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REGISTER 5-3: CONFIGURATION WORD 3: MEMORY
R/P-1 U-1 U-1 U-1 U-1 U-1
Lvp® _ _ _ _ —
bit 13 bit 8
U-1 U-1 U-1 U-1 U-1 U-1 R/P-1 R/P-1
— — — — — — WRT1 WRTO
bit 7 bit 0
Legend:

R = Readable bit
‘0’ = Bit is cleared

P = Programmable bit
‘1’ = Bitis set

U = Unimplemented bit, read as ‘1’
n = Value when blank or after Bulk Erase

bit 13 LVP: Low-Voltage Programming Enable bit(1)

1=0ON

0 = OFF HV on MCLR/VPP must be used for programming.

Configuration bit is ignored.

Low-Voltage Programming is enabled. MCLR/VPP pin function is MCLR. MCLRE

bit 12-2 Unimplemented: Read as ‘1’

bit 1-0 WRT<1:0>: User NVM Self-Write Protection bits
11 = OFF Write protection off
10 = BOOT 0000h to 01FFh write-protected, 0200h to 1FFFh may be modified
01 = HALF 0000h to OFFFh write-protected, 1000h to 1FFFh may be modified
00 =

ALL 0000h to 1FFFh write-protected, no addresses may be modified
WRT applies only to the self-write feature of the device; writing through ICSP™ is never protected.

Note 1: The LVP bit cannot be programmed to ‘0’ when Programming mode is entered via LVP.
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6.13 Register Definitions: Power Control

REGISTER 6-2: PCONO: POWER CONTROL REGISTER O

R/W/HS-0/q R/W/HS-0/q uU-0 R/W/HC-1/g R/W/HC-1/q R/W/HC-1/qg R/W/HC-gq/lu R/W/HC-q/u
STKOVF STKUNF — RWDT RMCLR RI POR BOR
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 STKOVF: Stack Overflow Flag bit

1 = A Stack Overflow occurred

0 = A Stack Overflow has not occurred or has been cleared by firmware
bit 6 STKUNF: Stack Underflow Flag bit

1 = A Stack Underflow occurred

0 = A Stack Underflow has not occurred or has been cleared by firmware
bit 5 Unimplemented: Read as ‘0’
bit 4 RWDT: Watchdog Timer Reset Flag bit

1 = A Watchdog Timer Reset has not occurred or set to ‘1’ by firmware

0 = A Watchdog Timer Reset has occurred (cleared by hardware)
bit 3 RMCLR: MCLR Reset Flag bit

1 = AMCLR Reset has not occurred or set to ‘1’ by firmware

0 = A MCLR Reset has occurred (cleared by hardware)
bit 2 RI: RESET Instruction Flag bit

1 = A RESET instruction has not been executed or set to ‘1’ by firmware

0 = A RESET instruction has been executed (cleared by hardware)
bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset

occurs)

TABLE 6-5: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgpizgeé
BORCON | SBOREN — — — — — — BORRDY 76
PCONO | STKOVF | STKUNF — RWDT | RMCLR RI POR BOR 77
STATUS — — — TO PD z DC C 30
WDTCON — — WDTPS<4:0> SWDTEN 121
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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11.4.8 WRITE VERIFY

It is considered good programming practice to verify that
program memory writes agree with the intended value.
Since program memory is stored as a full row, then the
stored program memory contents are compared with the
intended data stored in RAM after the last write is
complete.

FIGURE 11-7: PROGRAM FLASH
MEMORY VERIFY
FLOWCHART

Start
Verify Operation

\ 4

This routine assumes that the last row
of data written was from an image
saved in RAM. This image will be used
to verify the data currently stored in
Flash Program Memory.

\ 4

Read Operation
Figure 11-1

\ 4

Fail
Verify Operation

End
Verify Operation
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19.2 Register Definitions: PWM Control

REGISTER 19-1: PWMxCON: PWM CONTROL REGISTER

R/W-0/0 U-0 R-0 R/W-0/0 u-0 U-0 U-0 U-0
PWMxEN — PWMxOUT | PWMxPOL — — — —
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 PWMxEN: PWM Module Enable bit

1 = PWM module is enabled
0 = PWM module is disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 PWMxOUT: PWM Module Output Level when bit is read.
bit 4 PWMxPOL: PWMx Output Polarity Select bit

1 = PWM output is active-low.
0 = PWM output is active-high.

bit 3-0 Unimplemented: Read as ‘0’
REGISTER 19-2:. PWMxDCH: PWM DUTY CYCLE HIGH BITS
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
PWMxDC<9:2>
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 7-0 PWMxDC<9:2>: PWM Duty Cycle Most Significant bits

These bits are the MSbs of the PWM duty cycle. The two LSbs are found in PWMxDCL Register.
REGISTER 19-3: PWMxDCL: PWM DUTY CYCLE LOW BITS

R/W-x/u R/W-x/u uU-0 u-0 uU-0 u-0 u-0 uU-0
PWMxDC<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’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 PWMxDC<1:0>: PWM Duty Cycle Least Significant bits

These bits are the LSbs of the PWM duty cycle. The MSbs are found in PWMxDCH Register.
bit 5-0 Unimplemented: Read as ‘0’
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22.0 ANALOG-TO-DIGITAL The ADC can generate an interrupt upon completion of

CONVERTER (A DC) MODULE a conversion. This interrupt can be used to wake-up the
device from Sleep.

The Analog-to-Digital Converter (ADC) allows

conversion of an analog input signal to a 10-bit binary

representation of that signal. This device uses analog

inputs, which are multiplexed into a single sample and

hold circuit. The output of the sample and hold is

connected to the input of the converter. The converter

generates a 10-bit binary result via successive

approximation and stores the conversion result into the

ADC result registers (ADRESH:ADRESL register pair).

Figure 22-1 shows the block diagram of the ADC.

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

FIGURE 22-1: ADC BLOCK DIAGRAM
VDD ——  ADPREF<1:0> e oo0nez2e
Positive
VDD Reference
RESERVED ----------------1 Select
VREF+ pin
FVR BUFFER ADNREF
Negative
VREF- pin Reference
Select
ADCS<2:0>
ANO L Vss
ANa VRNEG VRPOS
External e
Fosc/n| Fosc
Chligztesl AND AnG ¢ Divider| [« FosC
~— sampled ADC_ck | | 100k
ANz E input Select| ERC ’ Frc
Internal Temp Indicator
Channel DACx_output ADC CLOCK SOURCE
NPUts | FVR _buffert ADC
Sample Circuit
CHS<4:0>
ADFM
set bit ADIF
let 10 10-bit Result
Write to bit ___r complete -bit Resu
GODONE g7~ GO/DONE .
> 4 start
Q4 v
Q2 ‘ ADRESH | ADRESL ‘
Enable
. Trigger Select
TRIGSEL<5:0> — ADON 4{%
‘ ‘ e ‘ ‘ | Vss
Trigger Sources -
AUTO CONVERSION
TRIGGER
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22.2 ADC Operation

22.2.1 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 Section 22.2.6 “ADC Conver-
sion Procedure”.

22.2.2 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

22.2.3 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.

2224 ADC OPERATION DURING SLEEP

The ADC module can operate during Sleep. This
requires the ADC clock source to be set to the ADCRC
option. When the ADCRC oscillator source is selected,
the ADC waits one additional instruction before starting
the conversion. This allows the SLEEP instruction to be
executed, which can reduce system noise during the
conversion. 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 completes,
although the ADON bit remains set.

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

22.2.5 AUTO-CONVERSION TRIGGER

The Auto-conversion Trigger allows periodic ADC
measurements 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 ADACT<4:0> bits of the ADACT register.

See Table 22-2 for auto-conversion sources.

TABLE 22-2: ADC AUTO-CONVERSION
TABLE
S(_)urce Description
Peripheral

TMRO Timer0Q Overflow condition
TMR1 Timer1 Overflow condition
TMR3 Timer3 Overflow condition
TMR5 Timer5 Overflow condition
TMR2 Match between Timer2 and PR2
TMR4 Match between Timer4 and PR4
TMR6 Match between Timer6 and PR6
C1 Comparator C1 output
Cc2 Comparator C2 output
CLC1 CLC1 output
CLC2 CLC2 output
CLC3 CLC3 output
CLC4 CLC4 output
CCP1 CCP1 output
CCP2 CCP2 output
CCP3 CCP3 output
CCP4 CCP4 output
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Preliminary

© 2015-2016 Microchip Technology Inc.



PIC16(L)F18325/18345

25.0 DATA SIGNAL MODULATOR
(DSM) MODULE

The Data Signal Modulator (DSM) is a peripheral which
allows the user to mix a data stream, also known as a
modulator signal, with a carrier signal to produce a
modulated output.

Both the carrier and the modulator signals are supplied
to the DSM module either internally from the output of
a peripheral, or externally through an input pin.

The modulated output signal is generated by
performing a logical “AND” operation of both the carrier
and modulator signals and then provided to the MDOUT

pin.

The carrier signal is comprised of two distinct and
separate signals. A carrier high (CARH) signal and a
carrier low (CARL) signal. During the time in which the
modulator (MOD) signal is in a logic high state, the
DSM mixes the carrier high signal with the modulator
signal. When the modulator signal is in a logic low
state, the DSM mixes the carrier low signal with the
modulator signal.

Using this method, the DSM can generate the following
types of key modulation schemes:

* Frequency-Shift Keying (FSK)

* Phase-Shift Keying (PSK)

+ On-Off Keying (OOK)

Additionally, the following features are provided within
the DSM module:

 Carrier Synchronization

 Carrier Source Polarity Select

* Carrier Source Pin Disable

* Programmable Modulator Data

* Modulator Source Pin Disable

* Modulated Output Polarity Select

» Slew Rate Control

Figure 25-1 shows a simplified block diagram of the
Data Signal Modulator peripheral.

© 2015-2016 Microchip Technology Inc. Preliminary DS40001795C-page 265
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28.0 TIMER2/4/6 MODULE

Timer2/4/6 modules are 8-bit timers that incorporate Note 1:

the following features:

 8-bit Timer and Period registers (TMR2/4/6 and
PR2/4/6, respectively)

» Readable and writable (both registers)
+ Software programmable prescaler (1:1, 1:4, 1:16,

and 1:64)

+ Software programmable postscaler (1:1 to 1:16)
* Interrupt on TMR2/4/6 match with PR2/4/6
+ Optional use as the shift clock for the MSSPx

module

See Figure 28-1 for a block diagram of Timer2/4/6.

In devices with more than one Timer
module, it is very important to pay close
attention to the register names used. A
number placed after the module acronym
is used to distinguish between separate
modules. For example, the T2CON and
T4CON control the same operational
aspects of two completely different Timer
modules.

Throughout  this  section, generic
references to Timer2 module in any of its
operating modes may be interpreted as
being equally applicable to Timerx
module. Register names, module
signals, 1/0 pins and bit names may use
the generic designator X’ to indicate the
use of a numeral to distinguish a
particular module, when required.

FIGURE 28-1: TIMER2/4/6 BLOCK DIAGRAM
Tx_match
Prescaler x_mate To Peripherals
Fosc/d ™1 1:1,1:4, 1:16, 1:64 TMR2i4/6 R
4/2
) Comparator Postscaler set bit
TxCKPS<1:0> P 1110 1:16 TMRxIF
4/4
PR2/4/6 TXOUTPS<3:0>
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29.4 PWM Overview

Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the on state and the low portion of the signal
is considered the off state. The high portion, also known
as the pulse width, can vary in time and is defined in
steps. A larger number of steps applied, which
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pulse width, supplies less power. The
PWM period is defined as the duration of one complete
cycle or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the pulse
width time and in turn the power that is applied to the
load.

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

Figure 29-3 shows a typical waveform of the PWM
signal.

FIGURE 29-4:

29.4.1 STANDARD PWM OPERATION

The standard PWM mode generates a Pulse-Width
Modulation (PWM) signal on the CCPx pin with up to
ten bits of resolution. The period, duty cycle, and
resolution are controlled by the following registers:

* PR2/4/6 registers

* T2/4/6CON registers

* CCPRXxL registers

* CCPxCON registers

Figure 29-4 shows a simplified block diagram of PWM
operation.

Note:  The corresponding TRIS bit must be
cleared to enable the PWM output on the

CCPx pin.
FIGURE 29-3: CCP PWM OUTPUT SIGNAL
- Period -
_] I I

Pulse Width :
- ~<—TMR2 = PR2

<+—TMR2/4/6 = CCPRxH:CCPRxL

<—TMR2/4/6 =0

SIMPLIFIED PWM BLOCK DIAGRAM

Duty cycle registers
| CCPRXH = CCPRxL |

10-bit Latch®
(Not accessible by user) <

<

‘ Comparator } R

Rev. 10-0001578
22712014

CCPx_out
To Peripherals

———————set CCPIF

\ TMR2 R\ ) \

% {} ERS logic —
; —

‘ Comparator

create 10-bit time-base.

CCPx_pset

Notes: 1. 8-bit timer is concatenated with two bits generated by Fosc or two bits of the internal prescaler to

2. The alignment of the 10 bits from the CCPR register is determined by the CCPxFMT bit.

X CCPx

TRIS Control
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30.4.9 ACKNOWLEDGE SEQUENCE

The ninth SCL pulse for any transferred byte in I°C is
dedicated as an Acknowledge. It allows receiving
devices to respond back to the transmitter by pulling
the SDA line low. The transmitter must release control
of the line during this time to shift in the response. The
Acknowledge (ACK) is an active-low signal, pulling the
SDA line low indicates to the transmitter that the
device has received the transmitted data and is ready
to receive more.

The result of an ACK is placed in the ACKSTAT bit of
the SSPxCONZ2 register.

Slave software, when the AHEN and DHEN bits are
set, the clock is stretched, allowing the slave time to
change the ACK value before it is sent back to the
transmitter. The ACKDT bit of the SSPxCON2 register
is set/cleared to determine the response.

There are certain conditions where an ACK will not be
sent by the slave. If the BF bit of the SSPxSTAT
register or the SSPOV bit of the SSPxCON1 register
are set when a byte is received.

When the module is addressed, after the eighth falling
edge of SCL on the bus, the ACKTIM bit of the
SSPxCONS register is set. The ACKTIM bit indicates
the acknowledge time of the active bus. The ACKTIM
Status bit is only active when the AHEN bit or DHEN
bit is enabled.

30.5 I°C SLAVE MODE OPERATION

The MSSP Slave mode operates in one of four modes
selected by the SSPM bits of SSPxCON1 register. The
modes can be divided into 7-bit and 10-bit Addressing
mode. 10-bit Addressing modes operate the same as
7-bit with some additional overhead for handling the
larger addresses.

Modes with Start and Stop bit interrupts operate the
same as the other modes with SSPxIF additionally
getting set upon detection of a Start, Restart, or Stop
condition.

30.5.1 SLAVE MODE ADDRESSES

The SSPxADD register (Register 30-6) contains the
Slave mode address. The first byte received after a
Start or Restart condition is compared against the
value stored in this register. If the byte matches, the
value is loaded into the SSPxBUF register and an
interrupt is generated. If the value does not match, the
module goes idle and no indication is given to the
software that anything happened.

The SSP Mask register (Register 30-5) affects the
address matching process. See Section 30.5.9 “SSP
Mask Register” for more information.

30.5.1.1  I2C Slave 7-bit Addressing Mode

In 7-bit Addressing mode, the LSb of the received data
byte is ignored when determining if there is an address
match.

30.5.1.2 12C Slave 10-bit Addressing Mode

In 10-bit Addressing mode, the first received byte is
compared to the binary value of ‘11110 A9 A8 0’. A9
and A8 are the two MSb’s of the 10-bit address and
stored in bits 2 and 1 of the SSPxADD register.

After the acknowledge of the high byte the UA bit is set
and SCL is held low until the user updates SSPxADD
with the low address. The low address byte is clocked
in and all eight bits are compared to the low address
value in SSPxADD. Even if there is not an address
match; SSPIF and UA are set, and SCL is held low
until SSPxADD is updated to receive a high byte
again. When SSPxADD is updated the UA bit is
cleared. This ensures the module is ready to receive
the high address byte on the next communication.

A high and low address match as a write request is
required at the start of all 10-bit addressing communi-
cation. A transmission can be initiated by issuing a
Restart once the slave is addressed, and clocking in
the high address with the R/W bit set. The slave
hardware will then acknowledge the read request and
prepare to clock out data. This is only valid for a slave
after it has received a complete high and low address
byte match.

© 2015-2016 Microchip Technology Inc.
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FIGURE 30-14:

I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN = 0, AHEN = 0, DHEN = 0)

SSPxIE

Receiving Address Receiving Data
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30.5.8 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the I2C bus is such that
the first byte after the Start condition usually deter-
mines which device will be the slave addressed by the
master device. The exception is the general call
address which can address all devices. When this
address is used, all devices should, in theory, respond
with an acknowledge.

The general call address is a reserved address in the
1’c protocol, defined as address 0x00. When the
GCEN bit of the SSPxCON2 register is set, the slave
module will automatically ACK the reception of this
address regardless of the value stored in SSPxADD.
After the slave clocks in an address of all zeros with

FIGURE 30-24:

the R/W bit clear, an interrupt is generated and slave
software can read SSPxBUF and respond.
Figure 30-24 shows a general call reception
sequence.

In 10-bit Address mode, the UA bit will not be set on
the reception of the general call address. The slave
will prepare to receive the second byte as data, just as
it would in 7-bit mode.

If the AHEN bit of the SSPxCON3 register is set, just
as with any other address reception, the slave hard-
ware will stretch the clock after the eighth falling edge
of SCL. The slave must then set its ACKDT value and
release the clock with communication progressing as it
would normally.

SLAVE MODE GENERAL CALL ADDRESS SEQUENCE

General Call Address

SDA T\

Address is compared to General Call Address
after ACK, set interrupt

Receiving Data ACK

SCL

SSPxIF

/ACK/'D7 X b6 X D5X 04 X D3 X D2 X 01X DO)

o

BF (SSPxSTAT<0>)

.: [
— T

GCEN (SSPxCON2<7>)

=

I Cleared by software
SPxBUF is read

30.5.9 SSP MASK REGISTER

An SSP Mask (SSPMSK) register (Register 30-5) is
available in I°C Slave mode as a mask for the value
held in the SSPxSR register during an address
comparison operation. A zero (‘0’) bit in the SSPxMSK
register has the effect of making the corresponding bit
of the received address a “don’t care”.

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.

The SSP Mask register is active during:

» 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.
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30.6.2 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, transmit or Repeated Start/Stop condition,
releases the SCL pin (SCL allowed to float high). When
the SCL pin is allowed to float high, the Baud Rate
Generator (BRG) is suspended from counting until the

FIGURE 30-25:

SCL pin is actually sampled high. When the SCL pin is
sampled high, the Baud Rate Generator is reloaded
with the contents of SSPxADD<7:0> and begins count-
ing. This ensures that the SCL high time will always be
at least one BRG rollover count in the event that the
clock is held low by an external device (Figure 30-25).

BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX

X

DX, -1

SCL \

SCL deasserted but slave holds
SCL low (clock arbitration) |

r SCL allowed to transition high

/

BRG decrements on
Q2 and Q4 cycles

. ! ! ! .
BRG
SR X030 X o2n X oth X 00N (hold off) :>< 03h X o02n
I
| SCL is sampled high, reload takes
place and BRG starts its count
BRG l
Reload

30.6.3 WCOL STATUS FLAG

If the user writes the SSPxBUF when a Start, Restart,
Stop, Receive or Transmit sequence is in progress, the
WCOL is set and the contents of the buffer are
unchanged (the write does not occur). Any time the
WCOL bit is set it indicates that an action on SSPxBUF
was attempted while the module was not idle.

Note: Because queuing of events is not allowed,
writing to the lower five bits of SSPxCON2
is disabled until the Start condition is

complete.
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30.6.5 I°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition (Figure 30-27) occurs when
the RSEN bit of the SSPxCON2 register is
programmed high and the master state machine is no
longer active. When the RSEN bit is set, the SCL pin is
asserted low. When the SCL pin is sampled low, the
Baud Rate Generator is loaded and begins counting.
The SDA pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDA is sampled high, the SCL
pin will be deasserted (brought high). When SCL is
sampled high, the Baud Rate Generator is reloaded
and begins counting. SDA and SCL must be sampled
high for one TBRG. This action is then followed by
assertion of the SDA pin (SDA = 0) for one TBRG while
SCL is high. SCL is asserted low. Following this, the
RSEN bit of the SSPxCON2 register will be
automatically cleared and the Baud Rate Generator will
not be reloaded, leaving the SDA pin held low. As soon
as a Start condition is detected on the SDA and SCL
pins, the S bit of the SSPxSTAT register will be set. The
SSPxIF bit will not be set until the Baud Rate Generator
has timed out.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

» SDA is sampled low when SCL
goes from low-to-high.

» SCL goes low before SDA is
asserted low. This may indicate
that another master is attempting
to transmit a data ‘1’.

FIGURE 30-27: REPEATED START CONDITION WAVEFORM

S bit set by hardware
Write to SSPxCON2

occurs here SDA=1 At completion of Start bit,
SDA =1, _ hardware clears RSEN bit
SCL (no change) SCL= ll 1 and sets SSPxIF
[«TBRG-*-TBRG—+TBRG
. - .

SDA

—l 1
| 1stbit X

|
| ! |
1 : |
! X X l }TBRG|
' Sr " leTereH

Lo
Repeated Start

|
| ' Write to SSPxBUF occurs here
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34.0 INSTRUCTION SET SUMMARY

Each instruction is a 14-bit word containing the opera-
tion code (opcode) and all required operands. The
opcodes are broken into three broad categories.

» Byte Oriented
« Bit Oriented
« Literal and Control

The literal and control category contains the most
varied instruction word format.

Table 34-3 lists the instructions recognized by the
MPASM™ assembler.

All instructions are executed within a single instruction
cycle, with the following exceptions, which may take
two or three cycles:

» Subroutine entry takes two cycles (CALL, CALLW

» Returns from interrupts or subroutines take two
cycles (RETURN, RETLW RETFI E)

* Program branching takes two cycles (GOTO, BRA,
BRW BTFSS, BTFSC, DECFSZ, | NCSFZ)

» One additional instruction cycle will be used when
any instruction references an indirect file register
and the file select register is pointing to program
memory.

One instruction cycle consists of 4 oscillator cycles; for
an oscillator frequency of 4 MHz, this gives a nominal
instruction execution rate of 1 MHz.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

34.1 Read-Modify-Write Operations

Any write instruction that specifies a file register as part
of the instruction performs a Read-Modify-Write
(R-M-W) operation. The register is read, the data is
modified, and the result is stored according to either the
working (W) register, or the originating file register,
depending on the state of the destination designator 'd'
(see Table 34-1 for more information). A read operation
is performed on a register even if the instruction writes
to that register.

TABLE 34-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)
Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

X |x|o|S|—

Don'’t care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.

d | Destination select; d = 0: store resultin W,
d = 1: store result in file register f.

n | FSR or INDF number. (0-1)

mm | Pre-post increment-decrement mode
selection

TABLE 34-2: ABBREVIATION
DESCRIPTIONS

Field Description

PC | Program Counter
TO |Time-Out bit

C |Carry bit
DC |Digit Carry bit
Z | Zero bit

PD | Power-Down bit
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TABLE 35-2:

SUPPLY CURRENT (Ipp)(-:2)

PIC16LF18325/18345 | Standard Operating Conditions (unless otherwise stated)
PIC16F18325/18345 |Standard Operating Conditions (unless otherwise stated)
Conditions
Param. Symbol Device Characteristics Min. | Typ.T | Max. | Units
No. VDD Note
D100 |IDDxT4 XT =4 MHz — | 321 | 455 | uA |3.0V A
D100 | IDDxT4 XT = 4 MHz — | 332 [479 | uA [30v] \\
D101 IDDHFO16  |HFINTOSC = 16 MHz — | 13 [ 18] mA [30vf—)\ \
D101 IDDHFO16  |HFINTOSC = 16 MHz — | 14 | 19 | mA |3.0V
D102 |IDDHFOPLL |HFINTOSC = 32 MHz — | 22 | 28 | mA 30w D
D102 |IDDHFOPLL |HFINTOSC = 32 MHz — | 23 [ 29 [ mK}B0Y|)
D103 |IDDHsPLL32 |HS+PLL =32 MHz l/ﬁ
D103  |IDDHsPLL32 |HS+PLL =32 MHz
D104 |IDDIDLE IDLE Mode, HFINTOSC = 16 MHz
D104 |IDDIDLE IDLE Mode, HFINTOSC = 16 MHz
@) |DOZE mode, HFINTOSC = 16 MHz,
D105 | IDDDOZE™ | 67k Ratio = 16
@) |DOZE mode, HFINTOSC = 16 MHz,
D105 | IDDROZE™ | poyzE Ratio = 16

Note 1:

pin loading and switching rate, oscillato
an impact on the current consumption.
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TABLE 35-4: 1/0 PORTS
DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Pe?\lrgm. Sym. Characteristic Min. Typ.T| Max. |Units Conditions
VIL Input Low Voltage
I/0 PORT: R
D300 with TTL buffer — — 0.8 V  |4.5V <VDD §<5.\§V
D301 — — (0.15VDD| V 1.8V3\M5\(
D302 with Schmitt Trigger buffer — — 0.2 VDD vV |2.0V SM
D303 with 12C levels — — |03vop | v N\
D304 with SMBus levels — — 0.8 \Y vaaD <5.5V
D305 MCLR — — Jo2ven | W[\ ___ 7
VIH Input High Voltage \
/O PORT: S~ )
D320 with TTL buffer 2.0 — — ‘\V7 hv;g VDD < 5.5V
D321 0.25VDD+0.8| — — \/6 1.8V <VDD < 4.5V
D322 with Schmitt Trigger buffer 0.8 VDD — — V\ 2.0V <VbDD 5.5V
D323 with 1°C levels 0.7 VDD — — 4
D324 with SMBus levels 2.1 — — V 2.7V <VDD <55V
D325 MCLR 0.7vor ™| [\ — v
I Input Leakage Current®
D340 1/0 Ports — \_5\ +125 nA |Vss < VPIN <VDD,
\ Pin at high-impedance, 85°C
D341 \ \> 5 + 1000 nA |Vss < VPIN <VDD,
\ Pin at high-impedance, 125°C
D342 MCLR®@ % +50 | +200 | nA |Vss<VPIN<VDD,
Pin at high-impedance, 85°C
IPUR |Weak Pull-up Current
D350 | 25 ‘ 120 | 200 ‘ pA ‘ VDD = 3.0V, VPIN = Vss
VoL |Output LOWWM‘D />
D360 110 p((rt/; /] — ‘ — | 0.6 ‘ \Y ‘ loL = 10.0 mA, VDD = 3.0V
VOH Ou},f{u}/ﬁigy/\kltagew
D370 M — V  |IoH =6.0 mA, VDD = 3.0V
D380 50 pF
tain “Typ.” coldmn is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
No

represent normal operating conditions. Higher leakage current may be measured at different input voltages.
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TABLE 35-24: 1°C BUS DATA CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Pa’\rlgm. Symbol Characteristic Min. Max. | Units Conditions
SP100* | THIGH Clock high time 100 kHz mode 4.0 — ps | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — pus | Device mugt operate at a
minimum gf 10 MHz
SSP module 15Tey | — L\
SP101* | TLow Clock low time 100 kHz mode 4.7 — us |De operate at a
minimum of 1.
400 kHz mode 1.3 — pus /| Deyice, must opergt/e ata
%‘i?}m m of 10 MHz
SSP module 15Ty | — | N _—/
SP102* |TR SDA and SCL rise | 100 kHz mode — 1000 ns \
time 400 kHz mode 20 + 3 ns CB\'QO?ecified to be from
0.1Cs &\ 10-400 pF
SP103* |TF SDA and SCL fall | 100 kHz mode — 250 \ rs ~
time 400 kHz mode 20 + 250 § | CBis specified to be from
0.1€8 10-400 pF
SP106* |THD:DAT |Datainputhold  |100 kHz mode 0 N\ [ U
time 400kHzmode [ 0 109 us
SP107* |Tsu:DAT |Data input setup 100 kHz moden | \A‘SO — ns |(Note 2)
Lkt 400 kHz modex |\ 100N N — | ns
SP109* |TAA Output valid from 100 kH;/Fn\od\e 3500 ns |(Note 1)
clock 400 kHxmedeN] X | — | ns
SP110* |TBUF  |Bus free time 106~kHz MmodeN\ | "\ 4.7 — | s |Time the bus must be free
00 Rz miode 13 _ us before a new transmission
K can start
SP111  |CB Bus capacitive I¢ading — 400 | pF

These parameters are charactetized but nottested.
Note 1: As a transmitter, the device must i

2: A Fast mode (400
requirement Tay:

stretch the J6 signal. If such a device does stretch the low period of the SCL signal, it
must outp the SDA line TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the
Standa pecification), before the SCL line is released.
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Package Marking Information (Continued)

16-Lead UQFN (4x4x0.5mm) Example

4 XXXXX . #PIC16
PIN 1 i’XXXXXX PIN 1 H:18325
XXXXXX ML
YWWNNN 519017

20-Lead PDIP (300 mil) Example

O rary LIl rargrargrardrg

XXXXXXXXXXXXXXXXX PIC16LF18345
XXXXXXXXXXXXXXXXX /P €3
O A\ YYWWNNN O R\ 1519017
JLIJLILILILIJLILICILT CILILILILIL I T LT T
20-Lead SOIC (7.50 mm) Example
HOO0000 0] OO0 000II
XXXXXXXXXXXXXX PIC16LF18345
XXXXXXXXXXXXXX /SO
XXXXXXXXXXXXXX
o R YYWWNNN o Q) 1519017

IRINRIRINIRIRININ ININRIRIRIRIRININ

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01°)
NNN  Alphanumeric traceability code
Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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16-Lead Ultra Thin Plastic Quad Flat, No Lead Package (JQ) - 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

C1
X2 |

tlagoo

® D
2

—

C2 Y2

OO
OOOO-

- @ @ vi
X1 " \
SILK SCREEN

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width X2 2.70
Optional Center Pad Length Y2 2.70
Contact Pad Spacing C1 4.00
Contact Pad Spacing Cc2 4.00
Contact Pad Width (X16) X1 0.35
Contact Pad Length (X16) Y1 0.80

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing C04-2257A
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