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PIC16F882/883/884/886/887

3.4.45 RB4/AN11/P1D®W

Figure 3-10 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

* an analog input for the ADC

+ a PWM output®

Note 1: P1D is available on PIC16F882/883/886|
only.

3.44.6 RB5/AN13/T1G

Figure 3-10 shows the diagram for this pin. This pin is
configurable to function as one of the following:

» ageneral purpose I/O
 an analog input for the ADC
» a Timerl gate input

3447 RB6/ICSPCLK

Figure 3-10 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O
« In-Circuit Serial Programming clock

3.4.4.8 RB7/ICSPDAT

Figure 3-10 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O
« In-Circuit Serial Programming data
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PIC16F882/883/884/886/887

FIGURE 3-10: BLOCK DIAGRAM OF RB<7:4>
Analog® Input Mode VDD
Data Bus |—c
st bed [ Lo
WPUB ™~ Q RBPU
RD _'ﬂ* CCP10UT Enable
WPUB VDD
D Ol CCP1OUT |7
WR CK 6
PORTB ~N 0 /O Pin
D Q
WR CK =| o Vss
TRISB ~ @
RD _‘ﬂj ’
TRISB Analog®
p Input Mode
RD _$
PORTB J
b o /
Q DI—= iIcsp™ (@)
WR CK 6
I0CB ~
EN Q3 /
RD
loCcB Q DH+—
EN ——
Interrupt-on- 9
Change
RD PORTB —
To Timerl T1G®
To A/D Converter

To ICSPCLK (RB6) and ICSPDAT (RB7)

Available on PIC16F882/PIC16F883/PIC16F886 only.

Note 1:  ANSELH determines Analog Input mode.

2:  Applies to RB<7:6> pins only).

3:  Applies to RB5 pin only.
TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé

ANSELH — — ANS13 | ANS12 ANS11 ANS10 ANS9 ANSS8 49
CCP1CON P1M1 P1MO DCiB1 | DC1BO | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 122
CM2CON1 MC10OUT | MC20UT | C1IRSEL | C2RSEL — — T1GSS | C2SYNC 92
10CB I0CB7 10CB6 I0CB5 10CB4 I0CB3 10CB2 I0CB1 10CBO 50
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
OPTION_REG | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO 31
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 49
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 49
WPUB WPUB7 | WPUB6 | WPUB5 | WPUB4 | WPUB3 | WPUB2 | WPUB1 | WPUBO 50
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’. Shaded cells are not used by PORTB.

© 2006-2015 Microchip Technology Inc.
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4.2 Oscillator Control

The Oscillator Control (OSCCON) register (Figure 4-1)
controls the system clock and frequency selection
options. The OSCCON register contains the following
bits:

» Frequency selection bits (IRCF)

» Frequency Status bits (HTS, LTS)

« System clock control bits (OSTS, SCS)

REGISTER DEFINITIONS: OSCILLATOR CONTROL
REGISTER 4-1: OSCCON: OSCILLATOR CONTROL REGISTER

u-0 R/W-1 R/W-1 R/W-0 R-1 R-0 R-0 R/W-0
— | Ircr2 | IRcF1 | IRcFo | osTs® | HTs LTS scs
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits
111 =8 MHz
110 = 4 MHz (default)
101 =2 MHz
100 =1 MHz
011 =500 kHz
010 =250 kHz
001 =125 kHz
000 =31 kHz (LFINTOSC)
bit 3 OSTS: Oscillator Start-up Time-out Status bit(H)

1 = Device is running from the clock defined by FOSC<2:0> of the CONFIGL1 register
0 = Device is running from the internal oscillator (HFINTOSC or LFINTOSC)
bit 2 HTS: HFINTOSC Status bit (High Frequency — 8 MHz to 125 kHz)
1 = HFINTOSC is stable
0 = HFINTOSC is not stable
bit 1 LTS: LFINTOSC Stable bit (Low Frequency — 31 kHz)
1 = LFINTOSC is stable
0 = LFINTOSC is not stable
bit 0 SCS: System Clock Select bit
1 = Internal oscillator is used for system clock
0 = Clock source defined by FOSC<2:0> of the CONFIG1 register

Note 1: Bitresets to ‘0’ with Two-Speed Start-up and LP, XT or HS selected as the Oscillator mode or Fail-Safe
mode is enabled.
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TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1

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

on Page
CM2CON1 | MC10OUT | MC20UT | C1IRSEL | C2RSEL — — T1GSS | C2SYNC 92
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PIE1 — ADIE RCIE TXIE SSPIE CCPlIE | TMR2IE | TMR1IE 33
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMRL1IF 35
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 78
TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 78
TICON | T1GINV | TMRIGE | TICKPS1 | TICKPSO | TLOSCEN | TISYNC | TMRICS | TMRION | 81
Legend: x =unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl
module.

DS40001291H-page 82 © 2006-2015 Microchip Technology Inc.




PIC16F882/883/884/886/887

FIGURE 8-2: COMPARATOR C1 SIMPLIFIED BLOCK DIAGRAM
C1CH<1:0> oL
To
D Q ﬁ Data Bus
C12INo EN RD_CM1CONO
ClZINl—lE—
ﬂD Set C1IF
c12iN2- [} b Q 7
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C12IN3-|X|_ cL To PWM Logic

c1oN® Reset

C1VIN-

Forpy C10UT
C1vint|, D

FixedRef C1OUT (to SR Latch)

C1POL

CVREF C1VREF

C1RSEL

Note 1: When C1ON = 0, the C1 comparator will produce a ‘0’ output to the XOR Gate.
2: Q1 and Q3 are phases of the four-phase system clock (FOSC).
3:  Q1is held high during Sleep mode.

FIGURE 8-3: COMPARATOR C2 SIMPLIFIED BLOCK DIAGRAM
C2POL
4} To
D Q 7 Data Bus
Q1 |-y
RD_CM2CONO
C2CH<1:0>
H Set C2IF
D Q /) >
Q3*RD_CM2CONO
C12INO- c20N® E’\(‘:L
C12IN1- Reset |
C12IN2- C2VIN+ +C2 —— ¢ j : C20UT
C12IN3- C2SYNC
C2R c2PoL 0 SYNCC20UT
MUX
D Q 1// To Timerl Gate, SR Latch,
From Timer PWM Logic, and other
FixedRef Clock peripherals

CVREF | C2VREF

C2RSEL

Note 1: When C20N = 0, the C2 comparator will produce a ‘0’ output to the XOR Gate.
2: Q1 and Q3 are phases of the four-phase system clock (FOSC).
3:  Q1lis held high during Sleep mode.
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9.2.7 ADC REGISTER DEFINITIONS

The following registers are used to control the opera-
tion of the ADC.

Note: For ANSEL and ANSELH registers, see
Register 3-3 and Register 3-4,
respectively.

REGISTER DEFINITIONS: ADC CONTROL

REGISTER 9-1:  ADCONO: A/D CONTROL REGISTER 0
RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
ADCS1 | ADCSO | CHS3 | CHs2 | CHsl1 CHSO [ GO/DONE | ADON
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 7-6

ADCS<1:0>: A/D Conversion Clock Select bits

00 = Fosc/2

01 = Fosc/8

10 = Fosc/32

11 = FRrRc (clock derived from a dedicated internal oscillator = 500 kHz max)

CHS<3:0>: Analog Channel Select bits

0000 = ANO
0001 = AN1
0010 = AN2
0011 = AN3
0100 = AN4
0101 = AN5
0110 = AN6
0111 = AN7
1000 = AN8
1001 = AN9
1010 = AN10
1011 = AN11
1100 = AN12
1101 = AN13
1110 = CVREF
1111 = Fixed Ref (0.6V Fixed Voltage Reference)

GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
ADON: ADC Enable bit

1 = ADC is enabled
0 = ADC is disabled and consumes no operating current

bit 5-2

bit 1

bit 0
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10.3 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the data
EEPROM should be verified (see Example 10-5) to the
desired value to be written.

EXAMPLE 10-5: WRITE VERIFY

BANKSEL EEDAT ;

MOVF EEDAT, W ; EEDAT not changed
;fromprevious wite

BANKSEL EECON1 ;

BSF EECON1, RD ; YES, Read the
;value witten

BANKSEL EEDAT ;

XORWF EEDAT, W ;

BTFSS  STATUS, Z

GOTO VRl TE_ERR

;ls data the sane
;No, handl e error
: ;' Yes, continue
BCF STATUS, RP1 ; Bank 0O

10.3.1 USING THE DATA EEPROM

The data EEPROM is a high-endurance, byte
addressable array that has been optimized for the
storage of frequently changing information (e.g.,
program variables or other data that are updated often).
When variables in one section change frequently, while
variables in another section do not change, it is possible
to exceed the total number of write cycles to the
EEPROM (specification D124) without exceeding the
total number of write cycles to a single byte
(specifications D120 and D120A). If this is the case,
then a refresh of the array must be performed. For this
reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory.

10.4 Protection Against Spurious Write

There are conditions when the user may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built in. On power-up, WREN is cleared. Also, the
Power-up Timer (64 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during:

* Brown-out

* Power Glitch

 Software Malfunction

10.5 Data EEPROM Operation During
Code-Protect

Data memory can be code-protected by programming
the CPD bit in the Configuration Word Register 1
(Register 14-1) to ‘0"

When the data memory is code-protected, only the
CPU is able to read and write data to the data
EEPROM. It is recommended to code-protect the pro-
gram memory when code-protecting data memory.
This prevents anyone from programming zeros over
the existing code (which will execute as NOPs) to reach
an added routine, programmed in unused program
memory, which outputs the contents of data memory.
Programming unused locations in program memory to
‘0" will also help prevent data memory code protection
from becoming breached.

© 2006-2015 Microchip Technology Inc.
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TABLE 10-1: SUMMARY OF REGISTERS ASSOCIATED WITH DATA EEPROM

Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
EECON1| EEPGD | — — — WRERR | WREN WR RD 112

EECONZ2 |EEPROM Control Register 2 (not a physical register) —

EEADR | EEADRY7 |EEADR6| EEADRS EEADR4 EEADR3 | EEADR2 | EEADR1 | EEADRO 111

EEADRH — — — EEADRH4(Y) | EEADRH3 | EEADRH2 | EEADRH1 | EEADRHO 111
EEDAT | EEDAT7 | EEDAT6 | EEDATS EEDAT4 EEDAT3 | EEDAT2 | EEDAT1 | EEDATO 111
EEDATH — — EEDATHS5| EEDATH4 |EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO 111
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PIE2 OSFIE C2IE ClIE EEIE BCLIE | ULPWUIE — CCP2IE 34
PIR2 OSFIF C2IF C1IF EEIF BCLIF | ULPWUIF — CCP2IF 36
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’, q = value depends upon condition.

Shaded cells are not used by data EEPROM module.
Note 1: PIC16F886/PIC16F887 only.
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116.1

HALF-BRIDGE MODE

In Half-Bridge mode, two pins are used as outputs to
drive push-pull loads. The PWM output signal is output
on the CCPx/P1A pin, while the complementary PWM
output signal is output on the P1B pin (see Figure 11-9).
This mode can be used for Half-Bridge applications, as
shown in Figure 11-9, or for Full-Bridge applications,
where four power switches are being modulated with
two PWM signals.

In Half-Bridge mode, the programmable dead-band delay
can be used to prevent shoot-through current in Half-
Bridge power devices. The value of the PDC<6:0> bits of
the PWM1CON register sets the number of instruction
cycles before the output is driven active. If the value is
greater than the duty cycle, the corresponding output

remains
Section 11.6.6
Mode”
operations.

FIGURE 11-9:

inactive  during

the entire

cycle.

See

“Programmable Dead-Band Delay

EXAMPLE OF HALF-BRIDGE APPLICATIONS

for more details of the dead-band delay

Since the P1A and P1B outputs are multiplexed with
the PORT data latches, the associated TRIS bits must
be cleared to configure P1A and P1B as outputs.

EXAMPLE OF HALF-
BRIDGE PWM OUTPUT

Period

FIGURE 11-8:

Period

.. Pulse Width |

P1A®@! !
L !
[ |
I td 1
| |

—

1t

|
I [

|
td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

Standard Half-Bridge Circuit (“Push-Pull”)

Half-Bridge Output Driving a Full-Bridge Circuit

P1A

P1B

FET
Driver +
™~ | —
Load
FET
Driver +
™S e =
P1B L~ |t —
V+
FET ' FET
Driver Driver
™S I | 1
L I gl ~ -
M oad |
FET 1Load | FET
Driver Driver
™~ |t Y
L~ ks |
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11.6.2.1 Direction Change in Full-Bridge
Mode

In the Full-Bridge mode, the P1M1 bit in the CCP1CON
register allows users to control the forward/reverse
direction. When the application firmware changes this
direction control bit, the module will change to the new
direction on the next PWM cycle.
A direction change is initiated in software by changing
the P1M1 bit of the CCP1CON register. The following
sequence occurs prior to the end of the current PWM
period:
» The modulated outputs (P1B and P1D) are placed

in their inactive state.

» The associated unmodulated outputs (P1A and
P1C) are switched to drive in the opposite
direction.

* PWM modulation resumes at the beginning of the
next period.

See Figure 11-12 for an illustration of this sequence.

FIGURE 11-12:

The Full-Bridge mode does not provide dead-band
delay. As one output is modulated at a time, dead-band
delay is generally not required. There is a situation
where dead-band delay is required. This situation
occurs when both of the following conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn off time of the power switch, including
the power device and driver circuit, is greater
than the turn on time.

Figure 11-13 shows an example of the PWM direction
changing from forward to reverse, at a near 100% duty
cycle. In this example, at time t1, the output P1A and
P1D become inactive, while output P1C becomes
active. Since the turn off time of the power devices is
longer than the turn on time, a shoot-through current
will flow through power devices QC and QD (see
Figure 11-10) for the duration of ‘t. The same
phenomenon will occur to power devices QA and QB
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required

for an application, two possible solutions for eliminating

the shoot-through current are:

1. Reduce PWM duty cycle for one PWM period
before changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

EXAMPLE OF PWM DIRECTION CHANGE

~<«———  Period®

Signal

> = Period ——»

P1A (Active-High)

[ e widtn |

P1B (Active-High) |

P1C (Active-High)

« Pulse Width |
-,

P1D (Active-High)

- (@

Pulse Width

value.

Note 1: The direction bit P1M1 of the CCP1CON register is written any time during the PWM cycle.

2:  When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle. The
modulated P1B and P1D signals are inactive at this time. The length of this time is (1/Fosc) e TMR2 prescale

DS40001291H-page 136
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TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC =0,BRGH =0, BRG16 =0
BAUD Fosc =20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz Fosc = 8.000 MHz
RATE | Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 1221 1.73 255 1200 0.00 239 1200 0.00 143 1202 0.16 103
2400 2404 0.16 129 2400 0.00 119 2400 0.00 71 2404 0.16 51
9600 9470 -1.36 32 9600 0.00 29 9600 0.00 17 9615 0.16 12
10417 | 10417 0.00 29 10286  -1.26 27 10165 -2.42 16 10417 0.00 11
19.2k | 19.53k  1.73 15 19.20k  0.00 14 19.20k  0.00 — — —
57.6k — — — 57.60k  0.00 7 57.60k  0.00 — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =0, BRG16 =0
BAUD Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300 0.16 207 300 0.00 191 300 0.16 103 300 0.16 51
1200 1202 0.16 51 1200 0.00 47 1202 0.16 25 1202 0.16 12
2400 2404 0.16 25 2400 0.00 23 2404 0.16 12 — — —
9600 — — — 9600 0.00 5 — — — — — —
10417 | 10417 0.00 5 — — — 10417 0.00 2 — — —
19.2k — — — 19.20k  0.00 2 — — — — — —
57.6k — — — 57.60k  0.00 0 — — — — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =1,BRG16 =0
BAUD Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz Fosc = 8.000 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — 2404 0.16 207
9600 9615 0.16 129 9600 0.00 119 9600 0.00 71 9615 0.16 51
10417 | 10417 0.00 119 10378  -0.37 110 10473 0.53 65 10417 0.00 a7
19.2k | 19.23k  0.16 64 19.20k  0.00 59 19.20k  0.00 35 19231 0.16 25
57.6k | 56.82k -1.36 21 57.60k  0.00 19 57.60k  0.00 11 55556  -3.55 8
115.2k | 113.64k -1.36 10 115.2k  0.00 9 115.2k  0.00 5 — — —

© 2006-2015 Microchip Technology Inc.
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13.4.1.1 Addressing

Once the MSSP module has been enabled, it waits for
a Start condition to occur. Following the Start condition,
the eight bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit BF is set.

c) AnACK pulse is generated.

d) MSSP interrupt flag bit, SSPIF of the PIR1
register, is set on the falling edge of the ninth
SCL pulse (interrupt is generated, if enabled).

In 10-bit address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSb) of the first address byte specify if this is a 10-bit
address. The R/W bit (SSPSTAT register) must specify
a write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal * 1111 0 A9 A8 0’ , where A9 and A8 are the
two MSb’s of the address.

The sequence of events for 10-bit addressing is as
follows, with steps 7-9 for slave-transmitter:

1. Receive first (high) byte of address (bit SSPIF of
the PIR1 register and bits BF and UA of the
SSPSTAT register are set).

2. Update the SSPADD register with second (low)
byte of address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of address. If match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

13.4.1.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT register)
is set, or bit SSPOV (SSPCON register) is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit SSPIF of the PIR1 register must be
cleared in software. The SSPSTAT register is used to
determine the status of the byte.

13.4.1.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the
SSPBUF register, which also loads the SSPSR regis-
ter. Then pin RC3/SCK/SCL should be enabled by set-
ting bit CKP (SSPCON register). The master must
monitor the SCL pin prior to asserting another clock
pulse. The slave devices may be holding off the master
by stretching the clock. The eight data bits are shifted
out on the falling edge of the SCL input. This ensures
that the SDA signal is valid during the SCL high time
(Figure 13-8).

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line is high (not ACK), then the
data transfer is complete. When the ACK is latched by
the slave, the slave logic is reset and the slave moni-
tors for another occurrence of the Start bit. If the SDA
line was low (ACK), the transmit data must be loaded
into the SSPBUF register, which also loads the SSPSR
register. Pin RC3/SCK/SCL should be enabled by
setting bit CKP.
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13.4.3 MASTER MODE

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop
conditions. The Stop (P) and Start (S) bits are cleared
from a Reset, or when the MSSP module is disabled.
Control of the 12C bus may be taken when the P bit is
set, or the bus is idle, with both the S and P bits clear.

In Master mode, the SCL and SDA lines are manipu-
lated by the MSSP hardware.

The following events will cause SSP Interrupt Flag bit,
SSPIF, to be set (SSP Interrupt if enabled):

 Start condition
« Stop condition

« Data transfer byte transmitted/received
» Acknowledge transmit
* Repeated Start condition

13.4.4 I2C™ MASTER MODE SUPPORT

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPCON and by setting the
SSPEN bit. Once Master mode is enabled, the user
has the following six options:

1. Assert a Start condition on SDA and SCL.

2. Assert a Repeated Start condition on SDA and
SCL.

3. Write to the SSPBUF register initiating
transmission of data/address.

4. Generate a Stop condition on SDA and SCL.

5. Configure the I°C port to receive data.

6. Generate an Acknowledge condition at the end
of a received byte of data.

Note: The MSSP module, when configured in 12C

Master mode, does not allow queuing of
events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPBUF register to
imitate transmission, before the Start
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

FIGURE 13-10: MSSP BLOCK DIAGRAM (IZCT"’I MASTER MODE)
< Internal SSPM<3:0>
Data Bus SSPADD<6:0>
Read Write ‘
‘ SSPBUF ‘ Baud
Rate
Generator
SDA Shift 5
. I>.  SDAIn Clock o
=z SSPSR &lz
|8
L ~] Msb LSb o5
3] o
e Q|2
= 8 | 2%
c . . IChRS]
] Start bit, Stop bit, 4G_‘ = ks
g Acknowledge 5 Sl
= O B85
§ Generate x Z|o
o 9]
ScL ~ @ o E £
@ I% (@)
| e
[ ~
1 Start bit Detect
B Stop bit Detect
SCL In Write Collision Detect —» Set/Reset, S, P, WCOL (SSPSTAT)
Clock Arbitration Set SSPIF, BCLIF
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCON?2)
End of XMIT/RCV
Note: 1/O pins have diode protection to VDD and Vss.

© 2006-2015 Microchip Technology Inc.

DS40001291H-page 189



PIC16F882/883/884/886/887

13.4.15 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset, or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit (SSPSTAT register) is set, or
the bus is idle with both the S and P bits clear. When
the bus is busy, enabling the SSP Interrupt will gener-
ate the interrupt when the Stop condition occurs.

In Multi-Master operation, the SDA line must be moni-
tored for arbitration, to see if the signal level is the
expected output level. This check is performed in hard-
ware, with the result placed in the BCLIF bit.

Arbitration can be lost in the following states:

« Address transfer

« Data transfer

« A Start condition

* A Repeated Start condition
« An Acknowledge condition

13.4.16 MULTI -MASTER
COMMUNICATION, BUS
COLLISION, AND BUS
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA, by letting SDA float high and
another master asserts a ‘0’.  When the SCL pin floats
high, data should be stable. If the expected data on

SDAis a ‘1’ and the data sampled on the SDA pin =0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag (BCLIF) and reset the
12C port to its Idle state (Figure 13-20).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF bit is
cleared, the SDA and SCL lines are de-asserted, and
the SSPBUF can be written to. When the user services
the bus collision interrupt service routine, and if the 1’C
bus is free, the user can resume communication by
asserting a Start condition.

If a Start, Repeated Start, Stop, or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are de-asserted, and the respective control bits in
the SSPCON2 register are cleared. When the user
services the bus collision interrupt service routine, and
if the 12C bus is free, the user can resume
communication by asserting a Start condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be
set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the
determination of when the bus is free. Control of the 12C
bus can be taken when the P bit is set in the SSPSTAT
register, or the bus is idle and the S and P bits are
cleared.

FIGURE 13-20: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
SDA line pulled low Sample SDA,
Data changes by another source While SCL is high, data does not
while SCL =0 match what is driven by the master,
l SDA released _l l lBus collision has occurred
bymaster Y v v
SDA / \

BCLIF

SCL Set bus collision
—\—/—\—/ { interrupt (BCLIF)
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FIGURE 14-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —/
MCLR —
Internal POR |_|

PWRT Time-out

OST Time-out

Internal Reset

TPWRT:

~—ToST—=

PWRT Time-out

OST Time-out

Internal Reset

FIGURE 14-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2
VDD —/
MCLR —
Internal POR H

TPWRT

+<—TosT—

.

PWRT Time-out

OST Time-out

Internal Reset

TPWRT

FIGURE 14-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD)
VDD —/
MCLR .
Internal POR H

= TOST+

|
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FIGURE 14-10:

WAKE-UP FROM SLEEP THROUGH INTERRUPT

Q11021 Q31 Q4, Q11 Q21 Q31 Q4, Q11 Q2| Q31 Q4; Q11 Q21Q31Q4,

CLKOUT® )\  /—— . Tost®| / \ / \ / \ / :
INT pin ' ' ( ! ' ' ] ] ]
INTF flag . : f \ : , , '
(INTCON<1>) /A +_Interrupt Latency® . . .
(INTCO?\IE?EI;[ ' ' ' Processor if ' ' \ . . '
: : . Sleep : : 1 1 :
Instruction Flow | X X ' X : X X !
PC X PC X pPc+1_ X PC+2 X PC+2 X _PC+2 ¥ __ _0004h __¥___0005h .
nstruction I+ jnst(pc) = Sleep!  Inst(PC + 1) ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h)
E‘fgc”uctg%n ' Inst(PC—-1) + Sleep ) ¢ Inst(PC+1) .« Dummy Cycle . Dummy Cycle:  |nst(0004h)
Note 1: XT, HS or LP Oscillator mode assumed.

2: TosT = 1024 Tosc (drawing not to scale). This delay does not apply to EC and RC Oscillator modes.
3: GIE =1 assumed. In this case after wake-up, the processor jumps to 0004h. If GIE = 0, execution will continue in-line.
4: CLKOUT is not available in XT, HS, LP or EC Oscillator modes, but shown here for timing reference.

14.7 Code Protection

If the code protection bit(s) have not been
programmed, the on-chip program memory can be
read out using ICSP™ for verification purposes.

The entire data EEPROM and Flash
program memory will be erased when the
code protection is switched from on to off.
See the “PIC16F88X Memory
Programming Specification” (DS41287) for
more information.

Note:

14.8

Four memory locations (2000h-2003h) are designated
as ID locations where the user can store checksum or
other code identification numbers. These locations are
not accessible during normal execution but are readable
and writable during Program/Verify mode. Only the
Least Significant seven bits of the ID locations are used.

ID Locations

14.9

The PIC16F882/883/884/886/887 microcontrollers can
be serially programmed while in the end application
circuit. This is simply done with two lines for clock and
data and three other lines for:

In-Circuit Serial Programming™

* power
e ground
* programming voltage

This allows customers to manufacture boards with
unprogrammed devices and then program the micro-
controller just before shipping the product. This also
allows the most recent firmware or a custom firmware
to be programmed.

The device is placed into a Program/Verify mode by
holding the RB6/ICSPCLK and RB7/ICSPDAT pins low,
while raising the MCLR (VPP) pin from VIL to VIHH. See
the “PIC16F88X Memory Programming Specification”
(DS41287) for more information. RB7 becomes the
programming data and RB6 becomes the programming
clock. Both RB7 and RB6 are Schmitt Trigger inputs in
this mode.

After Reset, to place the device into Program/Verify
mode, the Program Counter (PC) is at location 00h. A
6-bit command is then supplied to the device.
Depending on the command, 14 bits of program data
are then supplied to or from the device, depending on
whether the command was a Load or a Read. For
complete details of serial programming, please refer to
the “PIC16F88X Memory Programming Specification”
(DS41287).

A typical In-Circuit Serial Programming connection is
shown in Figure 14-11.
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FIGURE 17-8: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
[ | |
S
TOCKI | | ||
|<————4o————>!|~ 41 - |
|
| |
|‘ 42 g
|
! i | |
S
T1CKI | T /| |
|= 45 - 46 ol |
| | |
- 47 -— 49 -
|
TMRO or |
TMR1 ﬁ<
|
TABLE 17-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Operating Temperature -40°C < TA <+125°C

PaNr:m Sym. Characteristic Min. Typt | Max. | Units Conditions
40* TTOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns
With Prescaler 10 — — ns
41* TTOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns
With Prescaler 10 — — ns
42* TTOP TOCKI Period Greater of: — — ns |N = prescale value
20 or Tcy + 40 2,4, ..., 256)
N
45* TT1H T1CKI High |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
46* TT1L T1CKI Low |Synchronous, No Prescaler 0.5Tcy +20 — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
47* TT1P T1CKI Input |Synchronous Greater of: — — ns |N = prescale value
Period 30 or Tcy + 40 (1,2,4,8)
N
Asynchronous 60 — — ns
48 FTl Timerl Oscillator Input Frequency Range — 32.768 — kHz
(oscillator enabled by setting bit TLOSCEN)
49* TCKEZTMR1 |Delay from External Clock Edge to Timer 2 Tosc — 7 Tosc — |Timers in Sync
Increment mode

*  These parameters are characterized but not tested.
t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.
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TABLE 17-10: PIC16F882/883/884/886/887 A/D CONVERTER (ADC) CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature ~ -40°C < TA < +125°C
P;a\lrc?m Sym. Characteristic Min. Typt Max. |Units Conditions
ADO1 |[NR Resolution — — 10 bits bit
ADO2 |ELL Integral Error — — 1 LSb |VREF =5.12V
ADO3 |EpL |Differential Error — — +1 LSb [No missing codes to 10 bits
VREF = 5.12V
ADO04 |EoFF |Offset Error 0 +1.5 +3.0 LSb |VREF =5.12V
ADO7 |EGN |Gain Error — — 1 LSb |VREF =5.12V
AD06 |VRer |Reference Voltage® 2.2 — — v
ADOGA 2.7 VDD Absolute minimum to ensure 1 LSb
accuracy
ADO7 |VAIN |Full-Scale Range Vss — VREF \%
ADO08 |ZAIN |Recommended — — 10 kO
Impedance of Analog
Voltage Source
ADO9* |IREF |VREF Input Current® 10 — 1000 | pA |During VAIN acquisition.
Based on differential of VHOLD to VAIN.
— — 50 pA | During A/D conversion cycle.
* These parameters are characterized but not tested.
T Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1. Total Absolute Error includes integral, differential, offset and gain errors.
2:  The A/D conversion result never decreases with an increase in the input voltage and has no missing
codes.
3:  ADC VREF is from external VREF or VDD pin, whichever is selected as reference input.
4: When ADC is off, it will not consume any current other than leakage current. The power-down current

specification includes any such leakage from the ADC module.

© 2006-2015 Microchip Technology Inc.

DS40001291H-page 257



PIC16F882/883/884/886/887

FIGURE 17-14: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)

(CKP = 1) ! , ! A /:

SDO

SDI

Note: Refer to Figure 17-3 for load conditions.

FIGURE 17-15: SPI MASTER MODE TIMING (CKE =1, SMP = 1)

ss
SCK
(CKP = 0)
! :<_71_>: - 72— .
' ! ' : . 79
LT 73— '
ScK : !
(CKP = 1) ; \
: 1 — .
L oo 78
L : o (g
SDO X‘ ! ' MSb ! X bit 6 - ;( ---1 >< LSb
o . D)
Do 175,76
SDI { Msbin  »—— bit6- % 1) LSbIn
R Ly
' 730
-
Note: Refer to Figure 17-3 for load conditions.
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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

D

\nnnnonnannon

| I ) m—
t

A1 ¢
L1 f—— L
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B
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