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PIC16(L)F1824/8

FIGURE 1: 14-PIN DIAGRAM FOR PIC16(L)F1824
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3.0 MEMORY ORGANIZATION

These devices contain the following types of memory:

* Program Memory
- Configuration Words
- Device ID
- UserID
- Flash Program Memory
« Data Memory
- Core Registers
- Special Function Registers
- General Purpose RAM
- Common RAM
+ Data EEPROM memory®

Note 1: The data EEPROM memory and the
method to access Flash memory through
the EECON registers is described in
Section 11.0 “Data EEPROM and Flash
Program Memory Control”.

The following features are associated with access and
control of program memory and data memory:

* PCL and PCLATH
« Stack
* Indirect Addressing

3.1 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing a 32K x 14 program
memory space. Table 3-1 shows the memory sizes
implemented for the PIC16(L)F1824/8 family. Accessing
a location above these boundaries will cause a
wrap-around within the implemented memory space.
The Reset vector is at 0000h and the interrupt vector is
at 0004h (see Figure 3-1).

TABLE 3-1: DEVICE SIZES AND ADDRESSES

Device Program Memory Space (Words) Last Program Memory Address
PIC16(L)F1824 4,096 OFFFh
PIC16(L)F1828

© 2010-2015 Microchip Technology Inc.
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8.1 Operation

Interrupts are disabled upon any device Reset. They
are enabled by setting the following bits:

» GIE bit of the INTCON register

* Interrupt Enable bit(s) for the specific interrupt
event(s)

» PEIE bit of the INTCON register (if the Interrupt
Enable bit of the interrupt event is contained in the
PIEX register)

The INTCON, PIR1, PIR2 and PIR3 registers record
individual interrupts via interrupt flag bits. Interrupt flag
bits will be set, regardless of the status of the GIE, PEIE
and individual interrupt enable bits.

The following events happen when an interrupt event
occurs while the GIE bit is set:

+ Current prefetched instruction is flushed
* GIE bit is cleared

» Current Program Counter (PC) is pushed onto the
stack

« Critical registers are automatically saved to the
shadow registers (See Section 8.5 “Automatic
Context Saving”)

* PC is loaded with the interrupt vector 0004h

The firmware within the Interrupt Service Routine (ISR)
should determine the source of the interrupt by polling
the interrupt flag bits. The interrupt flag bits must be
cleared before exiting the ISR to avoid repeated
interrupts. Because the GIE bit is cleared, any interrupt
that occurs while executing the ISR will be recorded
through its interrupt flag, but will not cause the
processor to redirect to the interrupt vector.

The RETFI E instruction exits the ISR by popping the
previous address from the stack, restoring the saved
context from the shadow registers and setting the GIE
bit.

For additional information on a specific interrupt’s
operation, refer to its peripheral chapter.

Note 1: Individual interrupt flag bits are set,
regardless of the state of any other
enable bits.

2: Allinterrupts will be ignored while the GIE
bit is cleared. Any interrupt occurring
while the GIE bit is clear will be serviced

when the GIE bit is set again.

8.2 Interrupt Latency

Interrupt latency is defined as the time from when the
interrupt event occurs to the time code execution at the
interrupt vector begins. The latency for synchronous
interrupts is three or four instruction cycles. For
asynchronous interrupts, the latency is three to five
instruction cycles, depending on when the interrupt
occurs. See Figure 8-3 and Figure 8-4 for more details.

© 2010-2015 Microchip Technology Inc.
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REGISTER 11-6: EECON2: EEPROM CONTROL 2 REGISTER

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
EEPROM Control Register 2

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 Data EEPROM Unlock Pattern bits

To unlock writes, a 55h must be written first, followed by an AAh, before setting the WR bit of the
EECON1 register. The value written to this register is used to unlock the writes. There are specific
timing requirements on these writes. Refer to Section 11.2.2 “Writing to the Data EEPROM
Memory” for more information.

TABLE 11-3: SUMMARY OF REGISTERS ASSOCIATED WITH DATA EEPROM

Name | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esgpizgeé
EECON1 | EEPGD CFGS LWLO FREE WRERR | WREN WR RD 114
EECON2 EEPROM Control Register 2 (not a physical register) 115*
EEADRL EEADRL<7:0> 113
EEADRH | —@ EEADRH<6:0 113
EEDATL EEDATL<7:0> 113
EEDATH — — EEDATH<5:0> 113
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 89
PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — CCP2IE 91
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — CCP2IF 94
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by data EEPROM module.

*

Page provides register information.
Note 1. Unimplemented, read as ‘1'.

© 2010-2015 Microchip Technology Inc. DS40001419F-page 115
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12.4.3 PORTC FUNCTIONS AND OUTPUT
PRIORITIES

Each PORTC pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are briefly described here. For additional information,
refer to the appropriate section in this data sheet.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the lowest number in
the following lists.

Analog input and some digital input functions are not
included in the list below. These input functions can
remain active when the pin is configured as an output.
Certain digital input functions override other port
functions and are included in the priority list.

RCO

SCL (MSSP) (PIC16(L)F1824 only)
SCK (MSSP) (PIC16(L)F1824 only)
P1D

g @ N =
=<

SDA (MSSP) (PIC16(L)F1824 only)
P1C
CCP4 (PIC16(L)F1828 only)

‘WF*’!\’.—“
N

SDO (MSSP) (PIC16(L)F1824 only)

o 0N =

Q

[O¥]
T T
N —
o O

- ‘

SS (MSSP) (PIC16(L)F1824 only)

2. CCP2
3. P1C

4. P2A

RC4

1. MDOUT

2. SRNQ

3. C20uUT

4. TX/CK

5. P1B

RC5

1. RX/DT

2. CCP1/P1A

RC6 (PIC16(L)F1828 only)
1. SS (MSSP)

2. CCP4

RC7 (PIC16(L)F1828 only)
1. SDO (MSSP)

© 2010-2015 Microchip Technology Inc.
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14.0 FIXED VOLTAGE REFERENCE
(FVR)

The Fixed Voltage Reference (FVR), is a stable voltage
reference, independent of VDD, with 1.024V, 2.048V or
4.096V selectable output levels. The output of the FVR
can be configured to supply a reference voltage to the
following:

* ADC input channel

» ADC positive reference

» Comparator positive input

« Digital-to-Analog Converter (DAC)

The FVR can be enabled by setting the FVREN bit of
the FVRCON register.

14.1 Independent Gain Amplifiers

The output of the FVR supplied to the ADC,
Comparators, and DAC is routed through two
independent programmable gain amplifiers. Each
amplifier can be configured to amplify the reference
voltage by 1x, 2x or 4x, to produce the three possible
voltage levels.

The ADFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the ADC module. Refer-
ence Section 16.0 “Analog-to-Digital Converter
(ADC) Module” for additional information.

The CDAFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the DAC and comparator
module. Reference Section 17.0 “Digital-to-Analog
Converter (DAC) Module” and Section 19.0 “Com-
parator Module” for additional information.

14.2 FVR Stabilization Period

When the Fixed Voltage Reference module is enabled, it
requires time for the reference and amplifier circuits to
stabilize. Once the circuits stabilize and are ready for use,
the FVRRDY bit of the FVRCON register will be set. See
Section 30.0 “Electrical Specifications” for the
minimum delay requirement.

FIGURE 14-1: VOLTAGE REFERENCE BLOCK DIAGRAM
ADFVR<1:0> —

X1

— x2 FVR BUFFER1
x4 (To ADC Module)

CDAFVR<1:0> —5/——

X1

b x2 FVR BUFFER2
x4 (To Comparators, DAC, CPS)

FVREN * '\ 1.024V Fixed
FVRRDY _ / Reference
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16.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only

when the FRC oscillator is selected.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP instruc-
tion is always executed. If the user is attempting to
wake-up from Sleep and resume in-line code execu-
tion, the GIE and PEIE bits of the INTCON register
must be disabled. If the GIE and PEIE bits of the
INTCON register are enabled, execution will switch to
the Interrupt Service Routine.

Please refer to Section 16.1.5 “Interrupts” for more
information.

16.1.6 RESULT FORMATTING

The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCONH1 register controls the output format.

Figure 16-3 shows the two output formats.

FIGURE 16-3: 10-BIT A/D CONVERSION RESULT FORMAT
ADRESH ADRESL

orm=0) [mss] | [ [ [ | | L fesel [ [ [ [ [ |

bit 7 bit 0 bit 7 bit 0

" T i

10-bit A/D Result Unimplemented: Read as ‘0’

worm=1) [ [ [ | [ [ fmss[ | [ [ [ [ [ [ [ [uss]

bit 7 bit 0 bit 7 bit 0

Unimplemented: Read as ‘0’ 10-bit A/D Result

DS40001419F-page 146
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18.0 SR LATCH

The module consists of a single SR latch with multiple
Set and Reset inputs as well as separate latch outputs.
The SR latch module includes the following features:

* Programmable input selection

» SR latch output is available externally
+ Separate Q and Q outputs

» Firmware Set and Reset

The SR latch can be used in a variety of analog appli-
cations, including oscillator circuits, one-shot circuit,
hysteretic controllers, and analog timing applications.

18.1 Latch Operation

The latch is a Set-Reset latch that does not depend on a
clock source. Each of the Set and Reset inputs are
active-high. The latch can be Set or Reset by:

» Software control (SRPS and SRPR bits)
» Comparator C1 output (sync_C10UT)

» Comparator C2 output (sync_C20UT)

* SRl pin

* Programmable clock (SRCLK)

The SRPS and the SRPR bits of the SRCONO register
may be used to Set or Reset the SR latch, respectively.
The latch is Reset-dominant. Therefore, if both Set and
Reset inputs are high, the latch will go to the Reset
state. Both the SRPS and SRPR bits are self resetting
which means that a single write to either of the bits is all
that is necessary to complete a latch Set or Reset
operation.

The output from Comparator C1 or C2 can be used as
the Set or Reset inputs of the SR latch. The output of
either Comparator can be synchronized to the Timer1
clock source. See Section 19.0 “Comparator
Module” and Section 21.0 “Timerl Module with
Gate Control” for more information.

An external source on the SRI pin can be used as the
Set or Reset inputs of the SR latch.

An internal clock source is available that can periodically
set or reset the SR latch. The SRCLK<2:0> bits in the
SRCONO register are used to select the clock source
period. The SRSCKE and SRRCKE bits of the SRCON1
register enable the clock source to Set or Reset the SR
latch, respectively.

18.2 Latch Output

The SRQEN and SRNQEN bits of the SRCONO
register control the Q and Q latch outputs. Both of the
SR latch outputs may be directly output to an I/O pin at
the same time.

The applicable TRIS bit of the corresponding port must
be cleared to enable the port pin output driver.

18.3 Effects of a Reset

Upon any device Reset, the SR latch output is not
initialized to a known state. The user’s firmware is
responsible for initializing the latch output before
enabling the output pins.

© 2010-2015 Microchip Technology Inc.

DS40001419F-page 161



PIC16(L)F1824/8

TABLE 20-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO

Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁggz;eé
CPSCONO CPSON | CPSRM — — CPSRNG<1:0> CPSOUT | TOXCS 319
FVRCON FVREN |[FVRRDY| TSEN | TSRNG CDAFVR<1:0> ADFVR<1:0> 141
INLVLA — — INLVLAS5 | INLVLA4 | INLVLA3 | INLVLA2 | INLVLA1 | INLVLAO 123
INTCON GIE PEIE | TMROIE INTE IOCIE TMROIF INTF IOCIF 89
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA PS<2:0> 176
TMRO Timer0 Module Register 174*
TRISA — | — | TRisAs | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 121
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the Timer0 module.

*

Page provides register information.
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FIGURE 21-5: TIMER1 GATE SINGLE-PULSE MODE
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2445 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 24-16 for illustration.
The lower seven bits of the associated PWMxCON
register (Register 24-4) sets the delay period in terms
of microcontroller instruction cycles (TCY or 4 Tosc).

FIGURE 24-16: EXAMPLE OF HALF-
BRIDGE PWM OUTPUT

. Period . Period .

| Pulse Width |, | :

it I I I

[ [ I

PxB@ | EL: :ﬁl :
— n s

|
I |
(1) |

td = Dead-Band Delay

Note 1: At this time, the TMRX register is equal to the
PRx register.

2: Output signals are shown as active-high.

FIGURE 24-17: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Standard Half-Bridge Circuit (“Push-Pull”)
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25.5.2 SLAVE RECEPTION

When the R/W bit of a matching received address byte
is clear, the R/W bit of the SSP1STAT register is
cleared. The received address is loaded into the
SSP1BUF register and acknowledged.

When the overflow condition exists for a received
address, then not Acknowledge is given. An overflow
condition is defined as either bit BF bit of the
SSP1STAT register is set, or bit SSPOV bit of the
SSP1CONH1 register is set. The BOEN bit of the
SSP1CONS register modifies this operation. For more
information see Register 25-4.

An MSSP1 interrupt is generated for each transferred
data byte. Flag bit, SSP1IF, must be cleared by
software.

When the SEN bit of the SSP1CON2 register is set,
SCL will be held low (clock stretch) following each
received byte. The clock must be released by setting
the CKP bit of the SSP1CON1 register, except
sometimes in 10-bit mode. See Section 25.2.3 “SPI
Master Mode” for more detail.

25.5.21 7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSP1 module configured as an I2C Slave in
7-bit Addressing mode. Figure 25-14 and Figure 25-15
are used as a visual reference for this description.

This is a step by step process of what typically must
be done to accomplish I2C communication.
1. Start bit detected.

2. S bit of SSP1STAT is set; SSP1IF is set if
interrupt on Start detect is enabled.

3. Matching address with R/W bit clear is received.

4. The slave pulls SDA low sending an ACK to the
master, and sets SSP1IF bit.

5. Software clears the SSP1IF bit.

6. Software reads received address from
SSP1BUF clearing the BF flag.

7. If SEN=1; Slave software sets CKP bit to
release the SCL line.

8. The master clocks out a data byte.

9. Slave drives SDA low sending an ACK to the
master, and sets SSP1IF bit.

10. Software clears SSP1IF.

11. Software reads the received byte from
SSP1BUF clearing BF.

12. Steps 8-12 are repeated for all received bytes
from the Master.

13. Master sends Stop condition, setting P bit of
SSP1STAT, and the bus goes idle.

25.5.2.2 T7-bit Reception with AHEN and DHEN

Slave device reception with AHEN and DHEN set
operate the same as without these options with extra
interrupts and clock stretching added after the 8th fall-
ing edge of SCL. These additional interrupts allow the
slave software to decide whether it wants to ACK the
receive address or data byte, rather than the hard-
ware. This functionality adds support for PMBus™ that
was not present on previous versions of this module.

This list describes the steps that need to be taken by
slave software to use these options for 12C communi-
cation. Figure 25-16 displays a module using both
address and data holding. Figure 25-17 includes the
operation with the SEN bit of the SSP1CON2 register
set.

1. S bit of SSP1STAT is set; SSP1IF is set if inter-
rupt on Start detect is enabled.

2. Matching address with R/W bit clear is clocked
in. SSP1IF is set and CKP cleared after the 8th
falling edge of SCL.

3. Slave clears the SSP1IF.

4. Slave can look at the ACKTIM bit of the
SSP1CONS3 register to determine if the SSP1IF
was after or before the ACK.

5. Slave reads the address value from SSP1BUF,
clearing the BF flag.

6. Slave sets ACK value clocked out to the master
by setting ACKDT.

7. Slave releases the clock by setting CKP.
SSP1IF is set after an ACK, not after a NACK.

If SEN =1 the slave hardware will stretch the
clock after the ACK.

10. Slave clears SSP1IF.

© ®

Note: SSP1IF is still set after the 9th falling edge
of SCL even if there is no clock stretching
and BF has been cleared. Only if NACK is
sent to Master is SSP1IF not set

11. SSP1IF set and CKP cleared after 8th falling
edge of SCL for a received data byte.

12. Slave looks at ACKTIM bit of SSP1CON3 to
determine the source of the interrupt.

13. Slave reads the received data from SSP1BUF
clearing BF.

14. Steps 7-14 are the same for each received data
byte.

15. Communication is ended by either the slave
sending an ACK =1, or the master sending a
Stop condition. If a Stop is sent and Interrupt on
Stop Detect is disabled, the slave will only know
by polling the P bit of the SSPSTAT register.

© 2010-2015 Microchip Technology Inc.
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REGISTER 25-3: SSP1CON2: SSP1 CONTROL REGISTER 2

R/W-0/0 R-0/0 R/W-0/0 R/S/HS-0/0 R/S/HS-0/0 R/S/HS-0/0  R/S/HS-0/0 R/W/HS-0/0
GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN
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 HC = Cleared by hardware S = User set
bit 7 GCEN: General Call Enable bit (in I2C Slave mode only)

1 = Enable interrupt when a general call address (0x00 or 00h) is received in the SSP1SR
0 = General call address disabled
bit 6 ACKSTAT: Acknowledge Status bit (in 12C mode only)
1 = Acknowledge was not received
0 = Acknowledge was received
bit 5 ACKDT: Acknowledge Data bit (in I°C mode only)
In Receive mode:
Value transmitted when the user initiates an Acknowledge sequence at the end of a receive
1 = Not Acknowledge
0 = Acknowledge
bit 4 ACKEN: Acknowledge Sequence Enable bit (in I°C Master mode only)
In Master Receive mode:
1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit.
Automatically cleared by hardware.
0 = Acknowledge sequence idle
bit 3 RCEN: Receive Enable bit (in I°C Master mode only)
1 = Enables Receive mode for I1°C
0 = Receive idle
bit 2 PEN: Stop Condition Enable bit (in I2C Master mode only)
SCK Release Control:
1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Stop condition Idle
bit 1 RSEN: Repeated Start Condition Enabled bit (in 1°C Master mode only)
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition Idle
bit 0 SEN: Start Condition Enabled bit (in I°C Master mode only)
In Master mode:

1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Start condition Idle

In Slave mode:

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C module is not in the Idle mode, this bit may not be
set (no spooling) and the SSP1BUF may not be written (or writes to the SSP1BUF are disabled).

DS40001419F-page 282 © 2010-2015 Microchip Technology Inc.
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TABLE 26-5:

BAUD RATES FOR ASYNCHRONOUS MODES

SYNC =0,BRGH=0,BRG16=0

Fosc = 32.000 MHz

Fosc = 20.000 MHz

Fosc = 18.432 MHz

Fosc = 11.0592 MHz

BAUD
RATE | Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — 1221 1.73 255 1200 0.00 239 1200 0.00 143
2400 2404 0.16 207 2404 0.16 129 2400 0.00 119 2400 0.00 71
9600 9615 0.16 51 9470 -1.36 32 9600 0.00 29 9600 0.00 17
10417 | 10417 0.00 47 10417 0.00 29 10286 -1.26 27 10165 -2.42 16
19.2k 19.23k  0.16 25 19.53k 1.73 15 19.20k  0.00 14 19.20k  0.00 8
57.6k | 55.55k -3.55 3 — — — 57.60k  0.00 7 57.60k  0.00 2
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =0, BRG16 =0
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — 300 0.16 207 300 0.00 191 300 0.16 51
1200 1202 0.16 103 1202 0.16 51 1200 0.00 47 1202 0.16 12
2400 2404 0.16 51 2404 0.16 25 2400 0.00 23 — — —
9600 9615 0.16 12 — — — 9600 0.00 5 — — —
10417 | 10417 0.00 11 10417 0.00 5 — — — — — —
19.2k — — — — — — 19.20k  0.00 2 — — —
57.6k — — — — — — 57.60k  0.00 0 — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =1,BRG16 =0
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — — — —
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 | 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
19.2k 19.23k  0.16 103 19.23k 0.16 64 19.20k  0.00 59 19.20k  0.00 35
57.6k | 57.14k -0.79 34 56.82k  -1.36 21 57.60k  0.00 19 57.60k  0.00 11
115.2k | 117.64k 2.12 16 113.64k -1.36 10 115.2k  0.00 9 115.2k 0.00 5
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FIGURE 26-12: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

il X bito X bit1 X bit2 bit 3 bit 4 bits > bit6 > bit7

(Soxp o) T s Y B U s Y I A Iy A

TX/CK pin
LI N e A s (N s sy A AN s AN e A

Write to

bit SREN ~— ||
SREN bit ___| -

CREN bit _ 0’ o

RCIF bit
(Interrupt) |—
RCREG

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 26-8: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER

RECEPTION
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esgpiztge;

APFCONO RXDTSEL | SDOSEL®W | sSSEL(® — T1GSEL | TXCKSEL — — 117
BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 296
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 89
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 90
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 93
RCREG EUSART Receive Data Register 290*
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 295
SPBRGL BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRGH1 BRGO 297*
SPBRGH BRG15 BRG14 BRG13 BRG12 BRG11 BRG10 BRG9 BRG8 297*
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 294
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for synchronous master reception.

*

Page provides register information.
Note 1: PIC16(L)F1824 only.
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27.0 CAPACITIVE SENSING (CPS)
MODULE

The Capacitive Sensing (CPS) module allows for an
interaction with an end user without a mechanical
interface. In a typical application, the CPS module is
attached to a pad on a Printed Circuit Board (PCB),
which is electrically isolated from the end user. When the
end user places their finger over the PCB pad, a
capacitive load is added, causing a frequency shift in the
capacitive sensing module. The CPS module requires
software and at least one timer resource to determine
the change in frequency. Key features of this module
include:

* Analog MUX for monitoring multiple inputs
» Capacitive sensing oscillator

* Multiple current ranges

» Multiple voltage reference modes

» Multiple timer resources

 Software control

» Operation during Sleep

FIGURE 27-1: CAPACITIVE SENSING BLOCK DIAGRAM
Timer0 Module
Set
—
TOXCS TMROCS TMROIF
TocKI 0 Foscr4 Overflow |
CPSCH<3:0> 1
CPSON®@ CPSRNG<1:0>
’/ ’» CPSON
Capacitive
Sensing Timerl Module
illat

CPSO X— Oscillator T1CS<1:0>

CPS1 [X— CPSOSC

CPS2 [X— Fosc

CPS3 [ CPSCLK Fosc/4

] 0 f TMR1H:TMR1L

CPS4 X— Ref-- |DAC_output T10SC/ N :

CPS5 X— 11— T1CKI

CPS6 X— T1GSEL<1:0>

CPS7 [X}—| Ref3 | Fvr TG
cpss® X Buffer2 Timer1 Gate
cps9® X CPSOUT sync_C10UT Control Logic

cPs10®) [— sync_C20UT
cPs11® s—
CPSRM
Note 1: Reference CPSCON1 register (Register 27-2) for channels implemented on each device.
2: If CPSON =0, disabling capacitive sensing, no channel is selected.
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TABLE 30-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER

AND BROWN-OUT RESET PARAMETERS

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

P;a\:;m Sym. Characteristic Min. | Typt | Max. | Units Conditions
30 TMcL  |MCLR Pulse Width (low) 2 — | — | s
31 TwbTLP |Watchdog Timer 12 16 20 ms |[VDD = 3.3V-5V
Time-out Period (No Prescaler)
32 TosT Oscillator Start-up Timer Period® — 1024 | — | Tosc
33* |TPWRT |Power-up Timer Period, PWNRTE=0 | 40 | 65 | 140 | ms
34> Tioz I/0 high-impedance from MCLR Low | — — 20 us
or Watchdog Timer Reset
35 VBOR |Brown-out Reset Voltage® 255|270 |28 | V |BORV=0
1.80 | 1.9 | 2.05 V |BORV=1
36* VHYST |Brown-out Reset Hysteresis 20 35 75 mV | -40°C to +85°C
37* TBORDC |Brown-out Reset DC Response Time| 0 1 35 pus |VDD < VBOR

*

T

These parameters are characterized but not tested.
Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: By design, the Oscillator Start-up (OST) counts the first 1.024 cycles, independent of frequency.

2:

To ensure these voltage tolerances, VDD and Vss must be capacitively decoupled as close to the device as
possible. 0.1 uF and 0.01 pF values in parallel are recommended.

FIGURE 30-10: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

40— = 41 - |
| [
- 42 -
[
| | I |
A S
T1CKI | T /| |
|~ 45 - 46 ~ | |
| | |
- 47 -— 49 -l
|
|
™MRT X
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FIGURE 31-35: IPD, CAPACITIVE SENSING (CPS) MODULE, HIGH-CURRENT RANGE,
CPSRM = 0, PIC16LF1824/8 ONLY

40 ‘ ‘ T
Max.
35 |_|Max: 85°C + 30 /

Typical: 25°C /’
30 ~ //
é Typical
25 /

%20 7
10
5
0

1.6 1.8 2.0 22 24 2.6 2.8 3.0 3.2 3.4 3.6 3.8
VD (V)

FIGURE 31-36: IPD, CAPACITIVE SENSING (CPS) MODULE, HIGH-CURRENT RANGE,
CPSRM =0, PIC16F1824/8 ONLY

80 |

70 H Max: 85°C + 30
Typical: 25°C __— Max.
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e ' Typical
o /// /

40
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IPD (pA)

_
7
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20
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FIGURE 31-47:

POR RELEASE VOLTAGE

1.70
1.68
1.66
1.64
1.62
1.60

Voltage (V)
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1.52
1.50

Max.

Typical

Min.

| [Max: Typical + 30
Typical: 25°C
L {Min: Typical - 30

20 40

Temperature (°C)
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100 120

FIGURE 31-48:

POR REARM VOLTAGE, PIC16F1824/8 ONLY
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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

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Terminals N 20
Pitch e 0.50 BSC
Overall Height A 0.45 0.50 0.55
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.127 REF
Overall Width E 4.00 BSC
Exposed Pad Width E2 260 | 270 | 280
Overall Length D 4.00 BSC
Exposed Pad Length D2 2.60 2.70 2.80
Terminal Width b 0.20 0.25 0.30
Terminal Length L 0.30 0.40 0.50
Terminal-to-Exposed-Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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