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PIC16(L)F1614/8

REGISTER 7-9: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3

uU-0 u-0 R/W-0/0 R/W-0/0 u-0 u-0 R/W-0/0 R/W-0/0
— — CWGIF zcoF | — | — CLC2IF CLC1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5 CWGIF: CWG Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 ZCDIF: ZCD Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3-2 Unimplemented: Read as ‘0’
bit 1 CLC2IF: Configurable Logic Block 2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 CLC1IF: Configurable Logic Block 1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear prior
to enabling an interrupt.
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REGISTER 9-2: WDTCON1: WATCHDOG TIMER CONTROL REGISTER 1
U-0 R/W(3)-q/q(1) R/W(3)_q/q(l) R/W(3)-q/q(1) U-0 R,W(4)_q/q(2) R/W(4)_q/q(2) R,W(4)_q/q(2)
- WDTCS<2:0> - WINDOW<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6-4 WDTCS<2:0>: Watchdog Timer Clock Select bits
111 = Reserved
010 = Reserved
001 = MFINTOSC 31.25 kHz
000 = LFINTOSC 31 kHz
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WINDOW<2:0>: Watchdog Timer Window Select bits
WiNDoW<2:0> | et hE T | ercent of dme
111 N/A 100
110 12.5 87.5
101 25 75
100 37.5 62.5
011 50 50
010 62.5 375
001 75 25
000 87.5 12.5
Note 1: If WDTCCS <2:0>in CONFIG3 = 111, the Reset value of WDTCS<2:0> is 000.
2:  The Reset value of WINDOW<2:0> is determined by the value of WDTCWS<2:0> in the CONFIG3 register.
3: IfWDTCCS<2:0> in CONFIG3 # 111, these bits are read-only.
4: If WDTCWS<2:0> in CONFIG3 # 111, these bits are read-only.
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REGISTER 12-11: LATB: PORTB DATA LATCH REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u u-0 U-0 uU-0 u-0
LATB7 LATB6 LATB5 LATB4 — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared
bit 7-4 LATB<7:4>: RB<7:4> Output Latch Value bits(!
bit 3-0 Unimplemented: Read as ‘0’

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is
return of actual I/O pin values.

REGISTER 12-12: ANSELB: PORTB ANALOG SELECT REGISTER

uU-0 uU-0 R/W-1/1 R/W-1/1 uU-0 uU-0 U-0 uU-0
— — ANSB5 ANSB4 — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 ANSB<5:4>: Analog Select between Analog or Digital Function on Pins RB<5:4>, respectively

1 = Analog input. Pin is assigned as analog input(Y). Digital input buffer disabled.
0 = Digital I/0. Pin is assigned to port or digital special function.

bit 3-0 Unimplemented: Read as ‘0’

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.
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17.2 ADC Operation

17.21 STARTING A CONVERSION

To enable the ADC module, the ADON bit of the
ADCONO register must be set to a ‘1’. Setting the GO/
DONE bit of the ADCONO register to a ‘1’ will start the
Analog-to-Digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section17.2.6 “ADC Conver-
sion Procedure”.

17.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:
* Clear the GO/DONE bit

» Set the ADIF Interrupt Flag bit

» Update the ADRESH and ADRESL registers with
new conversion result

17.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the GO/DONE bit can be cleared in software. The
ADRESH and ADRESL registers will be updated with
the partially complete Analog-to-Digital conversion
sample. Incomplete bits will match the last bit
converted.

Note: A device Reset forces all registers to their
Reset state. Thus, the ADC module is
turned off and any pending conversion is
terminated.

17.2.4 ADC OPERATION DURING SLEEP

The ADC module can operate during Sleep. This
requires the ADC clock source to be set to the FRC
option. Performing the ADC conversion during Sleep
can reduce system noise. If the ADC interrupt is
enabled, the device will wake-up from Sleep when the
conversion completes. If the ADC interrupt is disabled,
the ADC module is turned off after the conversion com-
pletes, although the ADON bit remains set.

When the ADC clock source is something other than
FRC, a SLEEP instruction causes the present conver-
sion to be aborted and the ADC module is turned off,
although the ADON bit remains set.

17.2.5 AUTO-CONVERSION TRIGGER

The auto-conversion trigger allows periodic ADC mea-
surements without software intervention. When a rising
edge of the selected source occurs, the GO/DONE bit
is set by hardware.

The auto-conversion trigger source is selected with the
TRIGSEL<4:0> bits of the ADCON2 register.

Using the auto-conversion trigger does not assure
proper ADC timing. It is the user’s responsibility to
ensure that the ADC timing requirements are met.

See Table 17-2 for auto-conversion sources.

TABLE 17-2: AUTO-CONVERSION
SOURCES

Source Peripheral Signal Name

Timer0 TO_overflow
Timer1 T1_overflow
Timer2 TMR2_postscaled
Timer4 TMR4_postscaled
Timer6 TMRG6_postscaled
Comparator C1 C1_OUT_sync
Comparator C2 C2_OUT_sync
SMT1 SMT1_CPW
SMT1 SMT1_CPR
SMT1 SMT1_PR

SMT2 SMT2_CPW
SMT2 SMT2_CPR
SMT2 SMT2_PR

CCP1 CCP1_out

CCP2 CCP2_out
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17.3 Register Definitions: ADC Control

REGISTER 17-1: ADCONO: ADC CONTROL REGISTER O

u-0

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

CHS<4:0> GO/DONE ADON

bit 7

bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

1’ = Bit is set

‘0’ = Bit is cleared

bit 7
bit 6-2

bit 1

bit 0

Unimplemented: Read as ‘0’

CHS<4:0>: Analog Channel Select bits

11111 = FVR (Fixed Voltage Reference) Buffer 1 Output(®)
11110 = DAC (Digital-to-Analog Converter)®

11101 = Temperature Indicator(!)

11100 = Reserved. No channel connected.

01100 = Reserved. No channel connected.
01011 = AN11®

01010 = AN10®

01001 = AN9¥

01000 = AN8®¥

00111 = Reserved. No channel connected.
00110 = Reserved. No channel connected.
00101 = Reserved. No channel connected.
00100 = Reserved. No channel connected.
01000 = Reserved. No channel connected.
00111 = AN7

00110 = AN6

00101 = AN5

00100 = AN4

00011 = AN3

00010 = AN2

00001 = AN1

00000 = ANO

GO/DONE: ADC Conversion Status bit

1 = ADC conversion cycle in progress. Setting this bit starts an ADC conversion cycle.
This bit is automatically cleared by hardware when the ADC conversion has completed.
0 = ADC conversion completed/not in progress

ADON: ADC Enable bit
1 =ADC is enabled
0 = ADC is disabled and consumes no operating current

Note 1: See Section16.0 “Temperature Indicator Module”.
2: See Section18.0 “8-bit Digital-to-Analog Converter (DAC1) Module” for more information.
3:  See Section15.0 “Fixed Voltage Reference (FVR)” for more information.
4: AN<11:8> available on PIC16(L)F1618 only.
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20.0 ZERO-CROSS DETECTION
(ZCD) MODULE

The ZCD module detects when an A/C signal crosses
through the ground potential. The actual zero crossing
threshold is the zero crossing reference voltage,
VCPINV, which is typically 0.75V above ground.

The connection to the signal to be detected is through
a series current limiting resistor. The module applies a
current source or sink to the ZCD pin to maintain a
constant voltage on the pin, thereby preventing the pin
voltage from forward biasing the ESD protection
diodes. When the applied voltage is greater than the
reference voltage, the module sinks current. When the
applied voltage is less than the reference voltage, the
module sources current. The current source and sink
action keeps the pin voltage constant over the full
range of the applied voltage. The ZCD module is
shown in the simplified block diagram Figure 20-2.

The ZCD module is useful when monitoring an A/C
waveform for, but not limited to, the following purposes:
* A/C period measurement

» Accurate long term time measurement

» Dimmer phase delayed drive

* Low EMI cycle switching

20.1 External Resistor Selection

The ZCD module requires a current limiting resistor in
series with the external voltage source. The impedance
and rating of this resistor depends on the external
source peak voltage. Select a resistor value that will drop
all of the peak voltage when the current through the
resistor is nominally 300 LLA. Refer to Equation 20-1 and
Figure 20-1. Make sure that the ZCD I/O pin internal
weak pull-up is disabled so it does not interfere with the
current source and sink.

EQUATION 20-1: EXTERNAL RESISTOR

_ VPEAK
RSERIES = —
3x10
FIGURE 20-1: EXTERNAL VOLTAGE

VMAXPEAK
VMINPEAK

VCPINV
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23.5.2 HARDWARE GATE MODE

The Hardware Gate modes operate the same as the
Software Gate mode except the TMRx_ers external
signal can also gate the timer. When used with the CCP
the gating extends the PWM period. If the timer is
stopped when the PWM output is high then the duty
cycle is also extended.

FIGURE 23-5:

When MODE<4:0> = 00001 then the timer is stopped
when the external signal is high. When
MODE<4:0> = 00010 then the timer is stopped when
the external signal is low.

Figure 23-5 illustrates the Hardware Gating mode for
MODE=<4:0> = 00001 in which a high input level starts
the counter.

HARDWARE GATE MODE TIMING DIAGRAM (MODE = 00001)

Rev. 10-000 1968
5130/201 4

MODE|

0600001 |

TMRx_clk

TMRx_postscaled

PWM Duty
Cycle

PWM Output
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25.3 Register Definitions: EUSART Control
REGISTER 25-1: TX1STA: TRANSMIT STATUS AND CONTROL REGISTER

R/W-/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-1/1 R/W-0/0
CSRC TX9 TXEN® SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don’t care

Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit(})
1 = Transmit enabled
0 = Transmit disabled
bit 4 SYNC: EUSART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
bit 3 SENDB: Send Break Character bit
Asynchronous mode:
1 = Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission completed
Synchronous mode:
Don’t care

bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed
0 = Low speed
Synchronous mode:
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1= TSR empty
0= TSRAull

bit 0 TX9D: Ninth bit of Transmit Data

Can be address/data bit or a parity bit.
Note 1: SREN/CREN overrides TXEN in Sync mode.
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25.51.5  Synchronous Master Reception

Data is received at the RX/DT pin. The RX/DT pin
output driver is automatically disabled when the
EUSART is configured for synchronous master receive
operation.

In Synchronous mode, reception is enabled by setting
either the Single Receive Enable bit (SREN of the
RCxSTA register) or the Continuous Receive Enable
bit (CREN of the RCxSTA register).

When SREN is set and CREN is clear, only as many
clock cycles are generated as there are data bits in a
single character. The SREN bit is automatically cleared
at the completion of one character. When CREN is set,
clocks are continuously generated untii CREN is
cleared. If CREN is cleared in the middle of a character
the CK clock stops immediately and the partial charac-
ter is discarded. If SREN and CREN are both set, then
SREN is cleared at the completion of the first character
and CREN takes precedence.

To initiate reception, set either SREN or CREN. Data is
sampled at the RX/DT pin on the trailing edge of the
TX/CK clock pin and is shifted into the Receive Shift
Register (RSR). When a complete character is
received into the RSR, the RCIF bit is set and the char-
acter is automatically transferred to the two character
receive FIFO. The Least Significant eight bits of the top
character in the receive FIFO are available in RCxREG.
The RCIF bit remains set as long as there are unread
characters in the receive FIFO.

Note: If the RX/DT function is on an analog pin,
the corresponding ANSEL bit must be
cleared for the receiver to function.

255.1.6 Slave Clock

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device configured
as a slave receives the clock on the TX/CK line. The TX/
CK pin output driver is automatically disabled when the
device is configured for synchronous slave transmit or
receive operation. Serial data bits change on the leading
edge to ensure they are valid at the trailing edge of each
clock. One data bit is transferred for each clock cycle.
Only as many clock cycles should be received as there
are data bits.

Note:  If the device is configured as a slave and
the TX/CK function is on an analog pin, the
corresponding ANSEL bit must be cleared.

255.1.7

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before RCxREG is read to access
the FIFO. When this happens the OERR bit of the
RCxSTA register is set. Previous data in the FIFO will
not be overwritten. The two characters in the FIFO
buffer can be read, however, no additional characters
will be received until the error is cleared. The OERR bit
can only be cleared by clearing the overrun condition.
If the overrun error occurred when the SREN bit is set
and CREN is clear then the error is cleared by reading
RCXREG. If the overrun occurred when the CREN bit is
set then the error condition is cleared by either clearing
the CREN bit of the RCxSTA register or by clearing the
SPEN bit which resets the EUSART.

Receive Overrun Error

25518 Receiving 9-bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCxSTA register is set the EUSART
will shift nine bits into the RSR for each character
received. The RX9D bit of the RCxSTA register is the
ninth, and Most Significant, data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the eight Least Significant bits
from the RCxREG.

25.5.1.9  Synchronous Master Reception Set-

up:

1. Initialize the SPxBRGH, SPxBRGL register pair
for the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Clear the ANSEL bit for the RX pin (if applicable).

3. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

4. Ensure bits CREN and SREN are clear.

5. |If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

6. If 9-bit reception is desired, set bit RX9.

7. Start reception by setting the SREN bit or for
continuous reception, set the CREN bit.

8. Interrupt flag bit RCIF will be set when reception
of a character is complete. An interrupt will be
generated if the enable bit RCIE was set.

9. Read the RCxSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

10. Read the 8-bit received data by reading the
RCxREG register.

11. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCxSTA
register or by clearing the SPEN bit which resets
the EUSART.
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27.1.5 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolu-
tion will result in 1024 discrete duty cycles, whereas an
8-bit resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when PR2 is
255. The resolution is a function of the PR2 register
value as shown by Equation 27-4.

EQUATION 27-4: PWM RESOLUTION

log[4(PR2 + 1)]

109(2) bits

Resolution =

Note: If the pulse width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.
TABLE 27-1: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc =20 MHz)
PWM Frequency 0.31 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz | 208.3 kHz
Timer Prescale 64 4 1 1 1 1
PR2 Value OxFF OxFF OxFF 0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 27-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)
PWM Frequency 0.31 kHz 4.90 kHz 19.61 kHz 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale 64 4 1 1 1 1
PR2 Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5

27.1.6 OPERATION IN SLEEP MODE

In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the
PWMx pin is driving a value, it will continue to drive that
value. When the device wakes up, TMR2 will continue
from its previous state.

2717 CHANGES IN SYSTEM CLOCK

FREQUENCY

The PWM frequency is derived from the system clock
frequency (Fosc). Any changes in the system clock
frequency will result in changes to the PWM frequency.
Refer to Section 5.0“Oscillator Module” for
additional details.

27.1.8 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
PWM registers to their Reset states.
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30.6.5  WINDOWED MEASURE MODE

This mode measures the window duration of the
SMTWINx input of the SMT. It begins incrementing the
timer on a rising edge of the SMTWINx input and
updates the SMTxCPR register with the value of the
timer and resets the timer on a second rising edge. See
Figure 30-10 and Figure 30-11.
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30.8 Register Definitions: SMT Control

Long bit name prefixes for the Signal Measurement
Timer peripherals are shown in Table 30-2. Refer to
Section 1.1 “Register and Bit Naming Conven-
tions” for more information.

TABLE 30-2:
Peripheral Bit Name Prefix
SMT1 SMT1
SMT2 SMT2

REGISTER 30-1: SMTxCONO: SMT CONTROL REGISTER 0

R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ENW — STP WPOL SPOL CPOL SMTxPS<1:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 EN: SMT Enable bit™®)

1 = SMT is enabled
0 = SMT is disabled; internal states are reset, clock requests are disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 STP: SMT Counter Halt Enable bit
When SMTXxTMR = SMTxPR:

1 = Counter remains SMTxPR; period match interrupt occurs when clocked
0 = Counter resets to 24'h000000; period match interrupt occurs when clocked

bit 4 WPOL: SMTxWIN Input Polarity Control bit
1 = SMTxWIN signal is active-low/falling edge enabled
0 = SMTxWIN signal is active-high/rising edge enabled
bit 3 SPOL: SMTxSIG Input Polarity Control bit
1 = SMTx_signal is active-low/falling edge enabled
0 = SMTx_signal is active-high/rising edge enabled
bit 2 CPOL: SMT Clock Input Polarity Control bit
1 = SMTXTMR increments on the falling edge of the selected clock signal
0 = SMTxXTMR increments on the rising edge of the selected clock signal
bit 1-0 SMTxPS<1:0>: SMT Prescale Select bits
11 = Prescaler = 1:8
10 = Prescaler = 1:4
01 = Prescaler = 1:2
00 = Prescaler = 1:1

Note 1: Setting EN to ‘0° does not affect the register contents.
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31.2.1 SINGLE-PULSE MODE

The operation of Single-Pulse mode is illustrated in
Figure 31-1. The calculations on the input signal are done
in a few distinct steps. First, there is a divider that divides
the module clock by the ATXRES register pair and uses
the resulting signal to increment a period counter. This
operation is expressed by Equation 31-2. This equation
differs slightly from that of Equation 31-1 because the
counters include the count of zero. To compensate for
this, the number written to the resolution register,
ATXRES, must be one less than the desired resolution.

EQUATION 31-2:

F(ATxclk)
F(ATxsig)

ATXPER = T RES+ 1)

Variables in Equation 31-2 are as follows:

* ATxPER is the value of the period counter latched
by the input signal.

» ATXRES is the user-specified resolution. The
phase counter will count up to this value.

* F(ATxclk) is the ATx clock frequency.

* F(ATxsig) is the input signal frequency.

The second step in the angular timer’s operation is the
creation of the phase clock, which is also illustrated in
Figure 31-1. The input clock is divided by the ATXPER
value, latched-in during the previous step, and the
resulting signal is used to increment the phase counter.
This signal also is used as the phase clock output, and for
setting the PHSIF interrupt flag bit of the ATxIRO register.
The result is that the phase counter counts from zero to
a final value expressed in Equation 31-3, outputting a
pulse each time the counter increments. The value of the
phase counter can be accessed by software by reading
the ATxPHS register pair. However, because of the
synchronization required, in order for reads of this
register pair to be accurate, the instruction clock (FOsc/4)
needs to be at least 3x the ATx_phsclk output frequency.

EQUATION 31-3:

(F(ATch k))
F(ATxsig)

ATxXPH S(fl nal ) = m

The variables in Equation 31-3 are as follows:

* ATxPHS(final) is the maximum value that the
phase counter will reach before being reset by the
input signal. As noted in Equation 31-1, this will
equal ATxRES.

* ATXPER is the maximum value of the period
counter.

* F(ATxclk) is the ATx clock frequency.

* F(ATxsig) is the input signal frequency.

Notice that the division is ATXPER + 1. Ideally, this would
be just ATXxPER but the divider includes zero in the
count. In most applications, ATXxPER is a large number
so the error introduced by adding one is negligible.

ATXPHS counting from 0 to ATXRES is useful when the
input signal represents a rotation (for example, a motor
or A/C mains). In this case, the input signal is under-
stood to provide a period pulse every 360 degrees.
Since the phase clock equally divides the signal period
into a number of intervals determined by the ATXRES
register pair, each pulse on the phase clock output
marks a fixed phase angle in that rotation, as
expressed by Equation 31-4.

EQUATION 31-4:

360degrees

AngleResolution = ATYREST 1

ATxRES can then be used with the instantaneous value
of the ATxPHS register pair to get the instantaneous
angle of the rotation using Equation 31-5.

EQUATION 31-5:

ATXPHS

Angle = 360degrees- m

31.2.2 MULTI-PULSE MODE

The operation of Multi-Pulse mode is illustrated in
Figure 31-3. The calculations on the input signal are
similar to those in Single-Pulse mode, with the primary
difference relating to when the ATxPHS register pair is
reset.

The period counter is latched into the ATxPER register
pair and reset on every input pulse except the pulse
immediately following a missing pulse. The first active
pulse following a missing pulse triggers all of the following:

» Period clock output
* PERIF interrupt
» Phase counter reset

The result is a period clock output that has a period
length equal to the time between missing pulses (e.g.,
a missing tooth in a gear). This leads to a significantly
different relation between ATXRES and the maximum
phase count, ATxPHS, as shown in Equation 31-6.

EQUATION 31-6:

ATxPHS(final) = ATxREs(M'SSP)

PulseP
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REGISTER 31-17: ATXSTPTH: ANGULAR TIMER SET POINT HIGH REGISTER )

uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— STPT<14:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6-0 STPT<14:8>: Set Point Most Significant bits. ATXxSTPT determines the threshold setting that the

period is compared against for error calculation.

Note 1. Writes to ATXSTPTH are double buffered. The value written to this register is held until a write to
ATxSTPTL occurs, at which point the value will be latched into the register

REGISTER 31-18: ATXSTPTL: ANGULAR TIMER SET POINT LOW REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
STPT<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-0 STPT<7:0>: Set Point Least Significant bits. ATXxSTPT determines the threshold setting that the

period is compared against for error calculation.
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32.5 PID Control Registers

Long bit name prefixes for the 16-bit PID peripherals
are shown in Table 32-1. Refer to Section 1.1 “Regis-
ter and Bit Naming Conventions” for more informa-

tion
TABLE 32-1:

Peripheral Bit Name Prefix

PID1

PID1

REGISTER 32-1: PIDxCON: PID CONFIGURATION REGISTER

R/W-0/0 R/HS/HC-0/0 uU-0 u-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
EN BUSY — — — MODE<2:0>
bit 7 bit 0
Legend:
HC = Bit is cleared by hardware HS = Bit is set by hardware
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -m/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 EN: PID Module Enable bit
1 = PID module is enabled
0 = PID module is disabled
bit 6 BUSY: PID module is currently calculating
bit 5-3 Unimplemented: Read as ‘0’
bit 2-0 MODE<2:0>: PID Mode Control bits

11x = Reserved. Do not use.

101 = PID output is the calculated output (current error plus accumulated previous errors) in 2's
complement notation

100 = Reserved. Do not use.

011 = (IN<15:0>+SET<15:0>)*K1<15:0> 2’s complement signed inputs, with accumulation

010 = (IN<15:0>+SET<15:0>)*K1<15:0> 2’s complement signed inputs, without accumulation

001 = (IN<15:0>+SET<15:0>)*K1<15:0> unsigned inputs, with accumulation

000 = (IN<15:0>+SET<15:0>)*K1<15:0> unsigned inputs, without accumulation
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NOP No Operation RETFIE Return from Interrupt
Syntax: [label] NOP Syntax: [label] RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS — PC,
Status Affected: None 1->GIE
Description: No operation. Status Affected: None
Words: 1 Description: Return from Interrupt. Stack is POPed
and Top-of-Stack (TOS) is loaded in
Cycles: 1 the PC. Interrupts are enabled by
Example: NOP setting Global Interrupt Enable bit,
GIE (INTCON<7>). This is a 2-cycle
instruction.
Words: 1
OPTION Load OPTION_REG Register Cycles: 2
with W Example: RETFI E
Syntax: [label] OPTION After Interrupt
o ds: N PC = TOS
perands: one GE = 1
Operation: (W) > OPTION_REG
Status Affected: None
Description: Move data from W register to RETLW Return with literal in W
OPTION_REG register. Syntax: [label] RETLW K
Operands: 0<k<255
Operation: k — (W);
RESET Software Reset TOS - PC
Syntax. [label] RESET Status Affected: None
. Description: The W register is loaded with the 8-bit
Operands: None . (s )
literal ‘k’. The program counter is
Operation: Execute a device Reset. Resets the loaded from the top of the stack (the
RI flag of the PCON register. return address). This is a 2-cycle
Status Affected: None instruction.
Description: This instruction provides a way to Words: 1
execute a hardware Reset by soft- Cycles: 2
ware. Example: CALL TABLE; Wcontains table
; of fset val ue
. ; Wnow has table val ue
TABLE .

ADDW PC ; W= of f set
RETLW k1 ;Begin table
RETLW k2 ;

RETLW kn ; End of table

Before Instruction

W = 0x07
After Instruction
W = value of k8
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Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.

800
ADC VREF+ SET TO VDD
700 ADC VREF- SET TO GND
Max.
600

Typical
500 Min.
400
300
200

Max: Typical + 30
100 Typical; statistical mean
/ Min: Typical - 30

25 3.0 35 4.0 4.5 5.0 55 6.0

ADC Output Codes

VoD (V)

150
ADC VREF+ SET TO VDD / Max.
125 ADC VREF- SET T0 GND Typical
100
/Minv
7%

: i
]
Q 50
o
-]
g 25
5
<}
g8 o -
<
25
Max: Typical + 30
50 Typical; statistical mean
Min: Typical - 30
75
-50 25 0 25 50 75 100 125 150

Temperature (°C)

FIGURE 36-73: Temp. Indicator Initial Offset,
High Range, Temp. = 20°C, PIC16F1614/8 Only.

900

ADC VREF+ SET TO VDD
ADC VREF- SET T0 GND / Max.
P Typical
700 / /
600 ?/
500
Max: Typical + 30

400 Typical; statistical mean —{
/ Min: Typical - 30

800

Min.

\

ADC Output Codes

300

2.0 25 3.

o

35 4.0 4.5 5.0 55 6.0

VoD (V)

FIGURE 36-76: Temp. Indicator Slope
Normalized to 20°C, High Range, VDD = 5.5V,
PIC16F1614/8 Only.

FIGURE 36-74: Temp. Indicator Initial Offset,
Low Range, Temp. = 20°C, PIC16F1614/8 Only.

250
ADC VREF+ SET 0 VOD
200 ADC VREF- SET TO GND Max.
Typical
150 / Min.
» 100
8
°
o
O 50 /
3
g
3 o
o
a
< 50 _—
= Max: Typical + 30
-100 / Typical; statistical mean
Min: Typical - 30
-150

-50 -25 0 25 50 75 100 125 150

Temperature (°C)

800
ADC VREF+ SET TO VDD
ADC VREF- SET TO GND
700 Max. —
Typical

600 P
o /
| 500
Q
o
]
2 400 /
]
o
8
2 300

200 Max: Typical + 30

Typical; statistical mean
Min: Typical - 30
100
1.5 1.8 21 24 27 3.0 3.3 3.6 3.9
VoD (V)

FIGURE 36-77: Temp. Indicator Slope
Normalized to 20°C, High Range, VDD = 3.0V,
PIC16F1614/8 Only.

FIGURE 36-75: Temp. Indicator Initial Offset,

Low Range, Temp. = 20°C, PIC16LF1614/8 Only.

150

ADC VREF+ SET TO VDD Max.
125 ADC VREF- SET TO GND
/TyIDcaI

100

Min.
75 e

50

25

0
-25
Max: Typical + 30
-50 Typical; statistical mean

Min: Typical - 36

ADC Output Codes

-75
-50 -25 0 25 50 75 100 125 150

Temperature (°C)

FIGURE 36-78: Temp. Indicator Slope
Normalized to 20°C, Low Range, VbD = 3.0V,
PIC16F1614/8 Only.
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38.1

e e o e Y e Y o s Il

20-Lead PDIP (300 mil)

Package Marking Information (Continued)

Example

o el e Y e O e s s N il

)

XXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXX

AR\ YYWWNNN

)

PIC16F1618

\P (e3)

R 1420123

NP N L P [ AL S [ N S R

20-Lead SOIC (7.50 mm)

ININIBININIRIIE

XXX XXXXXXXXXXX
XXXXXXXXXXXXXX
XXX XXXXXXXXXXX

o R\ YYWWNNN

ININRIRIRIRIRININ

20-Lead SSOP (5.30 mm)

AT

XXX XXXX
XOXOKXKXKXXXXX

AR\ YYWWNNN

O
JUuuuuuot

J R L L]

Example

ININIRIRINIRIEINIE

PIC16F1618
/SO (e3)

R\ 1420123
O

IRINIRIRINIRIRIRIN

Example

T

PIC16F1618
ISS @3

R\ 1420123
O
i
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14-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm Body [TSSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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TOP VIEW
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SIDE VIEW

Microchip Technology Drawing C04-087C Sheet 1 of 2
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20-Lead Ultra Thin Plastic Quad Flat, No Lead Package (GZ) - 4x4x0.5 mm Body [UQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN [ NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 2.80
Optional Center Pad Length Y2 2.80
Contact Pad Spacing C1 4.00
Contact Pad Spacing C2 4.00
Contact Pad Width (X20) X1 0.30
Contact Pad Length (X20) Y1 0.80
Contact Pad to Center Pad (X20) G1 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-2255A
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