Data I/O.
ULPWU AN — Ultra Low-Power Wake-up input.
RA1/AN1/C12INO-/VREF/ICSPCLK RA1 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN1 AN — A/D Channel 1 input.
C12INO- AN — Comparator C1 or C2 negative input.
VREF AN — External Voltage Reference for A/D.
ICSPCLK ST — ICSP™ clock.
RA2/AN2/TOCKI/INT/C1OUT RA2 ST CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN2 AN — A/D Channel 2 input.
TOCKI ST — TimerO clock input.
INT ST — External interrupt.
C1louT — CMOS | Comparator C1 output.
RA3/MCLR/VpPP RA3 TTL — General purpose input. Individually controlled interrupt-on-
change.
MCLR ST — Master Clear with internal pull-up.
VPP HV — Programming voltage.
RA4/AN3/T1G/OSC2/CLKOUT RA4 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN3 AN — A/D Channel 3 input.
T1G ST — Timerl gate input.
0SsC2 — XTAL | Crystal/Resonator.
CLKOUT — CMOS | Fosc/4 output.
RA5/T1CKI/OSC1/CLKIN RA5 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
T1CKI ST — Timer1 clock input.
0OSsC1 XTAL — Crystal/Resonator.
CLKIN ST — External clock input/RC oscillator connection.
RB4/AN10/SDI/SDA RB4 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN10 AN — A/D Channel 10 input.
SDI ST — SPI data input.
SDA ST OD |I1’C™ data input/output.
RB5/AN11/RX/DT RB5 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN11 AN — A/D Channel 11 input.
RX ST — EUSART asynchronous input.
DT ST CMOS | EUSART synchronous data.
Legend: AN Analog input or output CMOS=CMOS compatible input or outputOD=  Open Drain

TTL
HV = High Voltage

TTL compatible input

ST=
XTAL=

Schmitt Trigger input with CMOS levels

Crystal
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REGISTER 8-2: CM2CONO: COMPARATOR C2 CONTROL REGISTER O

R/W-0

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

R/W-0 R/W-0

C20N

c20uT C20E C2POL = C2R

C2CH1 C2CHO

bit 7

bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared

X = Bit is unknown

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1-0

Note 1:

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

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

C20E: Comparator C2 Output Enable bit

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

C1POL: Comparator C1 Output Polarity Select bit

1 = C10UT logic is inverted
0 = C10UT logic is not inverted

Unimplemented: Read as ‘0’

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

0 = C2VIN+ connects to C2IN+ pin

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

00 = C2VIN- of C2 connects to C12INO- pin

01 = C2VIN- of C2 connects to C12IN1- pin

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

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

© 2005-2015 Microchip Technology Inc.
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REGISTER 8-4: SRCON: SR LATCH CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/S-0 R/S-0 u-0 u-0
SR1®@ SR0® C1SEN C2REN PULSS PULSR — —
bit 7 bit 0

Legend: S =Bitis setonly

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 SR1: SR Latch Configuration bit®

1= C20UT pin is the latch Q output
0 = C20UT pin is the C2 comparator output
bit 6 SRO: SR Latch Configuration bits®

1 = C1O0UT pin is the latch Q output
0 = C10UT pin is the Comparator C1 output

bit 5 C1SEN: C1 Set Enable bit

1 = C1 comparator output sets SR latch
0 = C1 comparator output has no effect on SR latch

bit 4 C2REN: C2 Reset Enable bit

1 = C2 comparator output resets SR latch

0 = C2 comparator output has no effect on SR latch
bit 3 PULSS: Pulse the SET Input of the SR Latch bit

1 = Triggers pulse generator to set SR latch. Bit is immediately reset by hardware.
0 = Does not trigger pulse generator

bit 2 PULSR: Pulse the Reset Input of the SR Latch bit

1 = Triggers pulse generator to reset SR latch. Bit is immediately reset by hardware.
0 = Does not trigger pulse generator

bit 1-0 Unimplemented: Read as ‘0’

Note 1: The CxOUT bit in the CMxCONO register will always reflect the actual comparator output (not the level on
the pin), regardless of the SR latch operation.

2:  To enable an SR latch output to the pin, the appropriate CxOE and TRIS bits must be properly configured.
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8.10.5 FIXED VOLTAGE REFERENCE

The Fixed Voltage Reference is independent of VDD,
with a nominal output voltage of 0.6V. This reference
can be enabled by setting the VP6EN bit of the VRCON
register to ‘1'. This reference is always enabled when
the HFINTOSC oscillator is active.

8.10.6 FIXED VOLTAGE REFERENCE
STABILIZATION PERIOD

When the Fixed Voltage Reference module is enabled,
it will require some time for the reference and its
amplifier circuits to stabilize. The user program must
include a small delay routine to allow the module to
settle. See the electrical specifications section for the
minimum delay requirement.

8.10.7 VOLTAGE REFERENCE
SELECTION

Multiplexers on the output of the Voltage Reference
module enable selection of either the CVREF or Fixed
Voltage Reference for use by the comparators.

Setting the C1VREN bit of the VRCON register enables
current to flow in the CVREF voltage divider and selects
the CVREF voltage for use by C1. Clearing the C1VREN
bit selects the fixed voltage for use by C1.

Setting the C2VREN bit of the VRCON register enables
current to flow in the CVREF voltage divider and selects
the CVREF voltage for use by C2. Clearing the C2VREN
bit selects the fixed voltage for use by C2.

When both the CLVREN and C2VREN bits are cleared,
current flow in the CVREF voltage divider is disabled
minimizing the power drain of the voltage reference

peripheral.
FIGURE 8-8: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
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Note 1: Care should be taken to ensure VREF remains
within the comparator Common mode input
range. See Section 17.0 “Electrical Specifica-
tions” for more detail.
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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 11-13: EXAMPLE OF PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE
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Note 1: All signals are shown as active-high.

2: ToNis the turn-on delay of power switch QC and its driver.
3: ToFr is the turn-off delay of power switch QD and its driver.
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11.4.3 START-UP CONSIDERATIONS

When any PWM mode is used, the application
hardware must use the proper external pull-up and/or
pull-down resistors on the PWM output pins.

Note:  When the microcontroller is released from
Reset, all of the 1/O pins are in the high-
impedance state. The external circuits
must keep the power switch devices in the
OFF state until the microcontroller drives
the 1/0O pins with the proper signal levels or
activates the PWM output(s).

The CCP1M<1:0> bits of the CCP1CON register allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output pins
(P1A/P1C and P1B/P1D). The PWM output polarities
must be selected before the PWM pin output drivers are
enabled. Changing the polarity configuration while the
PWM pin output drivers are enabled is not recommended
since it may result in damage to the application circuits.

The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is
initialized. Enabling the PWM pin output drivers at the
same time as the Enhanced PWM modes may cause
damage to the application circuit. The Enhanced PWM
modes must be enabled in the proper Output mode and
complete a full PWM cycle before enabling the PWM
pin output drivers. The completion of a full PWM cycle
is indicated by the TMR2IF bit of the PIR1 register
being set as the second PWM period begins.

DS40001262F-page 138
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11.4.7 PULSE STEERING MODE

In Single Output mode, pulse steering allows any of the
PWM pins to be the modulated signal. Additionally, the
same PWM signal can be simultaneously available on
multiple pins.

Once the Single Output mode is selected
(CCP1M<3:2>=11 and P1M<1:0>=00 of the
CCP1CON register), the user firmware can bring out
the same PWM signal to one, two, three or four output
pins by setting the appropriate STR<D:A> bits of the
PSTRCON register, as shown in Figure 11-19.

Note:  The associated TRIS bits must be set to
output (‘0’) to enable the pin output driver
in order to see the PWM signal on the pin.

While the PWM Steering mode is active, CCP1M<1:0>
bits of the CCP1CON register select the PWM output
polarity for the P1<D:A> pins.

The PWM auto-shutdown operation also applies to
PWM Steering mode as described in Section 11.4.4
“Enhanced PWM Auto-shutdown mode”. An auto-
shutdown event will only affect pins that have PWM
outputs enabled.

REGISTER 11-4: PSTRCON: PULSE STEERING CONTROL REGISTER®

R = Readable bit W = Writable bit

uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1

— — — STRSYNC STRD STRC STRB STRA
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 STRSYNC: Steering Sync bit

1 = Output steering update occurs on next PWM period
0 = Output steering update occurs at the beginning of the instruction cycle boundary

bit 3 STRD: Steering Enable bit D

1 = P1D pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1D pin is assigned to port pin
bit 2 STRC: Steering Enable bit C

1 = P1C pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1C pin is assigned to port pin
bit 1 STRB: Steering Enable bit B

1 = P1B pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1B pin is assigned to port pin
bit 0 STRA: Steering Enable bit A

1 = P1A pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1A pin is assigned to port pin

Note 1: The PWM Steering mode is available only when the CCP1CON register bits CCP1M<3:2> = 11 and

P1M<1:0> = 00.

DS40001262F-page 144
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12.1.1.4 TSR Status

The TRMT bhit of the TXSTA register indicates the
status of the TSR register. This is a read-only bit. The
TRMT bit is set when the TSR register is empty and is
cleared when a character is transferred to the TSR
register from the TXREG. The TRMT bit remains clear
until all bits have been shifted out of the TSR register.
No interrupt logic is tied to this bit, so the user has to
poll this bit to determine the TSR status.

Note:  The TSR register is not mapped in dataI
memory, so it is not available to the user.
12.1.1.5  Transmitting 9-Bit Characters

The EUSART supports 9-bit character transmissions.
When the TX9 bit of the TXSTA register is set the
EUSART will shift nine bits out for each character trans-
mitted. The TX9D bit of the TXSTA register is the ninth,
and Most Significant, data bit. When transmitting 9-bit
data, the TX9D data bit must be written before writing
the eight Least Significant bits into the TXREG. All nine
bits of data will be transferred to the TSR shift register
immediately after the TXREG is written.

A special 9-bit Address mode is available for use with
multiple receivers. See Section 12.1.2.7 “Address
Detection” for more information on the Address mode.

12.1.1.6 Asynchronous Transmission Set-up:

1. Initialize the SPBRGH, SPBRG register pair and
the BRGH and BRG16 bits to achieve the desired
baud rate (see Section 12.3 “EUSART Baud
Rate Generator (BRG)").

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. If 9-bit transmission is desired, set the TX9 con-
trol bit. A set ninth data bit will indicate that the
eight Least Significant data bits are an address
when the receiver is set for address detection.

4. Enable the transmission by setting the TXEN
control bit. This will cause the TXIF interrupt bit
to be set.

5. If interrupts are desired, set the TXIE interrupt
enable bit of the PIE1 register. An interrupt will
occur immediately provided that the GIE and
PEIE bits of the INTCON register are also set.

6. If 9-bit transmission is selected, the ninth bit
should be loaded into the TX9D data bit.

7. Load 8-bit data into the TXREG register. This
will start the transmission.

FIGURE 12-3: ASYNCHRONOUS TRANSMISSION
Write to TXREG I ((
BRG Output word 1 2 )
utpu !
(Shift Clock) — L ' I L I ) S_t | I 1 —
TX/CK - : !
pin TN Start bit bito X hitl ><j S ~ hit 7/8 Stop bit .
) Co Word 1 . '
TXIF bit \ ! '
(Transmit Buffer —-' «1Tcy (( :
Reg. Empty Flag) |_| ) ) ;
. Word1l — !
(Tran-srr?:}/l;hbig Transmit Shift Reg '
Reg. Empty Flag) —| ((
))
FIGURE 12-4: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG 1 I ((
BRG Output Word 1 Word 2 ))
(Shift Clock) [ 1 : [ 1 : ] 1 [ S ( | [ I ] 1
TX/CK L 3 )
pin T N Startbit < pito X bitl ><j D( bit7/8 stop bit \Startbit < bit0
TXIF bit 1Toy = = | — Word 1 } Word 2 ———
(Transmit Buffer L] L ((
Reg. Empty Flag) - = 1Tcv ))
TRMT bit Word 1 ———» Word2 —
(Transmit Shift Transmit Shift Reg Transmit Shift Reg
Reg. Empty Flag) — ((
) )
Note: This timing diagram shows two consecutive transmissions.
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TABLE 12-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
BAUDCTL | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN | 01-0 0-00 | 01-0 0-00
INTCON GIE PEIE TOIE INTE RABIE TOIF INTF RABIF | 0000 000x | 0000 000x
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRI1IE | - 000 0000 | - 000 0000
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | - 000 0000 | - 000 0000
RCREG EUSART Receive Data Register 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D | 0000 000x | 0000 000x
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO | 0000 0000 | 0000 0000
SPBRGH BRG15 | BRG14 | BRG13 | BRG12 | BRG11 | BRG10 BRG9 BRG8 | 0000 0000 | 0000 0000
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 1111 ---- | 121211 ----
TXREG EUSART Transmit Data Register 0000 0000 | 0000 0000
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 0000 0010 | 0000 0010
Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Transmission.
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12.1.2.8 Asynchronous Reception Set-up:

1. Initialize the SPBRGH, SPBRG register pair and
the BRGH and BRG16 bits to achieve the

12.1.2.9 9-bit Address Detection Mode Set-up

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address

desired baud rate (see Section 12.3 “EUSART
Baud Rate Generator (BRG)").

Detect Enable:

1. Initialize the SPBRGH, SPBRG register pair and

2. Enable the serial port by setting the SPEN bit. the BRGH and BRG16 bits to achieve the
The SYNC bit must be clear for asynchronous desired baud rate (see Section 12.3 “EUSART
operation. Baud Rate Generator (BRG)").

3. If interrupts are desired, set the RCIE bit of the 2. Enable the serial port by setting the SPEN bit.
PIE1 register and the GIE and PEIE bits of the The SYNC bit must be clear for asynchronous
INTCON register. Operation_

4. If 9-bit reception is desired, set the RX9 bit. 3. If interrupts are desired, set the RCIE bit of the

5. Enable reception by setting the CREN bit. PIE1 register and the GIE and PEIE bits of the

6. The RCIF interrupt flag bit will be set when a INTCON register.
character is transferred from the RSR to the 4. Enable 9-bit reception by setting the RX9 bit.
receive buffer. An interrupt will be generated if 5. Enable address detection by setting the ADDEN
the RCIE interrupt enable bit was also set. bit.

7. Read the RCSTA register to get the error flags 6. Enable reception by setting the CREN bit.
and, |f.9-b|t data reception is enabled, the ninth 7. The RCIF interrupt flag bit will be set when a
data bit. character with the ninth bit set is transferred

8. Get the received 8 Least Significant data bits from the RSR to the receive buffer. An interrupt
from the receive buffer by reading the RCREG will be generated if the RCIE interrupt enable bit
register. was also set.

9. If an overrun occurred, clear the OERR flag by 8. Read the RCSTA register to get the error flags.
clearing the CREN receiver enable bit. The ninth data bit will always be set.

9. Getthe received eight Least Significant data bits
from the receive buffer by reading the RCREG
register. Software determines if this is the
device's address.

10. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts.

FIGURE 12-5: ASYNCHRONOUS RECEPTION

) Start . . . Start — - Start -
RX/DT pin bit_(bit 0 bit 1§ {~Ybit 778/ Sgci)tp\ bit_oit 0 Y (" Ybit7ig Siop\_bi A ot ) siop
Rcv Shift l
. (( (( .
553 Buffer Re )) )) J S S '
9 Word 2 T '
RCREG '
RCIDL — S S ] — —
Read Rcv !
Buffer Reg S S 5 S S S : [T
RCREG ! ’)
(( (( '
RCIF ((
(Interrupt Flag) )) ) ))
i (( (( (C
OERR bit ) ) B 1
CREN (( (C (( 3
)) )) )) _
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.
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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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13.12.3 SSP MASK REGISTER

An SSP Mask (SSPMSK) register is available in 12C
Slave mode as a mask for the value held in the
SSPSR register during an address comparison
operation. A zero (‘0’) bit in the SSPMSK register has
the effect of making the corresponding bit in the

This register must be initiated prior to setting
SSPM<3:0> bits to select the 1°C Slave mode (7-bit or
10-bit address).

This register can only be accessed when the appropriate
mode is selected by bits (SSPM<3:0> of SSPCON).

The SSP Mask register is active during:

SSPSR register a ‘don’t care’. .
» 7-bit Address mode: address compare of A<7:1>.

» 10-bit Address mode: address compare of A<7:0>
only. The SSP mask has no effect during the
reception of the first (high) byte of the address.

This register is reset to all ‘l's upon any Reset
condition and, therefore, has no effect on standard
SSP operation until written with a mask value.

REGISTER 13-3: SSPMSK: SSP MASK REGISTER(®)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSK0@
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 7-1 MSK<7:1>: Mask bits

1 = The received address bit n is compared to SSPADD<n> to detect 12C address match
0 = The received address bit n is not used to detect 1°C address match

bit O MSK<0>: Mask bit for I2C Slave mode, 10-bit Address(®
I2C Slave mode, 10-bit Address (SSPM<3:0> = 0111):
1 = The received address bit 0 is compared to SSPADD<0> to detect I°C address match
0 = The received address bit 0 is not used to detect 1°C address match

Note 1. When SSPCON bits SSPM<3:0> = 1001, any reads or writes to the SSPADD SFR address are accessed
through the SSPMSK register. The SSPEN bit of the SSPCON register should be zero when accessing
the SSPMSK register.

2: In all other SSP modes, this bit has no effect.
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14.2 Reset

The PIC16F631/677/685/687/689/690 differentiates
between various kinds of Reset:

a) Power-on Reset (POR)

b) WDT Reset during normal operation

c) WDT Reset during Sleep

d) MCLR Reset during normal operation

e) MCLR Reset during Sleep

f)  Brown-out Reset (BOR)

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on:

¢ Power-on Reset

« MCLR Reset

« MCLR Reset during Sleep

* WDT Reset

* Brown-out Reset (BOR)

They are not affected by a WDT Wake-up since this is
viewed as the resumption of normal operation. TO and
PD bits are set or cleared differently in different Reset
situations, as indicated in Table 14-2. These bits are
used in software to determine the nature of the Reset.
See Table 14-4 for a full description of Reset states of
all registers.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 14-1.

The MCLR Reset path has a noise filter to detect and
ignore small pulses. See Section 17.0 “Electrical
Specifications” for pulse-width specifications.

FIGURE 14-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
7
MCLR/VPP pin

Sleep

WDT WDT

Module [ Time-out
Reset
o VDD Rise

Detect
Power-on Reset
VDD
L Brown-out™®
Reset BOREN
SBOREN

OST/PWRT
OST

CLKI pin

Chip_Reset
R Q —»

10-bit Ripple Counter I
osci/ —i/

PWRT
LFINTOSC~I> 11-bit Ripple Counter |7

Enable PWRT

Enable OST

Note 1: Refer tothe Configuration Word register (Register 14-1).
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14.2.4 BROWN-OUT RESET (BOR)

The BORENO and BORENL1 bits in the Configuration
Word register select one of four BOR modes. Two
modes have been added to allow software or hardware
control of the BOR enable. When BOREN<1:0> =01,
the SBOREN bit (PCON<4>) enables/disables the
BOR allowing it to be controlled in software. By
selecting BOREN<1:0>, the BOR is automatically
disabled in Sleep to conserve power and enabled on
wake-up. In this mode, the SBOREN bit is disabled.
See Register 14-2 for the Configuration Word
definition.

If VDD falls below VBOR for greater than parameter
(TBOR) (see Section 17.0 “Electrical Specifications”),
the Brown-out situation will reset the device. This will
occur regardless of VDD slew rate. A Reset is not insured
to occur if VDD falls below VBOR for less than parameter
(TBOR).

On any Reset (Power-on, Brown-out Reset, Watchdog
Timer, etc.), the chip will remain in Reset until VDD rises
above VBOR (see Figure 14-3). The Power-up Timer
will now be invoked, if enabled and will keep the chip in
Reset an additional 64 ms.

Note:  The Power-up Timer is enabled by the
PWRTE bit in the Configuration Word
register.

If VDD drops below VBOR while the Power-up Timer is
running, the chip will go back into a Brown-out Reset
and the Power-up Timer will be re-initialized. Once VDD
rises above VBOR, the Power-up Timer will execute a
64 ms Reset.

FIGURE 14-3: BROWN-OUT SITUATIONS
VDD
______________\__/[ _________________ VBOR
|
Internal
Reset 64 ms®
VDD
_____________W___ _____________ VBOR
MM
Internal [ <eamse—-—»
Reset 64 ms®
VDD
_____ \_____________f_____________ VBOR
) :
Internal -
Reset ' 64mst)
Note 1: 64 ms delay only if PWRTE bit is programmed to ‘0.
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FIGURE 17-1: PIC16F631/677/685/687/689/690 VOLTAGE-FREQUENCY GRAPH,
-40°C <TA <+125°C

55

5.0

4.5

4.0

VoD (V)

35

3.0

25

2.0

0 8 10 20
Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 17-2: HFINTOSC FREQUENCY ACCURACY OVER DEVICE Vbbb AND TEMPERATURE
125
+ 5%
85 +
o + 2%
N 60 +
(O]
5
©
-
IS
@
O =€
f f f f } }
2.0 2.5 3.0 35 4.0 4.5 5.0 55
VDD (V)
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17.2 DC Characteristics: PIC16F631/677/685/687/689/690-1 (Industrial)
PIC16F631/677/685/687/689/690-E (Extended) (Continued)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < Ta < +85°C for industrial
-40°C < TA < +125°C for extended
Conditions
Pilram Device Characteristics Min. Typt | Max. Units
0. VDD Note
D020 Power-down Base — 0.05 1.2 pA 2.0 WDT, BOR, Comparators, VREF and
Current(IPD)(z) _ 0.15 15 HA 3.0 T10OSC disabled
— 0.35 1.8 pA 5.0
— 90 500 nA 3.0 -40°C < TA< +25°C
D021 — 1.0 2.2 pA 2.0 |wDT Current®
— 2.0 4.0 pA 3.0
— 3.0 7.0 pA 5.0
D022 — 42 60 pA 30 |BOR Current®
— 85 122 pA 5.0
D023 — 32 45 pA 2.0 Comparator current®, both
_ 60 78 WA 3.0 comparators enabled
— 120 160 pA 5.0
D024 — 30 36 pA 2.0 | cVrer Current® (high range)
— 45 55 pA 3.0
— 75 95 pA 5.0
D024a* — 39 47 pA 2.0 | cvrer current® (low range)
— 59 72 pA 3.0
— 98 124 pA 5.0
D025 — 2.0 5.0 pA 2.0 T10SC Current, 32.768 kHz
— 25 5.5 pA 3.0
— 3.0 7.0 pA 5.0
D026 — 0.30 1.6 pA 3.0 A/D Current®, no conversion in
— 0.36 1.9 pA 50 |Progress
D027 — 90 125 pA 3.0 VP6 Current
— 125 162 pA 5.0
T Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: The test conditions for all IDD measurements in Active Operation mode are: OSC1 = external square wave, from
rail-to-rail; all /O pins tri-stated, pulled to Vbb; MCLR = VDD; WDT disabled.

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

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

4: The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.

5:  The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with

the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD.
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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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FIGURE 17-12: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)

v . 78 79

(CKP = 1) ! , ! A /:

SDO

SDI

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

FIGURE 17-13: SPI MASTER MODE TIMING (CKE =1, SMP = 1)

81
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71— e 72— — -
N ”

SCK
(CKP = 1)

SDO \ . IMSb X bitG-?\;---l >< LSb

SDI

Note: Refer to Figure 17-3 for load conditions.
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FIGURE 18-8: TYPICAL IpD vs. VDD OVER Fosc (EXTRC MODE)
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FIGURE 18-9: MAXIMUM Ipp vs. Vbb OVER Fosc (EXTRC MODE)
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