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PIC16LF1554/1559

TABLE 3-9: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
. . . . . . . . Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
Bank 4
200h INDFO® Addressing this location uses contents of FSROH/FSROL to address data memory (not a physical register) | xxxx XXxx | uuuu uuuu
201h INDF1(® Addressing this location uses contents of FSR1H/FSR1L to address data memory (not a physical register) | xxxx XXxx | uuuu uuuu
202h pPCL® Program Counter (PC) Least Significant Byte 0000 0000 | 0000 0000
203h STATUS® —_ —_ — | T | z | oc c ~--1 1000 |---q quuu
204h FSRoOL(® Indirect Data Memory Address 0 Low Pointer 0000 0000 | uuuu uuuu
205h FSROH®) Indirect Data Memory Address 0 High Pointer 0000 0000 | 0000 0000
206h FSR1L® Indirect Data Memory Address 1 Low Pointer 0000 0000 | uuuu uuuu
207h FSR1H® Indirect Data Memory Address 1 High Pointer 0000 0000 | 0000 0000
208h BSR® — — — BSR<4:0> ---0 0000 |---0 0000
209h WREGW Working Register 0000 0000 |uuuu uuuu
20Ah PCLATH® — Write Buffer for the upper 7 bits of the Program Counter -000 0000 |-000 0000
20Bh INTCON® GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 0000 0000 | 0000 0000
20Ch WPUA — — WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO |--11 1111 |--11 1111
20Dh WPUB® Unimplemented = =
wPUB® WPUB7 WPUB6 WPUB5 WPUB4 — — — — 1111 ---- 1111 ----
20Eh — Unimplemented — —
20Fh — Unimplemented — —
210h — Unimplemented — —
211h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
212h SSPADD Synchronous Serial Port (I2C mode) Address Register 0000 0000 | 0000 0000
213h SSPMSK Synchronous Serial Port (I2C mode) Address Mask Register 1111 1111|1111 1111
214h SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000 | 0000 0000
215h SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO | 0000 0000 | 0000 0000
216h SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 | 0000 0000
217h SSPCON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN | 0000 0000 | 0000 0000
218h — Unimplemented — —
219h — Unimplemented — —
21Ah — Unimplemented — —
21Bh — Unimplemented — —
21Ch — Unimplemented — —
21Dh — Unimplemented — —
21Eh — Unimplemented — —
21Fh — Unimplemented — —
Legend: x =unknown, u = unchanged, q = depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

2: PIC16LF1554.
3: PIC16LF1559.
4:

These registers can be accessed from any bank.

These registers/bits are available at two address locations, in Bank 1 and Bank 14.
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5223 Internal Oscillator Frequency
Selection
The system clock speed can be selected via software

using the Internal Oscillator Frequency Select bits
IRCF<3:0> of the OSCCON register.

The outputs of the 16 MHz HFINTOSC postscaler and
the LFINTOSC connect to a multiplexer (see
Figure 5-1). The Internal Oscillator Frequency Select
bits IRCF<3:0> of the OSCCON register select the
frequency. One of the following frequencies can be
selected via software:

- 32 MHz (requires 4x PLL)

- 16 MHz

- 8 MHz

- 4 MHz

- 2MHz

- 1 MHz

- 500 kHz (default after Reset)

- 250 kHz

- 125 kHz

- 62.5kHz

- 31.25kHz

- 31 kHz (LFINTOSC)

Note: Following any Reset, the IRCF<3:0> bits
of the OSCCON register are set to ‘0111’
and the frequency selection is set to
500 kHz. The user can modify the IRCF

bits to select a different frequency.

The IRCF<3:0> bits of the OSCCON register allow
duplicate selections for some frequencies. These
duplicate choices can offer system design trade-offs.
Lower power consumption can be obtained when
changing oscillator sources for a given frequency.
Faster transition times can be obtained between
frequency changes that use the same oscillator source.

5224 Internal Oscillator Clock Switch
Timing

When switching between the HFINTOSC and the
LFINTOSC, the new oscillator may already be shut
down to save power (see Figure 5-3). If this is the case,
there is a delay after the IRCF<3:0> bits of the
OSCCON register are modified before the frequency
selection takes place. The OSCSTAT register will
reflect the current active status of the HFINTOSC and
LFINTOSC oscillators. The sequence of a frequency
selection is as follows:

1. IRCF<3:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. Clock switch is complete.
See Figure 5-3 for more details.

If the internal oscillator speed is switched between two
clocks of the same source, there is no start-up delay
before the new frequency is selected.

Start-up delay specifications are located in the
oscillator tables of Section 25.0 “Electrical
Specifications”.

5225 32 MHz Internal Oscillator
Frequency Selection

The Internal Oscillator Block can be used with the
4x PLL to produce a 32 MHz internal system clock
source. The following settings are required to use the
32 MHz internal clock source:

» The FOSC bits in Configuration Word 1 must be
set to use the INTOSC source as the device
system clock (FOSC<1:0> = 00).

* The SCS bits in the OSCCON register must be
cleared to use the clock determined by
FOSC<1:0> in Configuration Word 1
(SCS<1:0> = 00).

* The IRCF bits in the OSCCON register must be
set to the 8 MHz HFINTOSC set to use
(IRCF<3:0> =1110).

* The SPLLEN bitin the OSCCON register must be
set to enable the 4x PLL.

The 4x PLL is not available for use with the internal
oscillator when the SCS bits of the OSCCON register
are set to ‘1x’. The SCS bits must be set to ‘00’ to use
the 4x PLL with the internal oscillator.

© 2014-2016 Microchip Technology Inc.
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FIGURE 6-2: BROWN-OUT SITUATIONS
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Note 1: TPWRT delay only if PWRTE bit is programmed to ‘0’

6.3 Register Definitions: BOR Control
REGISTER 6-1: BORCON: BROWN-OUT RESET CONTROL REGISTER

R/W-1/u R/W-0/u u-0 U-0 u-0 u-0 U-0 R-q/u
SBOREN BORFs | — | — | — — — BORRDY
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7 SBOREN: Software Brown-Out Reset Enable bit

If BOREN <1:0> in Configuration Words = 01:

1 = BOR Enabled

0 = BOR Disabled

If BOREN <1:0> in Configuration Words # 01:
SBOREN is read/write, but has no effect on the BOR

bit 6 BORFS: Brown-Out Reset Fast Start bit!)

If BOREN <1:0> =10 (Disabled in Sleep) or BOREN<1:0> = 01 (Under software control):

1 = Band gap is forced on always (covers sleep/wake-up/operating cases)
0 = Band gap operates normally, and may turn off

If BOREN<1:0> = 11 (Always on) or BOREN<1:0> = 00 (Always off)
BORFS is Read/Write, but has no effect.

bit 5-1 Unimplemented: Read as ‘0’
bit 0 BORRDY: Brown-Out Reset Circuit Ready Status bit

1 = The Brown-out Reset circuit is active
0 = The Brown-out Reset circuit is inactive

Note 1: BOREN<1:0> bits are located in Configuration Words.
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9.1 Independent Clock Source

The WDT derives its time base from the 31 kHz
LFINTOSC internal oscillator. Time intervals in this
chapter are based on a nominal interval of 1 ms. See
Section 25.0 “Electrical Specifications” for the
LFINTOSC tolerances.

9.2 WDT Operating Modes

The Watchdog Timer module has four operating modes
controlled by the WDTE<1:0> bits in Configuration
Words. See Table 9-1.

9.21 WDT IS ALWAYS ON

When the WDTE bits of Configuration Words are set to
‘11’, the WDT is always on.

WDT protection is active during Sleep.

9.2.2 WDT IS OFF IN SLEEP

When the WDTE bits of Configuration Words are set to
‘10, the WDT is on, except in Sleep.

WDT protection is not active during Sleep.

9.2.3 WDT CONTROLLED BY SOFTWARE

When the WDTE bits of Configuration Words are set to
‘01’, the WDT is controlled by the SWDTEN bit of the
WDTCON register.

WDT protection is unchanged by Sleep. See Table 9-1
for more details.

TABLE 9-1: WDT OPERATING MODES

WDTE<1:0> |SWDTEN|Device Model WDT Mode

9.3 Time-out Period

The WDTPS bits of the WDTCON register set the
time-out period from 1 ms to 256 seconds (nominal).
After a Reset, the default time-out period is two
seconds.

9.4 Clearing the WDT

The WDT is cleared when any of the following
conditions occur:

* Any Reset

* CLRWDT instruction is executed

» Device enters Sleep

» Device wakes up from Sleep

» Oscillator fail

« WDT is disabled

» Oscillator Start-up Timer (OST) is running

See Table 9-2 for more information.

9.5 Operation During Sleep

When the device enters Sleep, the WDT is cleared. If
the WDT is enabled during Sleep, the WDT resumes
counting. When the device exits Sleep, the WDT is
cleared again.

The WDT remains clear until the OST, if enabled,
completes. See Section 5.0 “Oscillator Module” for
more information on the OST.

When a WDT time-out occurs while the device is in
Sleep, no Reset is generated. Instead, the device
wakes up and resumes operation. The TO and PD bits
in the STATUS register are changed to indicate the
event. The RWDT bit in the PCON register can also be

11 X X Active used. See Section 3.0 “Memory Organization” for
Awake Active more information.
10 X
Sleep Disabled
1 X Active
01
0 X Disabled
00 X X Disabled
TABLE 9-2: WDT CLEARING CONDITIONS
Conditions WDT
WDTE<1:0> =00
WDTE<1:0>=01 and SWDTEN =0
WDTE<1:0> =10 and enter Sleep ol q
eare

CLRWDT Command

Oscillator Fail Detected

Exit Sleep + System Clock = T10SC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST

Change INTOSC divider (IRCF bits)

Unaffected

© 2014-2016 Microchip Technology Inc.
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10.5 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 page then the
stored program memory contents are compared with the
intended data stored in RAM after the last write is
complete.

FIGURE 10-8: FLASH PROGRAM
MEMORY VERIFY
FLOWCHART

Rev. 10-000051A
713012013

Start
Verify Operation

\ 4
This routine assumes that the last
row of data written was from an
image saved on RAM. This image
will be used to verify the data
currently stored in Flash Program
Memory

v

Read Operation
(See Note 1)

PMDAT =
RAM image ?

v

Fail
Verify Operation

End
Verify Operation

Note 1: See Figure 10-2.
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11.2 Register Definitions: Alternate Pin Function Control

REGISTER 11-1:

APFCON: ALTERNATE PIN FUNCTION CONTROL REGISTER

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
RXDTSEL SDOSEL SSSEL SDSEL — TXCKSEL GRDBSEL GRDASEL
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

Note 1: Bit only implemented on PIC16LF1554.

RXDTSEL: Pin Selection bit®

0 =RX/DT function is on RC5
1 =RX/DT function is on RA4

SDOSEL: Pin Selection bit®

0 = SDO function is on RC2
1 = SDO function is on RA4

SSSEL: Pin Selection bit

For 14 Pin Device (PIC16LF1554):

0 =SS function is on RA3
1 =SS function is on RC3

For 20 Pin Device (PIC16LF1559):

0 =SS function is on RA3
1 =SS function is on RC6

SDSEL: Pin Selection bit

For 14 Pin Device (PIC16LF1554):

0 = SDA / SDI function is on RC1
1 =SDA/ SDI function is on RA3

For 20 Pin Device (PIC16LF1559):

0 = SDA / SDI function is on RB4
1 = SDA / SDI function is on RA3

Unimplemented: Read as ‘0’
TXCKSEL: Pin Selection bit(®)

0 = TX/CK function is on RC4
1 = TX/CK function is on RC3

GRDBSEL: Pin Selection bit

0 = AD1GRDB function is on RC2, AD2GRDB function is on RC3
1 = AD1GRDB function is on RC3, AD2GRDB function is on RC2

GRDASEL: Pin Selection bit

0 = AD1GRDA function is on RC4, AD2GRDA function is on RC5
1 = AD1GRDA function is on RC5, AD2GRDA function is on RC4

DS40001761E-page 106
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REGISTER 11-14: LATC: PORTC DATA LATCH REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATC7®D LATC6(D LATC5 LATC4 LATC3 LATC2 LATC1 LATCO
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 7-0 LATC<7:0>: PORTC Output Latch Value bits®

Note 1: Functions not available on PIC16LF1554.

2:  Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is
return of actual I/O pin values.

REGISTER 11-15: ANSELC: PORTC ANALOG SELECT REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
ANSC7® | ANsceW ANSC5 ANSC4 ANSC3 ANSC2 ANSC1 ANSCO
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 7-0 ANSC<7:0>: Analog Select between Analog or Digital Function on pins RC<7:0>, respectively

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

Note 1. Functions not available on PIC16LF1554.

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

TABLE 11-9: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esg;z;eé
ANSELC | ANSC7® | ANSC6(M) | ANSC5 | ANSC4 | ANSC3 | ANSC2 | ANSC1 | ANSCO 117
LATC LATC7® | LaTCe® | LATC5 LATC4 | LATC3 | LATC2 | LATC1 | LATCO 117
PORTC Rc7®M Rced RC5 RC4 RC3 RC2 RC1 RCO 116
TRISC | TRISC7® | TRISC6W | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 116

Legend:  x=unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by
PORTC.
Note 1: Functions not available on PIC16LF1554.
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TABLE 15-3: SUMMARY OF REGISTERS ASSOCIATED WITH ADC

Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 ff,fgéigeé
RPN — | cHs4 | cHs3 | cHs2 | cHst CHSO | GO/DONE1|AD1ON| 133
AD2CONO — CHS4 CHS3 | CHS2 | CHS1 CHSO GO/DONE2 | AD20ON 134
ﬁgggpﬂgON ADFM ADCS<2:0> — | GO/DONE_ALL ADPREF<1:0> 135
ADXxCON2 — TRIGSEL<2:0> — — — — 136
ADxRESxH | ADC Result Register High 136, 137
ADXRESxL | ADC Result Register Low 137,137
ANSELA — — ANSAS5 | ANSA4 — ANSA2 ANSA1 ANSAQ 109
ANSELB ANSB7 | ANSB6 | ANSB5 | ANSB4 — — — — 113
ANSELC ANSC7 | ANSC6 | ANSC5 | ANSC4 | ANSC3 ANSC2 ANSC1 | ANSCO 117
INTCON GIE PEIE |TMROIE| INTE | IOCIE TMROIF INTF IOCIF 77
PIE1 TMR1GIE | AD1IE RCIE TXIE |SSP1IE — TMR2IE | TMRI1IE 78
PIR1 TMR1GIF | AD1IF RCIF TXIF | SSP1IF — TMR2IF | TMR1IF 80
TRISA — — TRISA5 | TRISA4| —O) TRISA2 TRISA1 | TRISAQ 108
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4| — — — — 112
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 TRISC2 TRISC1 | TRISCO 116
FVRCON FVREN |FVRRDY | TSEN |TSRNG — — ADFVR<1:0> 124
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’, g = value depends on condition. Shaded cells

are not used for ADC module.
Note 1: Unimplemented, read as ‘1'.
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FIGURE 16-7:

DOUBLE SAMPLE CONVERSION SEQUENCE (ADDSEN =1 AND ADIPEN =1)

Pre-charge |Acquisition Pre-charge |Acquisition
AADXPRE<6:0> | AADXACQ<6:0> AADXPRE<6:0> | AADXACQ<6:0>
\ \ \
Conversion Clock‘
< S T IR
1-127 TINST| 1-127 TINST] ETADE ! i i i i | i RINST1-127 TINST| 1-127 TINST| | i i | i | i | |
) S e @) @ IR
@ T T T O S ® RN T O S O O
AADxRESxL/H<9:O>‘ 10'h000 "10th sin | 7tn | tn | 5tn | 4tn I 2nd !< st 10000 [10th| stn [ 8th | 7th | eth | 5th '.l 1st
< > > ¢ <€ < ¢
TPRE Taca Tconv First result written TPRE Taca Tcony Second result written
to AADXRESOL/H to AADXRES1L/H
ADXxGRDA
(GRDxPOL = 0)
ADxGRDB
Internal CHOLD [ ‘
Charging
(ADXIPPOL = 1)
External Channel ‘
Charging
(ADXEPPOL = 0)
External Channel
Connected |
To Internal CHOLD
GO/DONE:
< -
ADxIF
ADXSTAT<2:0> ] 3'b001 3'b010 3'b011 3'b101 3'b110 3'b111 3'b000
Note 1: When the conversion clock is ADCRC, the pre-charge and acquisition timers are clocked by ADCRC.
2: The AADXRESOL/H registers are set to zero during this period.
3: The AADXRES1L/H registers are set to zero during this period.
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18.0 TIMER1 MODULE WITH GATE + Interrupt on overflow
CONTROL » Wake-up on overflow (external clock,
Asynchronous mode only)
The Timer1 module is a 16-bit timer/counter with the « ADC Auto-Conversion Trigger(s)

following features: + Selectable Gate Source Polarity

» 16-bit timer/counter register pair (TMR1H:TMR1L) « Gate Toggle mode

* Programmable internal or external clock source - Gate Single-Pulse mode
* 2-bit prescaler + Gate Value Status

» Optionally synchronized comparator out « Gate Event Interrupt

* Multiple Timer1 gate (count enable) sources Figure 18-1 is a block diagram of the Timer1 module.

FIGURE 18-1: TIMER1 BLOCK DIAGRAM

T1GSS<1:0> — Fou toaconsn

T1G 00 T1GSPM

TO_overflow —— 01
C10UT_sync 10 D Single Pulse D Q—— T1GVAL
C20UT_sync 11 Acq. Control
— Q1
D Q
T1GPOL A T1GGO/DONE
CK Q
TMR1ON — _ Interrupt set bit
R L
T1IGT™M Met TMR1GIF

——TMR1GE
set flag bit
TMR1IF L TMR1ON
EN

T1_overfl TMR1®
overtiow
= TMR1H \ TMRIL 4—

Synchronized Clock Input

)
w]

0

1

_ TICLK S
TISYNC

TMR1CS<1:0> —

OUT
SOSCITICKI E
Secondary LFINTOSC — 11
Oscillator 1
SOSCO N 10
@—’ 0 || Prescaler Synchronize®
Fosc 01 1,2,4,8 —
EN Internal Clock f S det
00
2
Fosc/4 f /F Fosc/2 ‘
T10SCEN —— 1 Internal Clock T1CKPS<1:0> Internal Sleep
Clock Input
™
—{> Secondary Clock o To Clock Switching
o Module

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.
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20.0 MASTER SYNCHRONOUS

SERIAL PORT (MSSP) Note:  Register names, I/O pins, and bit names
MODULE may use the generic designator ‘X’ to
indicate the use of a numeral to distinguish

20.1 MSSP Module Overview a particular module, when required.

The Master Synchronous Serial Port (MSSP) module is
a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be Serial EEPROMSs, shift registers,
display drivers, ADC converters, etc. The MSSP
module can operate in one of two modes:

» Serial Peripheral Interface (SPI)

« Inter-Integrated Circuit (1°C)

The SPI interface supports the following modes and
features:

* Master mode

» Slave mode

» Clock Parity

» Slave Select Synchronization (Slave mode only)

» Daisy-chain connection of slave devices

Figure 20-1 is a block diagram of the SPI interface

module.
FIGURE 20-1: MSSP BLOCK DIAGRAM (SPI MODE)
< :>Data Bus
Read *ﬁ% Write
| SSPBUFReg |

w B

\ SSPSR Reg }ﬂ_O_O_Ut,

SDO bit 0 Shift
@ /| Clock
SS Control 2 (CKP, CKE)
Enable Clock Select
Edge
Select SCK_out
SSPM<3:0>
4
Prescaler | TOSC
SCK 4,16,64 [
X
Select Baud Rate
Generator
(SSPADD)
TRISX bit
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20.2 SPI Mode Overview

The Serial Peripheral Interface (SPI) bus is a
synchronous serial data communication bus that
operates in Full-Duplex mode. Devices communicate
in a master/slave environment where the master device
initiates the communication. A slave device is
controlled through a Chip Select known as Slave
Select.

The SPI bus specifies four signal connections:

* Serial Clock (SCK)

» Serial Data Out (SDO)
» Serial Data In (SDI)

+ Slave Select (SS)

Figure 20-1 shows the block diagram of the MSSP
module when operating in SPI mode.

The SPI bus operates with a single master device and
one or more slave devices. When multiple slave
devices are used, an independent Slave Select
connection is required from the master device to each
slave device.

Figure 20-4 shows a typical connection between a
master device and multiple slave devices.

The master selects only one slave at a time. Most slave
devices have ftri-state outputs so their output signal
appears disconnected from the bus when they are not
selected.

Transmissions involve two shift registers, eight bits in
size, one in the master and one in the slave. With either
the master or the slave device, data is always shifted
out one bit at a time, with the Most Significant bit (MSb)
shifted out first. At the same time, a new Least
Significant bit (LSb) is shifted into the same register.

Figure 20-5 shows a typical connection between two
processors configured as master and slave devices.

Data is shifted out of both shift registers on the
programmed clock edge and latched on the opposite
edge of the clock.

The master device transmits information out on its SDO
output pin which is connected to, and received by, the
slave’s SDI input pin. The slave device transmits
information out on its SDO output pin, which is
connected to, and received by, the master’s SDI input
pin.

To begin communication, the master device first sends
out the clock signal. Both the master and the slave
devices should be configured for the same clock
polarity.

The master device starts a transmission by sending out
the MSb from its shift register. The slave device reads
this bit from that same line and saves it into the LSb
position of its shift register.

During each SPI clock cycle, a full-duplex data
transmission occurs. This means that while the master
device is sending out the MSb from its shift register (on

its SDO pin) and the slave device is reading this bit and
saving it as the LSb of its shift register, that the slave
device is also sending out the MSb from its shift register
(on its SDO pin) and the master device is reading this
bit and saving it as the LSb of its shift register.

After eight bits have been shifted out, the master and
slave have exchanged register values.

If there is more data to exchange, the shift registers are
loaded with new data and the process repeats itself.

Whether the data is meaningful or not (dummy data),
depends on the application software. This leads to
three scenarios for data transmission:

» Master sends useful data and slave sends dummy
data.

* Master sends useful data and slave sends useful
data.

» Master sends dummy data and slave sends useful
data.

Transmissions may involve any number of clock
cycles. When there is no more data to be transmitted,
the master stops sending the clock signal and it
deselects the slave.

Every slave device connected to the bus that has not
been selected through its slave select line must
disregard the clock and transmission signals and must
not transmit out any data of its own.
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2049  ACKNOWLEDGE SEQUENCE

The 9th SCL pulse for any transferred byte in 12C 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 indicated 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 SSPCONB2 register.

Slave software, when the AHEN and DHEN bits are
set, allow the user to set the ACK value sent back to
the transmitter. The ACKDT bit of the SSPCON2
register is set/cleared to determine the response.

Slave hardware will generate an ACK response if the
AHEN and DHEN bits of the SSPCONS3 register are
clear.

There are certain conditions where an ACK will not be
sent by the slave. If the BF bit of the SSPSTAT register
or the SSPOV bit of the SSPCON1 register are set
when a byte is received.

When the module is addressed, after the 8th falling
edge of SCL on the bus, the ACKTIM bit of the
SSPCONS 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.

20.5 1°C SLAVE MODE OPERATION

The MSSP Slave mode operates in one of four modes
selected in the SSPM bits of the SSPCON1 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 SSP1IF additionally
getting set upon detection of a Start, Restart, or Stop
condition.

20.5.1 SLAVE MODE ADDRESSES

The SSPADD register (Register 20-6) 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 SSPBUF 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 20-5) affects the
address matching process. See Section 20.5.9 “SSP
Mask Register” for more information.

20.5.1.1  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.

20.5.1.2 12C Slave 10-Bit Addressing Mode

In 10-bit Addressing mode, the first received byte is
compared to the binary value of ‘1 1110 A9 A8 0. A9
and A8 are the two MSb of the 10-bit address and
stored in bits 2 and 1 of the SSPADD register.

After the acknowledge of the high byte the UA bit is set
and SCL is held low until the user updates SSPADD
with the low address. The low address byte is clocked
in and all eight bits are compared to the low address
value in SSPADD. Even if there is not an address
match; SSP1IF and UA are set, and SCL is held low
until SSPADD is updated to receive a high byte again.
When SSPADD 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
communication. 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.
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FIGURE 20-25: BAUD RATE GENERATOR

TIMING WITH CLOCK ARBITRATION

SDA

ij<

DX, -1

SCL \

SCL deasserted but slave holds
SCL low (clock arbitration)

r SCL allowed to transition high

A —

BRG decrements on
Q2 and Q4 cycles

i | ! ] .
BRG | 03h >< 02h K 01h >< 00h (hold off) I>< 03h >< 02h
Value i
| SCL is sampled high, reload takes
l place and BRG starts its count
BRG l
Reload

20.6.3 WCOL STATUS FLAG

If the user writes the SSPBUF when a Start, Restart,
Stop, Receive or Transmit sequence is in progress, the
WCOL bit 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 SSPBUF
was attempted while the module was not Idle.

Start condition and causes the S bit of the SSPSTAT1
register to be set. Following this, the Baud Rate
Generator is reloaded with the contents of
SSPADD<7:0> and resumes its count. When the Baud
Rate Generator times out (TBRG), the SEN bit of the
SSPCONZ2 register will be automatically cleared by
hardware; the Baud Rate Generator is suspended,
leaving the SDA line held low and the Start condition is

complete.

Note 1: If at the beginning of the Start condition,
the SDA and SCL pins are already
sampled low, or if during the Start

Note: Because queuing of events is not allowed,
writing to the lower five bits of SSPCON2
is disabled until the Start condition is
complete.

20.6.4 I2C MASTER MODE START

CONDITION TIMING

To initiate a Start condition (Figure 20-26), the user
sets the Start Enable bit, SEN bit of the SSPCON2
register. If the SDA and SCL pins are sampled high,
the Baud Rate Generator is reloaded with the contents
of SSPADD<7:0> and starts its count. If SCL and SDA
are both sampled high when the Baud Rate Generator
times out (TBRG), the SDA pin is driven low. The action
of the SDA being driven low while SCL is high is the

FIGURE 20-26: FIRST START BIT TIMING

condition, the SCL line is sampled low
before the SDA line is driven low, a bus
collision occurs, the Bus Collision
Interrupt Flag, BCLIF, is set, the Start
condition is aborted and the 12C module is
reset into its Idle state.

: The Philips 1’c Specification states that a
bus collision cannot occur on a Start.

Write to SEN bit occurs here

Set S bit (SSPSTAT<3>)

At completion of Start bit,

ggf‘zzll hardware clears SEN bit
l and sets SSP1IF bit
k= TBRG —f—TBRG™ rite to SSPBUF occurs here
SDA Co 1t bit X 2nd bit
| Lo [« TBRG |
scL . AN
s P
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20.6.13.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out (Case 1).

b) After the SCL pin is deasserted, SCL is sampled
low before SDA goes high (Case 2).

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD and
counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0O’ (Figure 20-38). If the SCL pin is
sampled low before SDA is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 20-39).

FIGURE 20-38: BUS COLLISION DURING A STOP CONDITION (CASE 1)

| TBRG TBRG TBRG ‘ SDA sampled
low after TBRG,
"""""""" set BCLIF
SDA
SDA asserted low

SCL

PEN L

BCLIF

P ‘0’

SSP1IF o’

FIGURE 20-39: BUS COLLISION DURING A STOP CONDITION (CASE 2)

| TBRG TBRG ‘ TBRG |
SDA
TAsseﬁ SDA SCL goes low before SDA goes high,
/ set BCLIF
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21.5.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the EUSART
for synchronous slave operation:

« SYNC=1

« CSRC=0

* SREN = 0 (for transmit); SREN = 1 (for receive)

* CREN =0 (for transmit); CREN = 1 (for receive)

« SPEN=1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits of the RCSTA register
ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting

the SPEN bit of the RCSTA register enables the
EUSART.

21.5.21 EUSART Synchronous Slave

Transmit

The operation of the Synchronous Master and Slave
modes are identical (see  Section 21.5.1.3
“Synchronous Master Transmission”), except in the
case of the Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in the TXREG
register.

3. The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

21.5.2.2  Synchronous Slave Transmission
Set-up:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.
2. Clear the ANSELx bit for the CK pin (if
applicable).

3. Clear the CREN and SREN bits.

4. If interrupts are desired, set the TXIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

5. If 9-bit transmission is desired, set the TX9 bit.

6. Enable transmission by setting the TXEN bit.

7. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

8. Start transmission by writing the Least
Significant eight bits to the TXREG register.

TABLE 21-9: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE
TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁggzgeé
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 245
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF IOCIF 77
PIE1 TMR1GIE | AD1IE RCIE TXIE SSP1IE — TMR2IE | TMR1IE 78
PIR1 TMR1GIF | AD1IF RCIF TXIF SSP1IF — TMR2IF | TMR1IF 80
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 244
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 = = = 112
TXREG EUSART Transmit Data Register 236*
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 243
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for synchronous slave transmission.

* Page provides register information.
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25.0 ELECTRICAL SPECIFICATIONS

25.1 Absolute Maximum Ratings(T)

Ambient temperature UNAEr DI@s............cooccuiiiiiiiiiiee et e et e e e et -40°C to +125°C
StOrage tEMPEIrATUIE .......eii ittt e et e e e st -65°C to +150°C
Voltage on pins with respect to Vss

Lol TV To N o] [ o F PSP P PP P PP PP PP -0.3V to +4.0V

ON IMCLR PN ettt ettt et et e e et et s e e et et e e eee et etes e e e et eneeaeene e -0.3V to +9.0V

ON All OtNET PINS ..ot -0.3V to (VDD + 0.3V)
B Lo] = 1 I oToX 1 T=Y o £ = 4[] o OSSP 800 mW
Maximum current®

out of VsS pin, -40°C < TA < +85°C for industrial ............ccceviiiiiiiiiiie e 250 mA

out of VSs pin, +85°C < TA < +125°C for extended ...........ooiiiiiiiiiiie e 85 mA

into VDD pin, -40°C < TA < +85°C for industrial ............coeeieiiiiiiiiie e 250 mA

into VDD pin, +85°C < TA < +125°C for extended ........ccuuviiiiiiii e 85 mA
Clamp current, 1K (VPIN < 0 OF VPIN 3 VDD).....ccocuiueiiiieieiiiisieeit sttt ss et e s s sess st esesessssesesassesesasensnns +20 mA
Maximum output current

SUNK DY @NY 1/O PN <.t et e ettt e e e e s e e e et e s et e e et e e e e e ente e e aneee s 50 mA

SOUNCEA DY @NY 17O PN ..ttt et e s 50 mA
Total power dissipation(z) ............................................................................................................................... 800 mW

Note 1: Maximum rating requires even load distribution across 1/O pins. Maximum current rating may be limited
by the device package power dissipation characterizations, see Table 25-6 to calculate device
specifications.

2: Power dissipation is calculated as follows: PDIS = VDD x {IDD — > IoH} + X {(VDD — VOH) x IoH} + > (VoI x loL)

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above
those indicated in the operation listings of this specification is not implied. Exposure above maximum rating
conditions for extended periods may affect device reliability.

25.2 Standard Operating Conditions

The standard operating conditions for any device are defined as:

Operating Voltage: VDDMIN < VDD < VDDMAX
Operating Temperature: ~ TA_MIN < TA < TA_MAX

VDD — Operating Supply Voltage®

VDDMIN (FOSC < 16 MHZ) ..ottt +1.8V
VDDMIN (16 MHZ < FOSC <32 MHZ) ..ottt e +2.5V
WDDIMAX ..ottt ettt ettt ettt h et h ettt h Rt bt h e et eh et en et a e an et e e nn e b e +3.6V

TA — Operating Ambient Temperature Range
Industrial Temperature

TA IMIN © ettt e et e e et e e e e e et —e e e e e et a——eee e e e atbeeeeeeeabaeaeeeeaataaaeeeeaanreeeeeeaarrereaeaaraaeaan -40°C
TA IMAX 1.ttt et e e e et e e e e et e e e e e e e a——eee e e e atbaeaeeeaatbaateeeaaan—eeaeeaantaeeaeeaaaraeeaeeaaanees +85°C
Extended Temperature
TA IMIN © ettt oot e e e et e e e et e e e e e e e e ta——ee e e e e atbaee e e aabaeaeeeeaataaaeeeeaanrreaeeeaarrereaeaaraaeaan -40°C
TA IMAX .ttt e e e e e et e e e e ettt e e e e e et b——eeeeaeat——eeeeaaa—aeeeeeeaaat—eeeeeaaabeeeaesaatrreeaeeannes +125°C
Note 1: See Parameter D001 in DC Characteristics: Supply Voltage. I
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25.4  AC Characteristics

Timing Parameter Symbology has been created with one of the following formats:

1. TppS2ppS
2. TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 0sc CLKIN
ck CLKOUT rd RD
cs [ rw RD or WR
di SDIx sC SCKx
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 PORT t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (High-impedance) \Y Valid
L Low Z High-impedance
FIGURE 25-3: LOAD CONDITIONS
Load Condition
Pin ]T CL
Vss
Legend: CL =50 pF for all pins
FIGURE 25-4: CLOCK TIMING

Q4 . Ql Q@2 . Q3 Q4 Q!

CLKOUT : o .
(CLKOUT mode) : /‘ \!

Note: See Table 25-9.
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Package Marking Information (Continued)

14-Lead TSSOP (4.4 mm) Example
LN L]
XXXXXXXX L1554ST

R Yyww R\ 1405
(O NNN O 017

NN IR

16-Lead QFN (4x4x0.9 mm) Example

PIN 1-7] :E;XXXXX PIN 1-7] :E; PIC16
XXXXXX LF1554
XXXXXX IMLe:

YWWNNN 140517

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
es3 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: Inthe 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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