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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

12C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PSMC, PWM, WDT
35

7KB (4K x 14)

FLASH

256 x 8

512 x 8

1.8V ~ 3.6V

A/D 14x12b; D/A 1x8b
Internal

-40°C ~ 125°C (TA)

Surface Mount

44-TQFP

44-TQFP (10x10)
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TABLE 3-5: PIC16(L)F1787 MEMORY MAP (BANKS 0-7)
BANK 0 BANK 1 BANK 2 BANK 3 BANK 4 BANK 5 BANK 6 BANK 7
000h 080h 100h 180h 200h 280h 300h 380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
00Bh 08Bh 10Bh 18Bh 20Bh 28Bh 30Bh 38Bh
00Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch WPUA 28Ch ODCONA 30Ch SLRCONA 38Ch INLVLA
00Dh PORTB 08Dh TRISB 10Dh LATB 18Dh ANSELB 20Dh WPUB 28Dh ODCONB 30Dh SLRCONB 38Dh INLVLB
00Eh PORTC 08Eh TRISC 10Eh LATC 18Eh — 20Eh WPUC 28Eh ODCONC 30Eh SLRCONC 38Eh INLVLC
00Fh PORTD 08Fh TRISD 10Fh LATD 18Fh ANSELD 20Fh WPUD 28Fh ODCOND 30Fh SLRCOND 38Fh INLVLD
010h PORTE 090h TRISE 110h LATE 190h ANSELE 210h WPUE 290h ODCONE 310h SLRCONE 390h INLVLE
011h PIR1 091h PIE1 111h CM1CONO 191h EEADRL 211h SSP1BUF 291h CCPR1L 311h — 391h I0CAP
012h PIR2 092h PIE2 112h CM1CON1 192h EEADRH 212h SSP1ADD 292h CCPR1H 312h — 392h I0CAN
013h — 093h — 113h CM2CONO 193h EEDATL 213h SSP1MSK 293h CCP1CON 313h — 393h IOCAF
014h PIR4 094h PIE4 114h CM2CON1 194h EEDATH 214h SSP1STAT 294h — 314h — 394h I0CBP
015h TMRO 095h | OPTION_REG | 115h CMOUT 195h EECON1 215h SSP1CON1 295h — 315h — 395h I0CBN
016h TMR1L 096h PCON 116h BORCON 196h EECON2 216h SSP1CON2 296h — 316h — 396h I0OCBF
017h TMR1H 097h WDTCON 117h FVRCON 197h| VREGCON® | 217h SSP1CON3 297h — 317h — 397h I0CCP
018h T1CON 098h OSCTUNE 118h DAC1CONO 198h — 218h — 298h CCPR2L 318h — 398h IOCCN
019h T1GCON 099h OSCCON 119h DAC1CON1 199h RCREG 21%h — 29%h CCPR2H 319h — 399h I0CCF
01Ah TMR2 09Ah OSCSTAT 11Ah CM4CONO 19Ah TXREG 21Ah — 29Ah CCP2CON 31Ah — 39Ah —
01Bh PR2 09Bh ADRESL 11Bh CM4CON1 19Bh SPBRGL 21Bh — 29Bh — 31Bh — 39Bh —
01Ch T2CON 09Ch ADRESH 11Ch APFCON2 19Ch SPBRGH 21Ch — 29Ch — 31Ch — 39Ch —
01Dh — 09Dh ADCONO 11Dh APFCON1 19Dh RCSTA 21Dh — 29Dh — 31Dh — 39Dh I0CEP
01Eh — 09Eh ADCON1 11Eh CM3CONO 19Eh TXSTA 21Eh — 29Eh — 31Eh — 39Eh I0CEN
01Fh — 09Fh ADCON2 11Fh CM3CON1 19Fh BAUDCON 21Fh — 29Fh — 31Fh — 39Fh IOCEF
020h 0AOh 120h 1A0h 220h 2A0h 320h 3A0h
General General General General General General General General
Purpose Purpose 13Fh Purpose Purpose Purpose Purpose Purpose Purpose
Register Register 140h Register Register Register Register Register Register
80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes
06Fh OEFh 16Fh 1EFh 26Fh 2EFh 36Fh 3EFh
070h OFOh 170h 1FOh 270h 2FOh 370h 3F0h
Common RAM Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh
07Fh OFFh 17Fh 1FFh 27Fh 2FFh 37Fh 3FFh
Legend: = Unimplemented data memory locations, read as ‘0.
Note 1: PIC16F1787 only.
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5.1 Power-On Reset (POR)

The POR circuit holds the device in Reset until VDD has
reached an acceptable level for minimum operation.
Slow rising VDD, fast operating speeds or analog
performance may require greater than minimum VDD.
The PWRT, BOR or MCLR features can be used to
extend the start-up period until all device operation
conditions have been met.

5.1.1 POWER-UP TIMER (PWRT)

The Power-up Timer provides a nominal 64 ms
time-out on POR or Brown-out Reset.

The device is held in Reset as long as PWRT is active.
The PWRT delay allows additional time for the VDD to
rise to an acceptable level. The Power-up Timer is
enabled by clearing the PWRTE bit in Configuration
Words.

The Power-up Timer starts after the release of the POR
and BOR.

For additional information, refer to Application Note
ANB07, “Power-up Trouble Shooting” (DS00607).

5.2 Brown-Out Reset (BOR)

The BOR circuit holds the device in Reset when VDD
reaches a selectable minimum level. Between the
POR and BOR, complete voltage range coverage for
execution protection can be implemented.

The Brown-out Reset module has four operating
modes controlled by the BOREN<1:0> bits in Configu-
ration Words. The four operating modes are:

* BORis always on

* BOR is off when in Sleep

* BORis controlled by software

* BOR is always off

Refer to Table 5-1 for more information.

The Brown-out Reset voltage level is selectable by
configuring the BORV bit in Configuration Words.

A VDD noise rejection filter prevents the BOR from
triggering on small events. If VDD falls below VBOR for
a duration greater than parameter TBORDC, the device
will reset. See Figure 5-2 for more information.

TABLE 5-1: BOR OPERATING MODES
. . Instruction Execution upon:
BOREN<1:0> SBOREN Device Mode BOR Mode Release of POR or Wake-up from Sleep
11 X X Active Waits for BOR ready!) (BORRDY = 1)
Awake Active
10 X Waits for BOR ready (BORRDY = 1)
Sleep Disabled
1 X Active Waits for BOR ready® (BORRDY = 1)
01
0 X Disabled
Begins immediately (BORRDY = x)
00 X X Disabled

Note 1: Inthese specific cases, “Release of POR” and “Wake-up from Sleep”, there is no delay in start-up. The BOR
ready flag, (BORRDY = 1), will be set before the CPU is ready to execute instructions because the BOR
circuit is forced on by the BOREN<1:0> bits.

5.2.1 BOR IS ALWAYS ON 5.2.3 BOR CONTROLLED BY SOFTWARE

When the BOREN bits of Configuration Words are When the BOREN bits of Configuration Words are
programmed to ‘11’, the BOR is always on. The device programmed to ‘01’, the BOR is controlled by the
start-up will be delayed until the BOR is ready and VDD SBOREN bit of the BORCON register. The device
is higher than the BOR threshold. start-up is not delayed by the BOR ready condition or

BOR protection is active during Sleep. The BOR does the VoD level.
not delay wake-up from Sleep. BOR protection begins as soon as the BOR circuit is
ready. The status of the BOR circuit is reflected in the

BORRDY bit of the BORCON register.
BOR protection is unchanged by Sleep.

5.2.2 BOR IS OFF IN SLEEP

When the BOREN bits of Configuration Words are
programmed to ‘10’, the BOR is on, except in Sleep.
The device start-up will be delayed until the BOR is
ready and VDD is higher than the BOR threshold.

BOR protection is not active during Sleep. The device
wake-up will be delayed until the BOR is ready.

DS40001637C-page 60 © 2012-2014 Microchip Technology Inc.
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6.6 Register Definitions: Oscillator Control

REGISTER 6-1: OSCCON: OSCILLATOR CONTROL REGISTER
R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1 R/W-1/1 uU-0 R/W-0/0 R/W-0/0
SPLLEN IRCF<3:0> — SCS<1:0>
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 6-3 IRCF<3:0>: Internal Oscillator Frequency Select bits
1111 = 16 MHz HF or 32 MHz HF®
1110 = 8 MHz or 32 MHz HF®
1101 = 4 MHz HF
1100 = 2 MHz HF
1011 = 1 MHz HF
1010 = 500 kHz HF®Y)
1001 = 250 kHz HFY)
1000 = 125 kHz HF®D)
0111 = 500 kHz MF (default upon Reset)
0110 = 250 kHz MF
0101 = 125 kHz MF
0100 = 62.5 kHz MF
0011 = 31.25 kHz HF®)
0010 = 31.25 kHz MF
000x = 31 kHz LF
bit 2 Unimplemented: Read as ‘0’
bit 1-0 SCS<1:0>: System Clock Select bits
1x = Internal oscillator block
01 = Timer1 oscillator
00 = Clock determined by FOSC<2:0> in Configuration Words.
Note 1: Duplicate frequency derived from HFINTOSC.
2:

SPLLEN: Software PLL Enable bit
If PLLEN in Configuration Words = 1:

SPLLEN bit is ignored. 4x PLL is always enabled (subject to oscillator requirements)

If PLLEN in Configuration Words = 0:
1= 4x PLL Is enabled
0 = 4x PLL is disabled

32 MHz when SPLLEN bit is set. Refer to Section 6.2.2.6 “32 MHz Internal Oscillator Frequency

Selection”.

DS40001637C-page 82
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REGISTER 8-9: PIR4: PERIPHERAL INTERRUPT REQUEST REGISTER 4
uU-0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— PSMC3TIF | PSMC2TIF | PSMCATIF | — ‘ PSMC3SIF | PSMC2SIF | PSMC1SIF
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 Unimplemented: Read as ‘0’
bit 6 PSMC3TIF: PSMC3 Time Base Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 5 PSMC2TIF: PSMC2 Time Base Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 PSMC1TIF: PSMC1 Time Base Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 Unimplemented: Read as ‘0’
bit 2 PSMC3SIF: PSMC3 Auto-shutdown Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 1 PSMC2SIF: PSMC2 Auto-shutdown Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 PSMC1SIF: PSMC1 Auto-shutdown Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
Note: Interrupt flag bits are set when an interrupt

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.

© 2012-2014 Microchip Technology Inc.
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20.7 Comparator Negative Input
Selection

The CxNCH<2:0> bits of the CMxCONQO register direct
an analog input pin or analog ground to the inverting
input of the comparator:

* CxIN- pin

* Analog Ground

Some inverting input selections share a pin with the
operational amplifier output function. Enabling both

functions at the same time will direct the operational
amplifier output to the comparator inverting input.

Note:  To use CxINy+ and CxINy- pins as analog
input, the appropriate bits must be set in
the ANSEL register and the correspond-
ing TRIS bits must also be set to disable
the output drivers.

20.8 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the comparator
differs from the settling time of the voltage reference.

FIGURE 20-3:

Therefore, both of these times must be considered when
determining the total response time to a comparator
input change. See the Comparator and Voltage
Reference Specifications in Section 30.0 “Electrical
Specifications” for more details.

20.9 Zero Latency Filter

In high-speed operation, and under proper circuit
conditions, it is possible for the comparator output to
oscillate. This oscillation can have adverse effects on
the hardware and software relying on this signal.
Therefore, a digital filter has been added to the
comparator output to suppress the comparator output
oscillation. Once the comparator output changes, the
output is prevented from reversing the change for a
nominal time of 20 ns. This allows the comparator
output to stabilize without affecting other dependent
devices. Refer to Figure 20-3.

COMPARATOR ZERO LATENCY FILTER OPERATION

CxOUT From Comparator : '

CxOUT From ZLF —]

ld

|

)l
'

comparator output change

Output waiting for TzLF to expire before an output change is allowed J

TzLF has expired so output change of ZLF is immediate based on

© 2012-2014 Microchip Technology Inc.
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21.2 Register Definitions: Option Register

REGISTER 21-1: OPTION_REG: OPTION 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
WPUEN INTEDG TMROCS TMROSE PSA PS<2:0>
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’ = Bit is set ‘0’ = Bit is cleared
bit 7 WPUEN: Weak Pull-Up Enable bit
1 = All weak pull-ups are disabled (except MCLR, if it is enabled)
0 = Weak pull-ups are enabled by individual WPUXx latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
bit 5 TMROCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TMROSE: Timer0O Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is not assigned to the Timer0 module
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO Rate
000 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 1:64
110 1:128
111 1:256
TABLE 21-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO
Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bitl1 | Bito | Rodister
on Page
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 93
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA PS<2:0> 198
TMRO Timer0 Module Register 196*
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 131
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the Timer0 module.

*

Page provides register information.

DS40001637C-page 198 © 2012-2014 Microchip Technology Inc.
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22.0 TIMER1 MODULE WITH GATE
CONTROL

The Timer1 module is a 16-bit timer/counter with the
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
» Auto-conversion Trigger (with CCP)
» Selectable Gate Source Polarity

Gate Toggle mode

* Gate Single-pulse mode
» Gate Value Status
» Gate Event Interrupt

Figure 22-1 is a block diagram of the Timer1 module.

FIGURE 22-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0>
TG w ? 00 T1GSPM
From Timer0 01 )
Overflow — tg_in TIGVAL 5o Data Bus
sync_C10UT — 10 a Single-Pulse RD
Acg. Control Q1— EN T1GCON
Syne-C200T » T1GGO/DONE J Interrupt Set
TMRTON " \_det TMRIGIF |

T1GPOL T1GTM
TMR1GE
Set flag bit
Overions » To Comparator Module
Overflow TMR1@
I EN 0 Synchronized
To ADC Auto-Conversion - -
< & TMR1H TMRIL g T1CLK clock input
1|
TMR1CS<1:0> N S
T1SYNC
T10S0 Xl_ OUT —
Reserved —{ 11 —
mose 1 Prescaler Synchronize!
1,2,4,8 f
o det
1081 [X}— EN 10
0 2
Fosc T1CKPS<1:0>
Internal — 01
Clock Fosc/2 .
TI1OSCEN Fosc/a Internal Sleep input
0sC
@ Internal — 00 Clock
Clock
T1cki < '|>

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.

» To Clock Switching Modules

© 2012-2014 Microchip Technology Inc.

DS40001637C-page 199



PIC16(L)F1784/6/7

24.3.3 PUSH-PULL PWM

The push-pull PWM is used to drive transistor bridge
circuits. It uses at least two outputs and generates
PWM signals that alternate between the two outputs in
even and odd cycles.

Variations of the push-pull waveform include four
outputs with two outputs being complementary or two
sets of two identical outputs. Refer to Sections 24.3.4
through 24.3.6 for the other Push-Pull modes.

Code for setting up the PSMC generate the comple-
mentary single-phase waveform shown in Figure 24-6,
and given in Example 24-3.

EXAMPLE 24-3: PUSH-PULL SETUP

; Push-Pull PWM PSMC set up

; Fully synchronous operation

; Period = 10 us

; Duty cycle = 50% (25% each phase)
BANKSEL PSMC1CON

MOVLW  0x02 set period
24.3.31 Mode Features MOWF  PSMC1PRH
. ) ; MOWLW  Ox7F
No dead. band control a'vallable PSVCLPRL
* No steering control available MOVLW  0xO1 . set duty cycle
» Output is on the following two pins only: MOWWF  PSMC1DCH
- PSMCxA MOVLW  Ox3F
MOVWF PSMC1DCL
- PSMCxB CLRF PSMCIPHH ; no phase of f set
CLRF PSMC1PHL
_ — . MOVLW  0x01 ;. PSMC cl ock=64 Mz
Note: This is a subset of the 6-p|p ogtput of the MOWE  PSMCLCLK
push-pull PWM output, which is why pin output on A and B, normal polarity
functions are fixed in these positions, so MOVLW B’ 00000011’
they are compatible with that mode. See MOVWF PSMC1CEN
Section 24.3.6 “Push-Pull PWM with Four CLRF PSMC1POL
Full-Bridge and Complementary Out- ; set time base as source for all events
puts” BSF PSMC1PRS, P1PRST
BSF PSMC1PHS, P1PHST
. BSF PSMC1DCS, P1DCST
24.3.3.2  Waveform Generation . enable PSVC in Push-Pull Mode
Odd numbered period rising edge event: ; this also loads steering and time buffers
. . MOVLW B’ 11000010’
PSMCXxA is set active NOWE PSVELCON
Odd numbered period falling edge event: BANKSEL TRI SC
. . . . BCF TRISC, 0 ; enable pin drivers
PSMCXA is set inactive BOF TRISC 1
Even numbered period rising edge event:
* PSMCxB is set active
Even numbered period falling edge event:
* PSMCxB is set inactive
FIGURE 24-6: PUSH-PULL PWM WAVEFORM
I
PWM Period Number 1 2 3

«— AOutput ——»

|

Period Event

|

(—— AOQutput ——»

Rising Edge Event

|

«—— BOutput ———»|

Falling Edge Event

PSMCxA

PSMCxB

© 2012-2014 Microchip Technology Inc.
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24312 3-PHASE PWM

The 3-Phase mode of operation is used in 3-phase
power supply and motor drive applications configured
as three half-bridges. A half-bridge configuration
consists of two power driver devices in series,
between the positive power rail (high side) and nega-
tive power rail (low side). The three outputs come from
the junctions between the two drivers in each
half-bridge. When the steering control selects a phase
drive, power flows from the positive rail through a
high-side power device to the load and back to the
power supply through a low-side power device.

In this mode of operation, all six PSMC outputs are
used, but only two are active at a time.

The two active outputs consist of a high-side driver
and low-side driver output.

243121

* No dead-band control is available
* PWM can be steered to the following six pairs:
- PSMCxA and PSMCxD
- PSMCxA and PSMCxF
- PSMCxC and PSMCxF
- PSMCxC and PSMCxB
- PSMCxE and PSMCxB
- PSMCxE and PSMCxD

Mode Features

24.3.12.2 Waveform Generation

3-phase steering has a more complex waveform
generation scheme than the other modes. There are
several factors which go into what waveforms are
created.

The PSMC outputs are grouped into three sets of
drivers: one for each phase. Each phase has two
associated PWM outputs: one for the high-side drive
and one for the low-side drive.

High Side drives are indicated by 1H, 2H and 3H.
Low Side drives are indicated by 1L, 2L, 3L.

Phase grouping is mapped as shown in Table 24-1.
There are six possible phase drive combinations.
Each phase drive combination activates two of the six
outputs and deactivates the other four. Phase drive is
selected with the steering control as shown in
Table 24-2.

TABLE 24-1: PHASE GROUPING
PSMC grouping
PSMCxA 1H
PSMCxB 1L
PSMCxC 2H
PSMCxD 2L
PSMCxE 3H
PSMCxF 3L

TABLE 24-2: 3-PHASE STEERING CONTROL
PSMCxSTRO Value( 1)

PSMC outputs 00h 01lh 02h 04h 08h 10h 20h
PSMCxA 1H inactive active active inactive inactive inactive inactive
PSMCxB 1L inactive inactive inactive inactive active active inactive
PSMCxC 2H inactive inactive inactive active active inactive inactive
PSMCxD 2L inactive active inactive inactive inactive inactive active
PSMCxE 3H inactive inactive inactive inactive inactive active active
PSMCxF 3L inactive inactive active active inactive inactive inactive

Note 1: Steering for any value other than those shown will default to the output combination of the Least Significant

steering bit that is set.

High/Low Side Modulation Enable

It is also possible to enable the PWM output on the low
side or high side drive independently using the
PxLSMEN and PXHSMEN bits of the PSMC Steering
Control 1 (PSMCxSTR1) register (Register 24-32).

When the PxHSMEN bit is set, the active-high side
output listed in Table 24-2 is modulated using the
normal rising edge and falling edge events.

When the PxLSMEN bit is set, the active-low side
output listed in Table 24-2 is modulated using the
normal rising edge and falling edge events.

When both the PxHSMEN and PxLSMEN bits are
cleared, the active outputs listed in Table 24-2 go
immediately to the rising edge event states and do not
change.

Rising Edge Event

« Active outputs are set to their active states
Falling Edge Event

« Active outputs are set to their inactive state

DS40001637C-page 234
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24.4 Dead-Band Control

The dead-band control provides non-overlapping
PWM signals to prevent shoot-through current in
series connected power switches. Dead-band control
is available only in modes with complementary drive
and when changing direction in the ECCP compatible
Full-Bridge modes.

The module contains independent 8-bit dead-band
counters for rising edge and falling edge dead-band
control.

24.41 DEAD-BAND TYPES

There are two separate dead-band generators
available, one for rising edge events and the other for
falling edge events.

24411 Rising Edge Dead Band

Rising edge dead-band control is used to delay the
turn-on of the primary switch driver from when the
complementary switch driver is turned off.

Rising edge dead band is initiated with the rising edge
event.

Rising edge dead-band time is adjusted with the
PSMC Rising Edge Dead-Band Time (PSMCxDBR)
register (Register 24-26).

If the PSMCxDBR register value is changed when the

PSMC is enabled, the new value does not take effect
until the first period event after the PSMCXxLD bit is set.

24412 Falling Edge Dead Band

Falling edge dead-band control is used to delay the
turn-on of the complementary switch driver from when
the primary switch driver is turned off.

Falling edge dead band is initiated with the falling
edge event.

Falling edge dead-band time is adjusted with the
PSMC Falling Edge Dead-Band Time (PSMCxDBF)
register (Register 24-27).

If the PSMCxDBF register value is changed when the
PSMC is enabled, the new value does not take effect
until the first period event after the PSMCXxLD bit is set.

2442 DEAD-BAND ENABLE

When a mode is selected that may use dead-band
control, dead-band timing is enabled by setting one of
the enable bits in the PSMC Control (PSMCxCON)
register (Register 24-1).

Rising edge dead band is enabled with the PxDBRE
bit.

Rising edge dead band is enabled with the PxDBFE
bit.

Enable changes take effect immediately.

2443 DEAD-BAND CLOCK SOURCE

The dead-band counters are incremented on every
rising edge of the psmc_clk signal.

2444 DEAD-BAND UNCERTAINTY

When the rising and falling edge events that trigger the
dead-band counters come from asynchronous inputs,
there will be uncertainty in the actual dead-band time of
each cycle. The maximum uncertainty is equal to one
psmc_clk period. The one clock of uncertainty may still
be introduced, even when the dead-band count time is
cleared to zero.

2445 DEAD-BAND OVERLAP

There are two cases of dead-band overlap and each is
treated differently due to system requirements.

24451 Rising to Falling Overlap

In this case, the falling edge event occurs while the
rising edge dead-band counter is still counting. The
following sequence occurs:

1. Dead-band rising count is terminated.

2. Dead-band falling count is initiated.

3. Primary output is suppressed.

24.45.2 Falling to Rising Overlap

In this case, the rising edge event occurs while the
falling edge dead-band counter is still counting. The
following sequence occurs:

1. Dead-band falling count is terminated.

2. Dead-band rising count is initiated.

3. Complementary output is suppressed.

24453 Rising Edge-to-Rising Edge or
Falling Edge-to-Falling Edge

In cases where one of the two dead-band counters is

set for a short period, or disabled all together, it is

possible to get rising-to-rising or falling-to-falling

overlap. When this is the case, the following sequence

occurs:

1. Dead-band count is terminated.

2. Dead-band count is restarted.

3. Output waveform control freezes in the present
state.

4. Restarted dead-band count completes.
5. Output control resumes normally.
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2454 SYNCHRONIZED PWM STEERING

In Single, Complementary and 3-phase PWM modes,
it is possible to synchronize changes to steering
selections with the period event. This is so that PWM
outputs do not change in the middle of a cycle and
therefore, disrupt operation of the application.

Steering synchronization is enabled by setting the
PxSSYNC bit of the PSMC Steering Control 1
(PSMCxSTR1) register (Register 24-32).

When synchronized steering is enabled while the
PSMC module is enabled, steering changes do not
take effect until the first period event after the
PSMCXLD bit is set.

Examples of synchronized steering are shown in
Figure 24-18.

2455 INITIALIZING SYNCHRONIZED
STEERING

If synchronized steering is to be used, special care
should be taken to initialize the PSMC Steering
Control 0 (PSMCxSTRO) register (Register 24-31) in a
safe configuration before setting either the PSMCxEN
or PSMCxLD bits. When either of those bits are set,
the PSMCxSTRO value at that time is loaded into the
synchronized steering output buffer. The buffer load
occurs even if the PxXSSYNC bit is low. When the
PxSSYNC bit is set, the outputs will immediately go to
the drive states in the preloaded buffer.

FIGURE 24-18: PWM STEERING WITH SYNCHRONIZATION WAVEFORM
| | | | | |
Period Number | 1 | 2 | | 5 | 6 | 7
|
PWM Signal ‘ | ‘ ‘ | |
\ |
PXSTRA | | |_‘ | |

Synchronized PxSTRA ‘

PxSTRB
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FIGURE 26-4: SPI MASTER AND MULTIPLE SLAVE CONNECTION
SCK K
SPI Master > SC
SDO | SDI SPI Slave
SDI |- SDO #1
General 1/0 | SS
General I/0O
General I/0 +—{SCK
- SDI SPI Slave
SDO #2
B SS
—» SCK
— SDI SPI Slave
+——SDO #3
B SS

26.2.1 SPIMODE REGISTERS

The MSSP module has five registers for SPI mode
operation. These are:

* MSSP STATUS register (SSPSTAT)

* MSSP Control register 1 (SSPCON1)
* MSSP Control register 3 (SSPCON3)
* MSSP Data Buffer register (SSPBUF)
* MSSP Address register (SSPADD)

* MSSP Shift register (SSPSR)
(Not directly accessible)

SSPCON1 and SSPSTAT are the control and STATUS
registers in SPI mode operation. The SSPCON1
register is readable and writable. The lower 6 bits of
the SSPSTAT are read-only. The upper 2 bits of the
SSPSTAT are read/write.

In one SPI master mode, SSPADD can be loaded with
a value used in the Baud Rate Generator. More
information on the Baud Rate Generator is available in
Section 26.7 “Baud Rate Generator”.

SSPSRis the shift register used for shifting data in and
out. SSPBUF provides indirect access to the SSPSR
register. SSPBUF is the buffer register to which data
bytes are written, and from which data bytes are read.

In receive operations, SSPSR and SSPBUF together
create a buffered receiver. When SSPSR receives a
complete byte, it is transferred to SSPBUF and the
SSP1IF interrupt is set.

During transmission, the SSPBUF is not buffered. A
write to SSPBUF will write to both SSPBUF and
SSPSR.

© 2012-2014 Microchip Technology Inc.
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26.6.8 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN bit of the
SSPCONZ2 register. When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to
generate an Acknowledge, then the ACKDT bit should
be cleared. If not, the user should set the ACKDT bit
before starting an Acknowledge sequence. The Baud
Rate Generator then counts for one rollover period
(TBRG) and the SCL pin is deasserted (pulled high).
When the SCL pin is sampled high (clock arbitration),
the Baud Rate Generator counts for TBRG. The SCL pin
is then pulled low. Following this, the ACKEN bit is auto-
matically cleared, the Baud Rate Generator is turned off
and the MSSP module then goes into Idle mode
(Figure 26-29).

26.6.8.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write does
not occur).

26.6.9 STOP CONDITION TIMING

A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN bit of the SSPCON2 register. At the end of a
receive/transmit, the SCL line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDA line low. When the SDA
line is sampled low, the Baud Rate Generator is
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCL pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDA pin will be deasserted. When the SDA
pin is sampled high while SCL is high, the P bit of the
SSPSTAT register is set. A TBRG later, the PEN bit is
cleared and the SSP1IF bit is set (Figure 26-30).

26.6.9.1 WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write does
not occur).

FIGURE 26-30: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here, i
write 1o SSPCON2 l— ACKEN automatically cleared
ACKEN =1, ACKDT =0
l—TBrG —t—TBRG —]
SDA DO ACK !
X \ o
|
SCL 8 | ! 9 I
| |
| ! |
I |
SSP1IF :
L Cleared in
ﬁﬁsepe”g 31? :eac}eive — CIeareId in software
software SSP1IF set at the end
of Acknowledge sequence
Note: TBRG = one Baud Rate Generator period.
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REGISTER 27-3: BAUDCON: BAUD RATE CONTROL REGISTER

R-0/0 R-1/1 u-0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0
ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN
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 ABDOVF: Auto-Baud Detect Overflow bit

Asynchronous mode:
1 = Auto-baud timer overflowed
0 = Auto-baud timer did not overflow
Synchronous mode:
Don't care
bit 6 RCIDL: Receive Idle Flag bit
Asynchronous mode:
1 = Receiver is idle
0 = Start bit has been received and the receiver is receiving
Synchronous mode:

Don’t care
bit 5 Unimplemented: Read as ‘0’
bit 4 SCKP: Synchronous Clock Polarity Select bit

Asynchronous mode:

1 = Transmit inverted data to the TX/CK pin

0 = Transmit non-inverted data to the TX/CK pin

Synchronous mode:

1 = Data is clocked on rising edge of the clock

0 = Data is clocked on falling edge of the clock
bit 3 BRG16: 16-bit Baud Rate Generator bit

1 = 16-bit Baud Rate Generator is used
0 = 8-bit Baud Rate Generator is used

bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit
Asynchronous mode:
1 = Receiver is waiting for a falling edge. No character will be received, byte RCIF will be set. WUE
will automatically clear after RCIF is set.
0 = Receiver is operating normally
Synchronous mode:
Don’t care
bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:
1 = Auto-Baud Detect mode is enabled (clears when auto-baud is complete)
0 = Auto-Baud Detect mode is disabled
Synchronous mode:
Don’t care
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BCF Bit Clear f
Syntax: [label ] BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected: None
Description: Bit ‘b’ in register ‘f’ is cleared.
BRA Relative Branch
Syntax: [label ] BRA label
[label ] BRA $+k
Operands: -256 < label - PC + 1 <255
-256 < k <255
Operation: (PC)+1+k—>PC
Status Affected: None
Description: Add the signed 9-bit literal ‘K’ to
the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will
be PC + 1 + k. This instruction is
a 2-cycle instruction. This branch
has a limited range.
BRW Relative Branch with W
Syntax: [ label ] BRW
Operands: None
Operation: (PC) + (W) > PC
Status Affected:  None
Description: Add the contents of W (unsigned)

to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will
be PC + 1 + (W). This instruction
is a 2-cycle instruction.

BSF Bit Set f
Syntax: [label ] BSF fb
Operands: 0<f<127
0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is set.
BTFSC Bit Test f, Skip if Clear
Syntax: [ label ] BTFSC f,b
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) =0
Status Affected: None
Description: If bit ‘b’ in register ‘f' is ‘1’, the next
instruction is executed.
If bit ‘b’, in register f', is ‘0’, the
next instruction is discarded, and
a NOP is executed instead, making
this a 2-cycle instruction.
BTFSS Bit Test f, Skip if Set
Syntax: [label 1 BTFSS fb
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) =1
Status Affected: None
Description: If bit ‘b’ in register f’ is ‘0’, the next

instruction is executed.

If bit ‘b’ is ‘1’, then the next
instruction is discarded and a NOP
is executed instead, making this a

2-cycle instruction.

© 2012-2014 Microchip Technology Inc.
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30.2 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®
PIC16LF1784/6/7

VDDMIN (Fosc <16 MHZ) .......cooiveiiiiiiiene
VDDMIN (16 MHz < Fosc < 32 MHz)................
VDDMAX ...oiiiiiiee et e e e e e e et a e e e e s

PIC16F1784/6/7

VDDMIN (Fosc <16 MHZ) .......cooeeiiiiiiiiene
VDDMIN (16 MHz < Fosc < 32 MHz)................
VDDMAX ...oiiiiiiee et e e e e e e et a e e e e s

TA — Operating Ambient Temperature Range
Industrial Temperature

......................................................................... +1.8V
......................................................................... +2.5V
......................................................................... +3.6V

......................................................................... +2.3V
......................................................................... +2.5V
......................................................................... +5.5V

......................................................................... -40°C

........................................................................ +85°C

......................................................................... -40°C
...................................................................... +125°C

Note 1: See Parameter D001, DC Characteristics: Supply Voltage.

© 2012-2014 Microchip Technology Inc.
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TABLE 30-4: 1/O PORTS (CONTINUED)

Standard Operating Conditions (unless otherwise stated)
Pilr:m Sym. Characteristic Min. Typt Max. Units Conditions
Capacitive Loading Specs on Output Pins
D101* |[COSC2|0SC2 pin — — 15 pF | In XT, HS and LP modes when
external clock is used to drive
0OSsC1
D101A* | Cio All /O pins — — 50 pF
VcAp Capacitor Charging
D102 Charging current — 200 — HA
D102A Source/sink capability when — 0.0 — mA
charging complete
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an external
clock in RC mode.
2: Negative current is defined as current sourced by the pin.
3: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.
4: Including OSC2 in CLKOUT mode.
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TABLE 30-21: 1°C™ BUS START/STOP BITS REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Pilrc?m Symbol Characteristic Min. | Typ | Max. | Units Conditions
SP90* |Tsu:sTA |Start condition 100 kHz mode | 4700 | — — ns |Only relevant for Repeated
Setup time 400 kHzmode | 600 | — | — Start condition
SP91* |THD:STA |Start condition 100 kHz mode | 4000 | — — ns |After this period, the first
Hold time 400 kHz mode | 600 | — | — clock pulse is generated
SP92* |Tsu:sTO |Stop condition 100 kHz mode | 4700 | — — ns
Setup time 400 kHz mode 600 | — —
SP93 |THD:STO |Stop condition 100 kHz mode | 4000 | — — ns
Hold time 400 kHz mode 600 — —
* These parameters are characterized but not tested.
FIGURE 30-21: I2C™ BUS DATA TIMING
— «—SP103 .SP100 —» - SP102
o X SP101 ' . .'
SCL . D , L Ve /
T sSPRo SP106 ! : '
| . ' =— SP107 !
—= SP91 ~— | . : —=  ~—SP92 .
SDA Z S : :
[ I Z ) / A\
n , , / >< ----- | SP110 !
.. SP109 : '
SDA
Out >< _____
Note: Refer to Figure 30-4 for load conditions.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.

FIGURE 31-67:

LPBOR Reset Voltage.

2.6 50
Max.
25 45
Max. ——T"
24 — 40
— Max: Typical + 30 35
Typical: istical Mean | |
23 Min: Typical - 30 / [Max: Typical + 30
s S 30 Typicai: Statistical Mean
T 22 £ |
k| Typical I, & 25
S 21 et
e s
| 20
- > .
20 Typical -
15
19 ) //
Min. I 10
|
1.8 5
1.7 0
-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)

FIGURE 31-68:

LPBOR Reset Hysteresis.

100 110
Max: Typical + 30 (-40°C to +125°C) Max: Typical + 30 (-40°C to +125°C)
Typical; statistical mean @ 25°C 100 Typical; statistical mean @ 25°C
90 \Mm' Typical - 30 (-40°C to +125°C) le: Typical - 30 (-40°C to +125°C)
Max.
90
80 = Max.
g Typical g 80
£ g Typical
= — 70
Min.
60
60 Min.
50 50
40 40
20 25 3.0 3.5 4.0 4.5 5.0 55 6.0 16 1.8 20 22 2.4 26 28 3.0 32 3.4 3.6 3.8
Vob (V) Vop (V)
FIGURE 31-69: PWRT Period, FIGURE 31-70: PWRT Period,
PIC16F1784/6/7 Only. PIC16LF1784/6/7 Only.
1.70 1.58
1.68 156 ~—
- E
166 Max —] [
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Typical /— \\ ‘
S 162 | S 15 Typical
Py o
g 160 g
25 i ~ S 150 —~~ :
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1.56 1.48 T~
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FIGURE 31-71:

POR Release Voltage.

FIGURE 31-72:

POR Rearm Voltage,

NP Mode (VREGPM = 0), PIC16F1784/6/7 Only.
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28-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Jﬁﬂiﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

SILK SCREEN
C
o |l -
G —»| |—— 4>l |<— X1 t
E
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits| MIN_ [ NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.20
Contact Pad Width (X28) X1 0.45
Contact Pad Length (X28) Y1 1.75
Distance Between Pads G 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2073A
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