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within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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PIC16(L)F1847

PIN ALLOCATION TABLE

TABLE 1: 18/20/28-PIN SUMMARY (PIC16(L)F1847)
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RAO | 17 | 19 | 23 ANO — CPSO | C12INo- | — — — — sbo2 | — — N —
RA1 |18 |20 |24 | Y | AN1 — CPS1 |C12IN1-| — — — — SS2 — — N —
RA2 | 1|1 |26| Y |AN2 | VRer- | CPS2 |C12IN2-| — = = = = = = N =
DACOUT C12IN+
RA3| 2 | 2 |27| Y | AN3 | VRer+ | CPS3 [C12IN3-| SRQ — CCP3 — — — — N —
C1IN+
c10UT
RA4 28 | Y | AN4 — CPS4 | C20UT | SRNQ | TOCKI CCP4 — = = = N =
RA5 41 |N| — — — — — — — — ss1h | — — |Y®| MCLIR
VprP
RA6 |15 |17 |20 | N | — — — — — — p1D(M — spo1™ | — — N | Osc2
p2B(") CLKOUT
CLKR
RA7 |16 |18 |21 | N | — — — — — — p1ct — — — — N | osct
ccp2 CLKIN
p2AM
RBO| 6 |7 |7 |N| — = = = SRI TIG | ccPp1® | — = INT = Y =
P1A(" 10C
FLTO
RB1|7 | 8] 81| Y |ANM — CPS11 — — — — RX(13) | sDA1 | 10C — Y —
DT3) |  sDI1
RB2| 8| 9| 9| Y |[AN10 = CcPS10| — = = = RXM | sDA2 |10C | MDMIN | Y =
pT(" SDI2
X3 | spo1(13)
CK(13)
RB3| 9 |10| 10| Y | AN9 — CPS9 — — — ccp1(d) | — — I0C | MDOUT | Y —
P1A(3)
RB4 (10|11 |12 | Y | AN8 — CPS8 — — — — — SCL1 | IOC | MDCIN2 | Y —
SCK1
RB5| 11|12 |13 | Y | AN7 — CPS7 — — — P1B > SCL2 | loC — Y —
ck™M | sck2
551(13)
RB6 |12 | 13| 15| Y | AN5 — CPS5 — — TicKl | P1ct®) | — — 10C — Y | ICSPCLK
T10scl | ccp2(!d)
p2A(3)
RB7 |13 |14 |16 | Y | AN6 — CPS6 — — |Tosco| piD(A | — — IOC | MDCIN1 | Y | ICSPDAT
p25(1:3)
Vop | 14 |15, (17, | — | — — — — — — — — — — — — VDD
16 | 19
Vss | 5 [56|35|—| — — — — — — — — — — — — Vss
Pin functions can be moved using the APFCON register(s).

Note 1:

Weak pull-up always enabled when MCLR is enabled, otherwise the pull-up is under user control.
Default function location.
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5.3 Clock Switching

The system clock source can be switched between
external and internal clock sources via software using
the System Clock Select (SCS) bits of the OSCCON
register. The following clock sources can be selected
using the SCS bits:

» Default system oscillator determined by FOSC
bits in Configuration Words

» Timer1 32 kHz crystal oscillator

« Internal Oscillator Block (INTOSC)

5.3.1 SYSTEM CLOCK SELECT (SCS)
BITS

The System Clock Select (SCS) bits of the OSCCON
register selects the system clock source that is used for
the CPU and peripherals.

* When the SCS bits of the OSCCON register = 00,
the system clock source is determined by value of
the FOSC<2:0> bits in the Configuration Words.

* When the SCS bits of the OSCCON register = 01,
the system clock source is the Timer1 oscillator.

* When the SCS bits of the OSCCON register = 1x,
the system clock source is chosen by the internal
oscillator frequency selected by the IRCF<3:0>
bits of the OSCCON register. After a Reset, the
SCS bits of the OSCCON register are always
cleared.

Note:  Any automatic clock switch, which may
occur from Two-Speed Start-up or
Fail-Safe Clock Monitor, does not update
the SCS bits of the OSCCON register. The
user can monitor the OSTS bit of the
OSCSTAT register to determine the

current system clock source.

When switching between clock sources, a delay is
required to allow the new clock to stabilize. These
oscillator delays are shown in Table 5-1.

53.2  OSCILLATOR START-UP TIME-OUT
STATUS (OSTS) BIT

The Oscillator Start-up Time-out Status (OSTS) bit of
the OSCSTAT register indicates whether the system
clock is running from the external clock source, as
defined by the FOSC<2:0> bits in the Configuration
Words, or from the internal clock source. In particular,
OSTS indicates that the Oscillator Start-up Timer
(OST) has timed out for LP, XT or HS modes. The OST
does not reflect the status of the Timer1 Oscillator.

5.3.3 TIMER1 OSCILLATOR

The Timer1 Oscillator is a separate crystal oscillator
associated with the Timer1 peripheral. It is optimized
for timekeeping operations with a 32.768 kHz crystal
connected between the T10SO and T10SI device
pins.

The Timer1 oscillator is enabled using the TIOSCEN
control bit in the T1CON register. See Section 21.0
“Timer1 Module with Gate Control” for more
information about the Timer1 peripheral.

534  TIMER1 OSCILLATOR READY
(T10SCR) BIT

The user must ensure that the Timer1 Oscillator is
ready to be used before it is selected as a system clock
source. The Timer1 Oscillator Ready (T10OSCR) bit of
the OSCSTAT register indicates whether the Timer1
oscillator is ready to be used. After the T1OSCR bit is
set, the SCS bits can be configured to select the
Timer1 oscillator.

DS40001453E-page 60
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REGISTER 8-9: PIR4: PERIPHERAL INTERRUPT REQUEST REGISTER 4

uU-0 uU-0 uU-0 uU-0 u-0 u-0 R/W/HS-0/0 R/W/HS-0/0
— — — - | = 1 = BCL2IF SSP2IF
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 HS = Bit is set by hardware
bit 7-2 Unimplemented: Read as ‘0’
bit 1 BCL2IF: MSSP2 Bus Collision Interrupt Flag bit

1 = A Bus Collision was detected (must be cleared in software)
0 = No Bus collision was detected
bit 0 SSP2IF: Master Synchronous Serial Port 2 (MSSP2) Interrupt Flag bit

1 = The Transmission/Reception/Bus Condition is complete (must be cleared in software)
0 = Waiting to Transmit/Receive/Bus Condition in progress

Note 1: Interrupt flag bits are set when an inter-
rupt 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.

TABLE 8-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page

INTCON GIE PEIE TMROIE INTE IOCE TMROIF INTF IOCF 88
OPTION_REG WPUEN INTEDG | TMROCS | TMROSE PSA PS<2:0> 175
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 89
PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — CCP2IE 90
PIE3 = = CCP4IE | CCP3IE | TMR6IE = TMR4IE = 91
PIE4 _ _ — _ — — BCL2IE | SSP2IE 92
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMRI1IF 93
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — CCP2IF 94
PIR3 — — CCP4IF CCP3IF TMRG6IF — TMRA4IF — 95
PIR4 — — — — = = BCL2IF SSP2IF 96
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by interrupts.

DS40001453E-page 96 © 2011-2013 Microchip Technology Inc.
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11.0 DATA EEPROM AND FLASH
PROGRAM MEMORY
CONTROL

The Data EEPROM and Flash program memory are
readable and writable during normal operation (full VDD
range). These memories are not directly mapped in the
register file space. Instead, they are indirectly
addressed through the Special Function Registers
(SFRs). There are six SFRs used to access these
memories:

+ EECON1
+ EECON2
« EEDATL
« EEDATH
+ EEADRL
+ EEADRH

When interfacing the data memory block, EEDATL
holds the 8-bit data for read/write, and EEADRL holds
the address of the EEDATL location being accessed.
These devices have 256 bytes of data EEPROM with
an address range from Oh to OFFh.

When accessing the program memory block, the
EEDATH:EEDATL register pair forms a 2-byte word
that holds the 14-bit data for read/write, and the
EEADRL and EEADRH registers form a 2-byte word
that holds the 15-bit address of the program memory
location being read.

The EEPROM data memory allows byte read and write.
An EEPROM byte write automatically erases the loca-
tion and writes the new data (erase before write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump rated to operate over the voltage range of
the device for byte or word operations.

Depending on the setting of the Flash Program
Memory Self Write Enable bits WRT<1:0> of the
Configuration Words, the device may or may not be
able to write certain blocks of the program memory.
However, reads from the program memory are always
allowed.

When the device is code-protected, the device
programmer can no longer access data or program
memory. When code-protected, the CPU may continue
to read and write the data EEPROM memory and Flash
program memory.

11.1 EEADRL and EEADRH Registers

The EEADRH:EEADRL register pair can address up to
a maximum of 256 bytes of data EEPROM or up to a
maximum of 32K words of program memory.

When selecting a program address value, the MSB of
the address is written to the EEADRH register and the
LSB is written to the EEADRL register. When selecting
a EEPROM address value, only the LSB of the address
is written to the EEADRL register.

11.1.1 EECON1 AND EECON2 REGISTERS

EECON1 is the control register for EE memory
accesses.

Control bit EEPGD determines if the access will be a
program or data memory access. When clear, any
subsequent operations will operate on the EEPROM
memory. When set, any subsequent operations will
operate on the program memory. On Reset, EEPROM is
selected by default.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation to
occur. On power-up, the WREN bit is clear. The
WRERR bit is set when a write operation is interrupted
by a Reset during normal operation. In these situations,
following Reset, the user can check the WRERR bit
and execute the appropriate error handling routine.

Interrupt flag bit EEIF of the PIR2 register is set when
the write is complete. It must be cleared in the software.

Reading EECON2 will read all ‘0’s. The EECON2
register is used exclusively in the data EEPROM write
sequence. To enable writes, a specific pattern must be
written to EECON2.

© 2011-2013 Microchip Technology Inc.
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12.6.1 PORTB FUNCTIONS AND OUTPUT
PRIORITIES TABLE 12-4: PORTB OUTPUT PRIORITY

Each PORTB pin is multiplexed with other functions. The Pin Name Function Priority(!
pins, their combined functions and their output priorities
are shown in Table 12-4. RBO 218?)

When multiple outputs are enabled, the actual pin

control goes to the peripheral with the highest priority. RB1 SDA1

Analog input and some digital input functions are not §)|3(/1DT
included in the list below. These input functions can
remain active when the pin is configured as an output. RB2 SDA2
Certain digital input functions override other port TX/CK

functions and are included in the priority list. RX/DT
SDO1

RB2

RB3 MDOUT
CCP1/P1A
RB3

RB4 SCL1
SCK1
RB4

RB5 SCL2
TX/CK
SCK2
P1B
RB5

RB6 ICSPCLK
T10SI
P1C
CCP2
P2A

RB6

RB7 ICSPDAT
T10SO
P1D

P2B

RB7

Note 1: Periority listed from highest to lowest.

TABLE 12-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELB ANSB7 | ANSB6 | ANSB5 | ANSB4 ANSB3 ANSB2 | ANSB1 = 127
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 126
OPTION_REG WPUEN INTEDG | TMROCS | TMROSE PSA PS<2:0> 175
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 126
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 126
WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUBH1 WPUBO 127
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTB.

DS40001453E-page 128 © 2011-2013 Microchip Technology Inc.
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TABLE 16-1: ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES

ADC Clock Period (TAD) Device Frequency (Fosc)
ADC
Clock Source | APCS<2:0> 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 62.5ns(® 100 ns(? 125 ns® 250 ns(? 500 ns(® 20pus
Foscl4 100 125 ns® 200 ns® 250 ns® 500 ns(? 1.0 us 4.0 pus
Fosc/8 001 0.5 us® 400 ns® 0.5 ps@ 1.0 us 2.0 ps 8.0 us®
Fosc/16 101 800 ns 800 ns 1.0 us 2.0 s 4.0 us 16.0 us®
Fosc/32 010 1.0 us 1.6 us 2.0 us 4.0 ps 8.0 us® 32.0 ps®
Fosc/64 110 2.0 us 3.2 s 4.0 us 8.0 us® 16.0 us® 64.0 ps'®
FRC x11 1.0-6.0 pst®¥ | 1.0-6.0 us(*¥ | 1.0-6.0 us™¥ | 1.0-6.0 ps(*# | 1.0-6.0 us™¥ | 1.0-6.0 pst*4

Legend: Shaded cells are outside of recommended range.
Note 1: The FRC source has a typical TAD time of 1.6 us for VDD.
2: These values violate the minimum required TAD time.
3:  For faster conversion times, the selection of another clock source is recommended.
4: The ADC clock period (TaD) and total ADC conversion time can be minimized when the ADC clock is derived from the
system clock Fosc. However, the FRC clock source must be used when conversions are to be performed with the
device in Sleep mode.

FIGURE 16-2: ANALOG-TO-DIGITAL CONVERSION TAaD CYCLES

'|='CY - TAq TAD1  TAD2 . TAD3I TAD4 ITAD5 : TAD6B : TAD7 : TAD8 : TAD9 ITAD1O=TAD11
T b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Conversion starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO bit

On the following cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

© 2011-2013 Microchip Technology Inc. DS40001453E-page 139
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REGISTER 16-2: ADCON1: ADC CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0
ADFM ADCS<2:0> — ADNREF ADPREF<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’ = Bitis cleared
bit 7 ADFM: ADC Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are set to ‘0’ when the conversion result is
loaded.
0 = Left justified. Six Least Significant bits of ADRESL are set to ‘0’ when the conversion result is
loaded.
bit 6-4 ADCS<2:0>: ADC Conversion Clock Select bits
000 =Fosc/2
001 =Fosc/8

010 =Fosc/32

011 =FRc (clock supplied from a dedicated RC oscillator)
100 =Fosc/4

101 =Fosc/16

110 =Fosc/64

111 =FRc (clock supplied from a dedicated RC oscillator)

bit 3 Unimplemented: Read as ‘0’
bit 2 ADNREF: ADC Negative Voltage Reference Configuration bit
0 = VREF-is connected to Vss
1= VREF-is connected to external VREF- pin(1)
bit 1-0 ADPREF<1:0>: ADC Positive Voltage Reference Configuration bits
00 = VREF+ is connected to VDD
01 = Reserved
10 = VREF+ is connected to external VREF+ pin“)
11 = VREF+ is connected to internal Fixed Voltage Reference (FVR) module

Note 1: When selecting the FVR or the VREF+ pin as the source of the positive reference, be aware that a
minimum voltage specification exists. See Section 30.0 “Electrical Specifications” for details.

DS40001453E-page 144 © 2011-2013 Microchip Technology Inc.
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19.0 COMPARATOR MODULE

Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
Comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of program execution. The analog
comparator module includes the following features:

* Independent comparator control

* Programmable input selection

» Comparator output is available internally/externally

* Programmable output polarity

« Interrupt-on-change

» Wake-up from Sleep

* Programmable Speed/Power optimization

* PWM shutdown

* Programmable and Fixed Voltage Reference

19.1 Comparator Overview

A single comparator is shown in Figure 19-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

FIGURE 19-1: SINGLE COMPARATOR
VINY — 1+
Output
VIN- ———

---- VIN-
— VIN+

Output l l l l

Note: The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.

© 2011-2013 Microchip Technology Inc.
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21.0 TIMER1 MODULE WITH GATE + Gate Toggle Mode
CONTROL + Gate Single-pulse Mode

« Gate Value Status

The Timer1 module is a 16-bit timer/counter with the
» Gate Event Interrupt

following features:

» 16-bit timer/counter register pair (TMR1H:TMR1L)
* Programmable internal or external clock source

« 2-bit prescaler

» Dedicated 32 kHz oscillator circuit

» Optionally synchronized comparator out

» Multiple Timer1 gate (count enable) sources

* Interrupt on overflow

* Wake-up on overflow (external clock,
Asynchronous mode only)

» Time base for the Capture/Compare function
» Special Event Trigger (with CCP/ECCP)
» Selectable Gate Source Polarity

Figure 21-1 is a block diagram of the Timer1 module.

FIGURE 21-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0>
e 00 T1GSPM
From Timer0 01
Overflow — T1G_IN GVAL _ Data Bus
] Single Pulse RD
sync_C10UT 10 |
Acq. Control Q1— EN T1GCON
sync_C20UT—— 11 J
g T1GGO/DONE Interrupt | Set
e R TMR1GIF
T1GPOL T1GTM
TMR1GE
Set flag bit
gMRrgllF > » To Comparator Module
vertiow TMR1@ '
EN 0 Synchronized
TMR1H T™MRIL | 1y p T1CLK clock input
1|
TMR1CS<1:0>
T1SYNC
T10SO gb_ OUT ——
Cap. Sensing I
mose 1 Oscillator | | Prescaler Synchronize®
1,2,4,8
T1081 X} EN 10 4‘» _A det
2
0
Fosc T1CKPS<1:0>
Internal —7 01
Clock Fosc/2 i
ToseR Internal Sleep input
Fosc/4 Clock
) Internal — 00
Clock
T1CKI & ,I>

» To Clock Switching Modules

Note 1: ST Buffer is high speed type when using T1CKI.
2: Timer1 register increments on rising edge.
3: Synchronize does not operate while in Sleep.

© 2011-2013 Microchip Technology Inc. DS40001453E-page 177
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FIGURE 24-11: EXAMPLE OF FULL-BRIDGE PWM OUTPUT

Forward Mode

| Period | .
. - I
PxAl2) | | | |
' Pulse Width ! | |
le——«———»
I | I !
PxB(2) ! ! ! '
[ I [ T
| | | |
[ I | I
Pxc(? I I I I
[ T | T
| | | |
| | | |

0@ [ ] ]

| :
! | (1)

(1)

Reverse Mode

:< Period =; .
' _Pulse Width ' : :

f——————— >
PxA®) ! ' ! '
T I T '
| | | |
- |

pa® ]
| | | |
1 | | |
pxc@® __ | | | |
I | I |
I | I |
Px0@ : f : :
I | I |

Note 1: At this time, the TMRXx register is equal to the PRx register.
2: Output signal is shown as active-high.

© 2011-2013 Microchip Technology Inc. DS40001453E-page 217
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2552 SLAVE RECEPTION

When the RIW bit of a matching received address byte
is clear, the R/W bit of the SSPxSTAT register is
cleared. The received address is loaded into the
SSPxBUF 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 of the SSPxSTAT
register is set, or bit SSPOV of the SSPxCON1 register
is set. The BOEN bit of the SSPxCON3 register
modifies this operation. For more information see
Register 25-4.

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

When the SEN bit of the SSPxCON2 register is set,
SCLx will be held low (clock stretch) following each
received byte. The clock must be released by setting
the CKP bit of the SSPxCON1 register, except
sometimes in 10-bit mode. See Section 25.2.3 “SPI
Master Mode” for more detail.

25.5.2.1 7-bit Addressing Reception

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

This is a step by step process of what typically must
be done to accomplish 12C communication.
1. Start bit detected.

2. S bit of SSPxSTAT is set; SSPxIF is set if
interrupt on Start detect is enabled.

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

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

5. Software clears the SSPxIF bit.

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

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

8. The master clocks out a data byte.

9. Slave drives SDAXx low sending an ACK to the
master, and sets SSPxIF bit.

10. Software clears SSPxIF.

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

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

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

25522 7-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 SCLx. 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 I°C 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 SSPxCON2 register
set.

1. S bit of SSPxSTAT is set; SSPxIF is set if
interrupt on Start detect is enabled.

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

3. Slave clears the SSPxIF.

4. Slave can look at the ACKTIM bit of the SSPx-
CONS3 register to determine if the SSPxIF was
after or before the ACK.

5. Slave reads the address value from SSPxBUF,
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.
SSPxIF is set after an ACK, not after a NACK.

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

10. Slave clears SSPxIF.

®

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

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

12. Slave looks at ACKTIM bit of SSPxCON3 to
determine the source of the interrupt.

13. Slave reads the received data from SSPxBUF
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.
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IC SLAVE, 7-BIT ADDRESS, TRANSMISSION (AHEN = 0)

FIGURE 25-18:
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FIGURE 25-23: CLOCK SYNCHRONIZATION TIMING
‘QI Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1(Q2|Q3|Q4|Q1|Q2|Q3|Q4(Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4
l | | | S ' | >< | |
SDAx | I DX, ! | DX, — 1
| | — 5 - |
I I ro I : I I b I
sCLx | . L . 1 b _ I
| | T | \ | /I | /’I—I
I I Lo I ' I (G- | — | I
| T I | Master device J | )) | |
CKP I\ asserts clock R 1/
| | | f ) J I : | |
| | : | | Master device | | |
| | L—| | releases clock | - |
% A | A
SSPxCONH | i | (G | ! |
[ I " I I I I |
25.5.8 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
12C protocol, defined as address 0x00. When the
GCEN bit of the SSPxCON?2 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
the R/W bit clear, an interrupt is generated and slave

software can read SSPxBUF and respond.
Figure 25-24 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
hardware will stretch the clock after the 8th falling
edge of SCLx. The slave must then set its ACKDT
value and release the clock with communication
progressing as it would normally.
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25.7 BAUD RATE GENERATOR

The MSSPx module has a Baud Rate Generator avail-
able for clock generation in both 12C and SPI Master
modes. The Baud Rate Generator (BRG) reload value
is placed in the SSPxADD register (Register 25-6).
When a write occurs to SSPxBUF, the Baud Rate
Generator will automatically begin counting down.

Once the given operation is complete, the internal clock
will automatically stop counting and the clock pin will
remain in its last state.

An internal signal “Reload” in Figure 25-40 triggers the
value from SSPxADD to be loaded into the BRG
counter. This occurs twice for each oscillation of the

FIGURE 25-40:

module clock line. The logic dictating when the reload
signal is asserted depends on the mode the MSSPx is
being operated in.

Table 25-4 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPxADD.

EQUATION 25-1:

Fosc
(SSPxADD + 1)(4)

FcrLock =

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM<3:0> j|>{ SSPXADD<7:0>

SSPM<3:0> _ﬁ\/ Reload
SCLx—P» Control

R

SSPxCLK«—‘ BRG Down Counter [«—— Fosc/2

Reload

Note: Values of 0x00, 0x01 and 0x02 are not valid
for SSPXADD when used as a Baud Rate
Generator for I°C. This is an implementation

limitation.
TABLE 25-4: MSSPX CLOCK RATE W/BRG
FcLock
Fosc Fcy BRG Value (2 Rollovers of BRG)
32 MHz 8 MHz 13h 400 kHz("
32 MHz 8 MHz 19h 308 kHz
32 MHz 8 MHz 4Fh 100 kHz
16 MHz 4 MHz 09h 400 kHz("
16 MHz 4 MHz 0Ch 308 kHz
16 MHz 4 MHz 27h 100 kHz
4 MHz 1 MHz 09h 100 kHz

Note 1: The I2C interface does not conform to the 400 kHz 1°C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.
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26.3 EUSART Baud Rate Generator
(BRG)

The Baud Rate Generator (BRG) is an 8-bit or 16-bit
timer that is dedicated to the support of both the
asynchronous and synchronous EUSART operation.
By default, the BRG operates in 8-bit mode. Setting the
BRG16 bit of the BAUDCON register selects 16-bit
mode.

The SPBRGH, SPBRGL register pair determines the
period of the free running baud rate timer. In
Asynchronous mode the multiplier of the baud rate
period is determined by both the BRGH bit of the TXSTA
register and the BRG16 bit of the BAUDCON register. In
Synchronous mode, the BRGH bit is ignored.

Table 26-3 contains the formulas for determining the
baud rate. Example 26-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical baud rates and error values for various
asynchronous modes have been computed for your
convenience and are shown in Table 26-3. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG (BRG16 = 1) to reduce the baud rate
error. The 16-bit BRG mode is used to achieve slow
baud rates for fast oscillator frequencies.

Writing a new value to the SPBRGH, SPBRGL register
pair causes the BRG timer to be reset (or cleared). This
ensures that the BRG does not wait for a timer overflow
before outputting the new baud rate.

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit to
make sure that the receive operation is Idle before
changing the system clock.

EXAMPLE 26-1: CALCULATING BAUD
RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate
of 9600, Asynchronous mode, 8-bit BRG:

_ Fosc
64([SPBRGH-SPBRGL] + 1)

Solving for SPBRGH:SPBRGL:

Desired Baud Rate

Fosc
_ Desired Baud Rate
64

16000000
9600
64

X 1

-1

[25.042] = 25

16000000

. Baud R =
Calculated Baud Rate G125+ 1)

9615

Calc. Baud Rate — Desired Baud Rate

E -
rror Desired Baud Rate

_ (9615 -9600)

= 0
9600 0.16%
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FIGURE 30-12: ADC CONVERSION TIMING (ADC CLOCK Fosc-BASED)

BSF ADCONO, GO><
AD133—», ~——

o IL AD131 i

—~/AD130!~—

ADC._clk L ' !

seom DD

— I<— 1 Tey

: (( .
ADRES L OLD_DATA 77 X NEW_DATA
L )) o
ADIF L ( —] 1 Toy
T ) J '
P (¢ \
GO : )) DONE
Sample AD132 Samr()li(ng Stopped li
))
FIGURE 30-13: ADC CONVERSION TIMING (ADC CLOCK FROM FRC)
BSF ADCONO, GOX
AD133 —»' '=— o131 — = 1Ty
Q4 l . ' ;
! — = AD130'~—— !

ADC Data ><9>(s><7>@z?<3><2><1><p><

' (( -
ADRES 5 OLD_DATA 7/ X_NEW_DATA
T )) DT
ADIF gg —»[ E<—1ch
1 ( C
GO ; )) DONE

I Sampling Stopped ’—
Sample M» gg

Note 1: If the ADC clock source is selected as FRC, a time of Tcy is added before the ADC clock starts. This allows the
SLEEP instruction to be executed.
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FIGURE 31-15: IDD TYPICAL, HFINTOSC MODE, PIC16LF1847 ONLY
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FIGURE 31-16: Ibb MAXIMUM, HFINTOSC MODE, PIC16LF1847 ONLY
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FIGURE 31-23: IpD, WATCHDOG TIMER (WDT), PIC16LF1847 ONLY
25 ‘
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FIGURE 31-24: IpD, WATCHDOG TIMER (WDT), PIC16F1847 ONLY
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32.2 MPLAB C Compilers for Various
Device Families

The MPLAB C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC18,
P1C24 and PIC32 families of microcontrollers and the
dsPIC30 and dsPIC33 families of digital signal control-
lers. These compilers provide powerful integration
capabilities, superior code optimization and ease of
use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

32.3 HI-TECH C for Various Device
Families

The HI-TECH C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC
family of microcontrollers and the dsPIC family of digital
signal controllers. These compilers provide powerful
integration capabilities, omniscient code generation
and ease of use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

The compilers include a macro assembler, linker, pre-
processor, and one-step driver, and can run on multiple
platforms.

324 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

+ Conditional assembly for multi-purpose
source files

+ Directives that allow complete control over the
assembly process

32.5 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

32.6 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC devices. MPLAB C Compiler uses
the assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

+ Support for the entire device instruction set

+ Support for fixed-point and floating-point data
+ Command line interface

* Rich directive set

* Flexible macro language

* MPLAB IDE compatibility
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

(blank otherwise)

PART NO. xi . X Q(ll XXX
Device Tape and Reel Temperature Package Pattern

Option Range

Device: PIC16F 1847
PIC16LF1847

Tape and Reel Blank = Standard packa?ing (tube or tray)

Option: T = Tape and Reel(

Temperature | = -40°Cto +85°C (Industrial)

Range: E = -40°Cto +125°C (Extended)

Package:(? ML = Micro Lead Frame (QFN) 6x6
MV = Micro Lead Frame (UQFN) 4x4
P = Plastic DIP
SO = SOIC
SS = SSOP

Pattern: QTP, SQTP, Code or Special Requirements

Examples:

a)

b)

d)

Note 1:

PIC16F1847 - I/ML 301
Industrial temp.,

QFN package,

QTP pattern #301

PIC16F1847 - I/P

Industrial temp.,
PDIP package

PIC16F1847 - E/SS
Extended temp.,
SSOP package
PIC16LF1847T - E/SO
Tape and Reel,
Extended Temp.,
SOIC package

Tape and Reel identifier only appears in the
catalog part number description. This
identifier is used for ordering purposes and is
not printed on the device package. Check
with your Microchip Sales Office for package
availability with the Tape and Reel option.

2:  For other small form-factor package

availability and marking information, please
visit www.microchip.com/packaging or
contact your local sales office.
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