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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

32MHz

I2C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
36

14KB (8K x 14)

FLASH

1K x 8

2.3V ~ 5.5V

A/D 35x10b; D/A 1x5b
Internal

-40°C ~ 125°C (TA)

Surface Mount

44-TQFP

44-TQFP (10x10)
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PIC16(L)F15356/75/76/85/86

Digital Peripherals (Cont.)

* 1/0O Pins:
- Individually programmable pull-ups
- Slew rate control
- Interrupt-on-change with edge-select
- Input level selection control (ST or TTL)
- Digital open-drain enable
* Peripheral Pin Select (PPS):
- Enables pin mapping of digital I/O

Analog Peripherals

* Analog-to-Digital Converter (ADC):
- 10-bit with up to 43 external channels
- Operates in Sleep
* Two Comparators:
- FVR, DAC and external input pin available on
inverting and noninverting input
- Software selectable hysteresis
- Outputs available internally to other modules,
or externally through PPS
» 5-Bit Digital-to-Analog Converter (DAC):
- 5-bit resolution, rail-to-rail
- Positive Reference Selection
- Unbuffered 1/O pin output
- Internal connections to ADCs and
comparators
» Voltage Reference:
- Fixed Voltage Reference with 1.024V, 2.048V
and 4.096V output levels
» Zero-Cross Detect module:
- AC high voltage zero-crossing detection for
simplifying TRIAC control
- Synchronized switching control and timing

Flexible Oscillator Structure

 High-Precision Internal Oscillator:
- Software selectable frequency range up to 32
MHz, +1% typical
* Xx2/x4 PLL with Internal and External Sources
* Low-Power Internal 32 kHz Oscillator
(LFINTOSC)
+ External 32 kHz Crystal Oscillator (SOSC)
+ External Oscillator Block with:
- Three crystal/resonator modes up to 20 MHz
- Three external clock modes up to 32 MHz
+ Fail-Safe Clock Monitor:
- Allows for safe shutdown if primary clock
stops
 Oscillator Start-up Timer (OST):
- Ensures stability of crystal oscillator
resources
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PIC16(L)F15356/75/76/85/86

FIGURE 4-1: PROGRAM MEMORY MAP FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR AND STACK FOR
PIC16(L)F15375/85 PIC16(L)F15356/76/86

PC<14:0> \ PC<14:0> ‘
CALL, CALLW A CALL, CALLW A
RETURN, RETLW 15 RETURN, RETLW 15
Interrupt, RETFIE Interrupt, RETFIE v
Stack Level 0 Stack Level 0
Stack Level 1 Stack Level 1

Stack Level 15 Stack Level 15

Reset Vector 0000h Reset Vector 0000h
: — : -~
Interrupt Vector 0004h Interrupt Vector 0004h
0005h 0005h
On-chip On-chip

Program Program 07FFh
Memory Memory 0800h
< OFFFh OFFFh
1000h 1000h
Page 0 17FFh
1800h
1FFFh 1FFFh
2000h 2000h
3FFFh 3FFFh
Unimplemented 4000h 4000h

Unimplemented
7FFFh 7FFFh
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TABLE 4-11:  SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-63
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ronaoR | Vahean:
Bank 0
CPU CORE REGISTERS; see Table 4-10 for specifics
00Ch PORTA RA7 RAG6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX uuuu uuuu
00Dh PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX uuuu uuuu
00Eh PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX uuuu uuuu
00Fh PORTDW RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX uuuu uuuu
010h PORTE = = = = RE3 RE2() RE1W REOW <--- XXXX | ---- uuuu
011h PORTF® RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO XXXX XXXX | uuuu uuuu
012h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 1111 1111 1111 1111
013h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 1111 1111
014h TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 1111 1111
015h TRISD® TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 1111 1111 1111 1111
016h TRISE = = = = — TRISE2W TRISE1® TRISEOW ---- 1111 | ---- 1111
017h TRISF@ TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISFO 1111 1111 1111 1111
018h LATA LATA7 LATAG LATAS LATA4 LATA3 LATA2 LATA1 LATAO XXXX  XXXX uuuu uuuu
019h LATB LATB7 LATB6 LATBS LATB4 LATB3 LATB2 LATB1 LATBO XXXX  XXXX uuuu uuuu
01Ah LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO XXXX XXXX uuuu uuuu
01Bh LATD®D LATD7 LATD6 LATDS LATD4 LATD3 LATD2 LATD1 LATDO XXXX XXXX uuuu uuuu
01Ch LATE = = = = = LATE2W LATE1® LATEO™ Se-e XXX | ---- -uuu
01Dh LATF® LATF7 LATF6 LATF5 LATF4 LATF3 LATF2 LATF1 LATFO XXXX  XXXX uuuu uuuu
01Eh — Unimplemented — —
01Fh — Unimplemented — —
Legend: X =unknown, u =unchanged, g =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.
Note 1: Present only in PIC16(L)F15375/76/85/86.
2:  Presentonly in PIC16(L)F15385/86.
3: Unimplemented, read as ‘1’.
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TABLE 4-11: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-63 (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 MCLR
Bank 21-59
CPU CORE REGISTERS; see Table 4-3 for specifics
x0Ch/
x8Ch
— — Unimplemented — —
x1Fh/
x9Fh
Legend: X =unknown, u =unchanged, g =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.
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FIGURE 9-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM

CLKIN/ OSC1

K’i External

Oscillator

@7 (EXTOSC)

CLKOUT/ 0OSC2

9-bit Postscaler Divider

Rev. 10-000208G
8/15/2016

4x PLL Mode
COSC<2:0>
SOSCIN/SOSCI
% bi Secondary PLL Block
Oscillator
<} (sosc) 111
SOSCO 2x PLL Mode 001
el 010
| LFINTOSC !
| | 100
|
31kHz !
| I
} Oscillator | 101
| ! 110
.- - -
000
011
B HFINTOSC |
| |
} HFFRQ<2:0> }
| | |
| |
[ 1-32MHz !
| Oscillator | FSCM
|
| |

CDIV<4:0>

912 1001
256 1000

128 0111 Sleep 403—» System Clock
64 0110

32 0101

18 | 5100 SYSCMD %j—» Peripheral Clock
8 0011

4 0010 | Sleep —

2 10001 | Idie—q

1 0000

- To Peripherals

- To Peripherals

- To Peripherals
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TABLE 12-3: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esgpizt;
OSCCON1 — NOSC<2:0> NDIV<3:0> 135
OSCCON2 — COSC<2:0> CDIV<3:0> 135
OSCCON3 CSWHOLD | SOSCPWR — ORDY NOSCR — — — 136
PCONO STKOVF | STKUNF | WDTWV | RWDT | RMCLR RI POR BOR 124
STATUS — — — TO PD z DC © 54
WDTCONO — — WDTPS<4:0> SWDTEN 175
WDTCONT — WDTCS<2:0> ‘ — | WINDOW<2:0> 176
WDTPSL PSCNT<7:0> 177
WDTPSH PSCNT<15:8> 177
WDTTMR — WDTTMR<4:0> | STATE PSCNT<17:16> 177
Legend: - =unimplemented locations read as ‘0’. Shaded cells are not used by Watchdog Timer.
TABLE 12-4: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER
Name |Bits |Bit-/7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit 10/2 Bit 9/1 Bit 8/0 Eﬁgpizt;
138 — — FCMEN — CSWEN — — CLKOUTEN
CONFIG1 70 | — RSTOSC<2:0> — FEXTOSC<2:0> 102
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by Watchdog Timer.

© 2016 Microchip Technology Inc. Preliminary DS40001866A-page 178
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FIGURE 13-5: PROGRAM FLASH MEMORY WRITE FLOWCHART

Rev. 10-000049C
812412015

Start
Write Operation

A4
Determine number of .
words to be written into Load the value to write
PFM. The number of TABLAT
words cannot exceed the
number of words per row
d_cnt;
(word_cnt) \J v
Update the word counter .
\_/'K_\ (word_cnt-) Write Latches to PFM
Select access to PFM
locations using
NVMREG<1:0> bits .
Disable Interrupts
(GIE =0)
v Last word to
write ?
Select Row Address
TBLPTR Y
Unlock Sequence
(See note 1)
A ]
Disable Interrupts
Select Write Operation (GIE =0)
(FREE = 0) Y
CPU stalls while Write
\J operation completes
A4 (2 ms typical)
Unlock Sequence
Load Write Latches Only (See note 1)
A Y
Enable Write/Erase » R ble |
Operation (WREN = 1) No delay when writing to e-enable Interrupts
PFM Latches (GIE=1)
'
Disable Write/Erase
Operation (WREN = 0)
Re-enable Interrupts
(GIE=1)
\ 4
End
A Write Operation
Increment Address
TBLPTR++

Note 1: See Figure 13-2.
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13.3.8 WRERR BIT

The WRERR bit can be used to determine if a write
error occurred.

WRERR will be set if one of the following conditions
occurs:

* If WR is set while the NVMADRH:NMVADRL
points to a write-protected address

* A Reset occurs while a self-write operation was in
progress

* An unlock sequence was interrupted

The WRERR bit is normally set by hardware, but can
be set by the user for test purposes. Once set, WRERR
must be cleared in software.

TABLE 13-4: ACTIONS FOR PFM WHEN WR =1

Free LWLO Actions for PFM when WR =1 Comments
1 X Erase the 32-word row of NVMADRH:NVMADRL If WP is enabled, WR is cleared and
location. See Section 13.3.3 “NVMREG Erase WRERR is set
of PEM” All 32 words are erased
NVMDATH:NVMDATL is ignored
0 1 Copy NVMDATH:NVMDATL to the write latch Write protection is ignored
corresponding to NVMADR LSBs. See Section No memory access occurs
13.3.3 “NVMREG Erase of PFM”
0 0 Write the write-latch data to PFM row. See Sec- If WP is enabled, WR is cleared and
tion 13.3.3 “NVMREG Erase of PFM” WRERR is set
Write latches are reset to 3FFh
NVMDATH:NVMDATL is ignored

© 2016 Microchip Technology Inc. Prelimin ary
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14.7 Register Definitions: PORTC

REGISTER 14-17: PORTC: PORTC 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
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
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 RC<7:0>: PORTC General Purpose I/O Pin bits(?)

1 = Port pin is > VIH
0 = Port pinis < VIL

Note 1: Writes to PORTC are actually written to corresponding LATC register. The actual I/O pin values are read from
the PORTC register.

REGISTER 14-18: TRISC: PORTC TRI-STATE 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
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
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 TRISC<7:0>: PORTC Tri-State Control bits

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

REGISTER 14-19: 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 LATC6 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: Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register returns
actual I/O pin values.

© 2016 Microchip Technology Inc. Preliminary DS40001866A-page 211
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TABLE 14-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on Page
PORTE — — — — RE3 RE2(D RE1(D REO™M 202
TRISE = = = = —@ TRISE2(® | TRISE2®) | TRISE2W 222
LATE® = = = = = LATE2 LATE2 LATE2 223
ANSELEW = = = = = ANSE2 ANSE1 ANSEO 217
WPUE = = = = WPUE3 | WPUE2®W | wrUE1® | wruEO® 224
ODCONE® = = = = = ODCE2 ODCE1 ODCEO 224
SLRCONE = = = = SLRE3 | SLRE2W | SLRE1® | SLRE0W 225
INLVLE = = = = INLVLE3 | INLVLE2W | INLVLE1® | INLVLEO® 225
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTE.
Note 1: Presentonlyin PIC16(L)F15375/76/85/86.
2:  Unimplemented, read as ‘1’
TABLE 14-7: SUMMARY OF CONFIGURATION WORD WITH PORTE
Name | Bits | Bit-/7 Bit -/6 Bit13/5 | Bit12/4 | Bit1U3 | Bit10/2 | Bito | Bitso | Register
on Page
13:8 = = DEBUG | STVREN | PPS1WAY | ZCDDIS | BORV —
CONFIG2 ——— —— 103
7:0 BOREN <1:0> LPBOREN = = = PWRTE | MCLRE
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by PORTE.

© 2016 Microchip Technology Inc.
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REGISTER 20-2: ADCON1: ADC CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 U-0 R/W-0/0 R/W-0/0
ADFM ADCS<2:0> — — 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’ = Bit is 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

111 = ADCRC (dedicated RC oscillator)
110 = Fosc/64

101 = Fosc/16

100 = Fosc/4

011 = ADCRC (dedicated RC oscillator)
010 = Fosc/32

001 = Fosc/8
000 = Fosc/2
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 ADPREF<1:0>: ADC Positive Voltage Reference Configuration bits

11 = VREF+ is connected to internal Fixed Voltage Reference (FVR) module(®
10 = VREF+ is connected to external VREF+ pin(l)

01 = Reserved

00 = VREF+ is connected to VDD

Note 1: When selecting the VREF+ pin as the source of the positive reference, be aware that a minimum voltage
specification exists. See Table 37-14 for details.

© 2016 Microchip Technology Inc. Preliminary DS40001866A-page 279
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FIGURE 24-2: SIMPLIFIED ZCD BLOCK DIAGRAM

| VPULLUP | e g
| |
. |
| optional |
‘ |
|
|
VoD | RPULLUP |
|
L |
) Z%"'N RSERIES
o o External
* } RPULLDOWN } voltage
! : source
‘ | _
— } optional }
! I
! I
‘ —
! I
! I

ZCD Output for other modules

ZCDxPOL

@ ZCDxOUT pin

Interrupt
det
ZCDXINTP— | Set
ZCDxIF
ZCDxINTN 1] flag
Interrupt
det
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24.7 Operation During Sleep

The ZCD current sources and interrupts are unaffected
by Sleep.

24.8 Effects of a Reset

The ZCD circuit can be configured to default to the active
or inactive state on Power-on-Reset (POR). When the
ZCDDIS Configuration bit is cleared, the ZCD circuit will
be active at POR. When the ZCD Configuration bit is set,
the EN bit of the ZCDxCON register must be set to
enable the ZCD module.

© 2016 Microchip Technology Inc. Prelimin ary DS40001866A-page 313
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TABLE 29-3: SUMMARY OF REGISTERS ASSOCIATED WITH PWMx

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
T2CON ON CKPS<2:0> OUTPS<3:0> 355
T2TMR Holding Register for the 8-bit TMR2 Register 335*
T2PR TMR2 Period Register 335*
RxyPPS = = = RxyPPS<4:0> 242
CWG1ISM = = = = 1S<3:0> 401
CLCxSELy — — LCxDyS<5:0> 412
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 | TRISAO 200
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 | TRISCO 211
Legend: - = Unimplemented locations, read as ‘0’. Shaded cells are not used by the PWMx module.

*

Page with Register information.
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30.8 Dead-Band Uncertainty EQUATION 30-1: DEAD-BAND
UNCERTAINTY

When the rising and falling edges of the input source
are asynchronous to the CWG clock, it creates uncer-
tainty in the dead-band time delay. The maximum TDEADBAND UNCERTAINTY = 1
uncertainty is equal to one CWG clock period. Refer to - Fowg_clock
Equation 30-1 for more details.
Example:

FCWG_CLOCK = 16 MHz

Therefore:
TDEADBAND_UNCERTAINTY = m
_ 1
16MHz
= 62.5ns
FIGURE 30-8: EXAMPLE OF PWM DIRECTION CHANGE
MODEO | |
CWG1A | |
CWG1B ]
CWG1C \ \
cweip | ] L
-»<+No delay +— CWG1DBR -++No delay «— CWG1DBF
cweidata [ | [ | 1 1

Note 1: WGPOL{ABCD} =0
2:  The direction bit MODE<0> (Register 30-1) can be written any time during the PWM cycle, and takes effect at the
next rising CWG1_data.
3:  When changing directions, CWG1A and CWG1C switch at rising CWG1_data; modulated CWG1B and CWG1D
are held inactive for the dead band duration shown; dead band affects only the first pulse after the direction change.

© 2016 Microchip Technology Inc. Prelimin ary DS40001866A-page 388
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TABLE 31-4: SUMMARY OF REGISTERS ASSOCIATED WITH CLCx

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ﬁﬁggztgeg
INTCON GIE PEIE — — — — — INTEDG 146
PIR5 CLC4IF CLC3IF CLC2IF CLC1IF — — — TMR1GIF 160
PIES CLC4IE CLC4IE CLC2IE CLC1IE — — — TMR1GIE 152
CLC1CON LC1EN — LC10UT LC1INTP LC1INTN LC1MODE<2:0> 410
CLC1POL LC1POL — — — LC1G4POL | LC1G3POL | LC1G2POL | LC1G1POL 411
CLC1SELO — — LC1D1S<5:0> 412
CLC1SEL1 — — LC1D2S<5:0> 412
CLC1SEL2 — — LC1D3S<5:0> 412
CLC1SEL3 — — LC1D4S<5:0> 412
CLC1GLSO — — LC1G1D3T | LC1G1D3N | LC1G1D2T | LC1G1D2N | LC1G1D1T | LC1G1DIN 413
CLC1GLS1 — — LC1G2D3T | LC1G2D3N | LC1G2D2T | LC1G2D2N | LC1G2D1T | LC1G2D1N 414
CLC1GLS2 — — LC1G3D3T | LC1G3D3N | LC1G3D2T | LC1G3D2N | LC1G3D1T | LC1G3D1N 415
CLC1GLS3 — — LC1G4D3T | LC1G4D3N | LC1G4D2T | LC1G4D2N | LC1G4D1T | LC1G4D1N 416
CLC2CON LC2EN — LC20UT LC2INTP LC2INTN LC2MODE<2:0> 410
CLC2POL LC2POL — — — LC2G4POL | LC2G3POL | LC2G2POL | LC2G1POL 411
CLC2SELO — — LC2D1S<5:0> 412
CLC2SEL1 — — LC2D2S<5:0> 412
CLC2SEL2 — — LC2D3S<5:0> 412
CLC2SEL3 — — LC2D4S<5:0> 412
CLC2GLSO0 — — LC2G1D3T | LC2G1D3N | LC2G1D2T | LC2G1D2N | LC2G1D1T | LC2G1D1N 413
CLC2GLS1 — — LC2G2D3T | LC2G2D3N | LC2G2D2T | LC2G2D2N | LC2G2D1T | LC2G2D1N 414
CLC2GLS2 — — LC2G3D3T | LC2G3D3N | LC2G3D2T | LC2G3D2N | LC2G3D1T | LC2G3D1N 415
CLC2GLS3 — — LC2G4D3T | LC2G4D3N | LC2G4D2T | LC2G4D2N | LC2G4D1T | LC2G4D1N 416
CLC3CON LC3EN — LC30UT LC3INTP LC3INTN LC3MODE<2:0> 410
CLC3POL LC3POL — — — LC3G4POL | LC3G3POL | LC3G2POL | LC3G1POL 411
CLC3SELO — — LC3D1S<5:0> 412
CLC3SEL1 — — LC3D2S<5:0> 412
CLC3SEL2 — — LC3D3S<5:0> 412
CLC3SEL3 — — LC3D4S<5:0> 412
CLC3GLSO0 — — LC3G1D3T | LC3G1D3N | LC3G1D2T | LC3G1D2N | LC3G1D1T | LC3G1D1N 413
CLC3GLS1 — — LC3G2D3T | LC3G2D3N | LC3G2D2T | LC3G2D2N | LC3G2D1T | LC3G2D1N 414
CLC3GLS2 — — LC3G3D3T | LC3G3D3N | LC3G3D2T | LC3G3D2N | LC3G3D1T | LC3G3D1N 415
CLC3GLS3 — — LC3G4D3T | LC3G4D3N | LC3G4D2T | LC3G4D2N | LC3G4D1T | LC3G4D1N 416
CLC4CON LC4EN — LC40UT LC4INTP LC4INTN LC4AMODE<2:0> 410
CLC4POL LC4POL — — — LC4G4POL | LC4G3POL | LC4G2POL | LC4G1POL 411
CLC4SELO — — LC4D1S<5:0> 412
CLC4SEL1 — — LC4D2S<5:0> 412
CLC4SEL2 — — LC4D3S<5:0> 412
CLC4SEL3 — — LC4D4S<5:0> 412
CLC4GLSO0 — — LC4G1D3T ‘ LC4G1D3N | LC4G1D2T | LC4G1D2N | LC4G1D1T | LC4G1D1IN 413
Legend: — = unimplemented, read as ‘0’. Shaded cells are unused by the CLCx modules.
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32.5 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.

32.5.1 SLAVE MODE ADDRESSES

The SSPxADD register (Register 32-6) 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 32-5) affects the
address matching process. See Section 32.5.9 “SSP
Mask Register” for more information.

32.5.1.1  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.

32.5.1.2  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; SSPxIF 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.

32.5.2 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 SSPxCONS3 register
modifies this operation. For more information see
Register 32-4.

An MSSP 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,
SCL will be held low (clock stretch) following each
received byte. The clock must be released by setting
the CKP bit of the SSPxCON1 register.

32.5.2.1 7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSP module configured as an I2C slave in
7-bit Addressing mode. Figure 32-14 and Figure 32-15
is used as a visual reference for this description.

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

2. S bit of 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 SDA 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 SCL line.

8. The master clocks out a data byte.

9. Slave drives SDA 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.
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32.5.8 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 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
the R/W bit clear, an interrupt is generated and slave
software can read SSPxBUF and respond.
Figure 32-24 shows a general call reception
sequence.

FIGURE 32-24:

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 \u

R/W =

Address is compared to General Call Address
l after ACK, set interrupt
0

Receiving Data ACK

SCL

.S

SSPxIF

ACK/ b7 X D6 X D5X D4 X D3X D2 D1 X D0)

_

BF (SSPxSTAT<0>)

—

GCEN (SSPXCON2<7>)

=

I Cleared by software
SPxBUF is read

32.5.9 SSP MASK REGISTER

An SSP Mask (SSPxMSK) register (Register 32-5) 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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32.8 Register Definitions: MSSPx Control
REGISTER 32-1: SSPxSTAT: SSPx STATUS REGISTER

R/W-0/0 R/W-0/0 R/HS/HC-0 R/HS/HC-0 R/HS/HC-0 R/HS/HC-0 R/HS/HC-0 R/HS/HC-0
SMP CKE®M D/A p@ s@ RW UA BF
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 HS/HC = Hardware set/clear
bit 7 SMP: SPI Data Input Sample bit
SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode
In 12C Master or Slave mode:
1 = Slew rate control disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for High-Speed mode (400 kHz)
bit 6 CKE: SPI Clock Edge Select bit (SPI mode only)®
In SPI Master or Slave mode:
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
In I2C mode only:
1 = Enable input logic so that thresholds are compliant with SMBus specification
0 = Disable SMBus specific inputs
bit 5 D/A: Data/Address bit (IZC mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: Stop bit@
(I2C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a Stop bit has been detected last (this bit is ‘0’ on Reset)
0 = Stop bit was not detected last
bit 3 S: Start bit @
(I2C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)
0 = Start bit was not detected last
bit 2 R/W: Read/Write bit information (12C mode only)
This bit holds the R/W bit information following the last address match. This bit is only valid from the address match to the
next Start bit, Stop bit, or not ACK bit.
In 12C Slave mode:
1= Read
0= Write
In 12C Master mode:
1= Transmitis in progress
0 = Transmitis not in progress
OR-ing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in IDLE mode.
bit 1 UA: Update Address bit (10-bit I2C mode only)
1 = Indicates that the user needs to update the address in the SSPxADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit

Receive (SPI and 12c modes):
1 = Receive complete, SSPxBUF is full

0 = Receive not complete, SSPxBUF is empty

Transmit (I2C mode only): N
1 = Data transmit in progress (does not include the ACK and Stop bits), SSPxBUF is full

0 = Data transmit complete (does not include the ACK and Stop bits), SSPxBUF is empty

Note 1: Polarity of clock state is set by the CKP bit of the SSPxCON register.
2:  This bitis cleared on Reset and when SSPEN is cleared.
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33.4.2.3 EUSART Synchronous Slave
Reception

The operation of the Synchronous Master and Slave
modes is identical (Section 33.4.1.5 “Synchronous
Master Reception”), with the following exceptions:

» Sleep

» CREN bit is always set, therefore the receiver is
never idle

» SREN bit, which is a “don’t care” in Slave mode

A character may be received while in Sleep mode by
setting the CREN bit prior to entering Sleep. Once the
word is received, the RSR register will transfer the data
to the RCxREG register. If the RXXIE enable bit is set,
the interrupt generated will wake the device from Sleep
and execute the next instruction. If the GIE bit is also
set, the program will branch to the interrupt vector.

33.4.2.4  Synchronous Slave Reception
Set-up:

1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the ANSEL bit for both the CK and DT pins
(if applicable).

3. Ifinterrupts are desired, set the RXXxIE bit of the
PIE3 register and the GIE and PEIE bits of the
INTCON register.

4. If 9-bit reception is desired, set the RX9 bit.

5. Set the CREN bit to enable reception.

6. The RXxIF bit will be set when reception is
complete. An interrupt will be generated if the
RXXIE bit was set.

7. If 9-bit mode is enabled, retrieve the Most
Significant bit from the RX9D bit of the RCxSTA
register.

8. Retrieve the eight Least Significant bits from the
receive FIFO by reading the RCxREG register.

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