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PIC16F870/871

FIGURE 1-2: PIC16F871 BLOCK DIAGRAM
Device Program FLASH | Data Memory | Data EEPROM
PIC16F871 2K 128 Bytes 64 Bytes
Z— Program Counter
FLASH @ RAO/ANO
Program RA1/AN1
Memory RAM RA2/AN2/VREF-
8 Level Stack File RA3/AN3/VREF+
(13-bit) Registers RA4/TOCKI
RA5/AN4
Program
Bus RAM Addr (1) PORTB
RBO/INT
Instruction reg RB1
| Indirect RB2
i 7
‘ Direct Addr ' Addr EEi/PGM
FSR reg RB5
‘ RB6/PGC
— RB7/PGD
8 STATUS reg ‘ PORTC
RCO/T10SO/T1CKI
RC1/T10SI
RC2/CCP1
Povyer—up RC3
Timer RC4
Instruction Oscillator RC5
Decode & Start-up Timer ALU RC6/TX/CK
Control
Power-on ] > RC7/RX/DT
Reset 8 PORTD
Timing Watchdog
|X|<;:l> Generation > Timer
OSC1/CLKI Brown-out
0OSC2/CLKO Reset DX RD7/PSP7:RDO/PSPO
In-Circuit
Debugger
Low-Voltage
Programming PORTE
=[] REO/RD/ANS5
X REL/WR/ANG
MCLR VDD, Vss | RE2/CS/ANT
Timer0 Timerl Timer2 10-bit A/D
Data EEPROM CCP1 Parallel Slave Port USART
Note 1: Higher order bits are from the STATUS register.
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PIC16F870/871

2.0 MEMORY ORGANIZATION

The PIC16F870/871 devices have three memory
blocks. The Program Memory and Data Memory have
separate buses, so that concurrent access can occur,
and is detailed in this section. The EEPROM data
memory block is detailed in Section 3.0.

Additional information on device memory may be found
in the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

2.1 Program Memory Organization

The PIC16F870/871 devices have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. The PIC16F870/871 devices have
2K x 14 words of FLASH program memory. Accessing
a location above the physically implemented address
will cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-1: PIC16F870/871 PROGRAM
MEMORY MAP AND STACK
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

Stack Level 1
Stack Level 2
L]
L]
L]
Stack Level 8
RESET Vector 0000h
L]
. <::
L]
Interrupt Vector 0004h
On-Chip 0005h
Program Page 0
Memory 07FFh
0800h
1FFFh

2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RPO (STATUS<5>) are the bank select bits.

RP<1:0> Bank
00 0
01 1
10 2
11 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some “high use” Special Function
Registers from one bank may be mirrored in another
bank for code reduction and quicker access.

Note: EEPROM Data Memory description can
be found in Section 3.0 of this Data Sheet.

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or
indirectly through the File Select Register FSR.

© 2000-2013 Microchip Technology Inc.
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TABLE 4-1: PORTA FUNCTIONS

Name Bit# Buffer Function
RAO/ANO bit0 TTL Input/output or analog input.
RA1/AN1 bitl TTL Input/output or analog input.
RA2/AN2 bit2 TTL Input/output or analog input.
RA3/AN3/VREF bit3 TTL Input/output or analog input or VREF.
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0. Output is open drain type.
RAS5/AN4 bit5 TTL Input/output or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: Value on
Address| Name | Bit7 |Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR Boﬁ all other
’ RESETS
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO |--0x 0000|--0u 0000
85h TRISA — — |PORTA Data Direction Register --11 1111|--11 1111
oFh  |ADCON1|ADFM| — | — | — [PCFG3| PCFG2 [PCFG1|PCFGO |--0- 0000|--0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0".

Shaded cells are not used by PORTA.
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REGISTER 4-1: TRISE REGISTER (ADDRESS: 89h)

R-0 R-0 R/W-0 R/W-0 u-0 RW-1  RMW-1  R/W-1
IBF | oBF | 1BOV |PSPMODE | — Bit2 Bit1 BitO
bit 7 bit 0
bit 7 Parallel Slave Port Status/Control Bits

IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received

bit 6 OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word
0 = The output buffer has been read

bit 5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1 = A write occurred when a previously input word has not been read
(must be cleared in software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit

1 = Parallel Slave Port mode
0 = General Purpose I/O mode

bit 3 Unimplemented: Read as '0'
PORTE Data Direction Bits

bit 2 Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output

bit 1 Bit1: Direction Control bit for pin RE1/WR/AN6
1 = Input
0 = Output

bit 0 Bit0: Direction Control bit for pin REO/RD/ANS
1 = Input
0 = Output

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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6.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMRL1 interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit, TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit, TMR1IE (PIE1<0>).

Timerl can operate in one of two modes:

* As atimer
¢ As a counter

The Operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timerl can be enabled/disabled by setting/clearing
control bit, TMR1ON (T1CON<0>).

Timerl also has an internal “RESET input’. This
RESET can be generated by either of the two CCP
modules (Section 8.0). Register 6-1 shows the Timerl
control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored, and these pins read as ‘0'.

Additional information on timer modules is available in
the PIC® Mid-Range MCU Family Reference Manual
(DS33023).

REGISTER 6-1:  T1CON: TIMER1 CONTROL REGISTER (ADDRESS: 10h)
U-0 U-0 RW-0  R/W-0 R/W-0 RW-0 RMW-0  R/W-0
— — | T1cKPS1]T1CKPSO| T1OSCEN |TISYNC|TMRLCS |TMRLON
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0'

bit 5-4 T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T10OSCEN: Timerl Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

When TMRICS = 1.

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMRICS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

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

© 2000-2013 Microchip Technology Inc.

DS30569C-page 49



PIC16F870/871

8.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:

» 16-bit Capture register
» 16-bit Compare register
 PWM Master/Slave Duty Cycle register

Table 8-1 shows the resources and interactions of the
CCP module. In the following sections, the operation of
a CCP module is described.

8.1 CCP1 Module

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. The special event trigger is
generated by a compare match and will reset Timerl
and start an A/D conversion (if the A/D module is
enabled).

Additional information on CCP modules is available in
the PIC® Mid-Range MCU Family Reference Manual
(DS33023) and in application note AN594, “Using the
CCP Modules” (DS00594).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

REGISTER 8-1: CCP1CON REGISTER REGISTER (ADDRESS: 17h/1Dh)
u-0 u-0 RIW-0  R/W-0 RIW-0 RW-0  RMW-0  R/W-0
— — CCP1X | ccPiy | CCPIM3 |CCP1M2 | CCP1ML | CCP1MO
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0'

bit 5-4 CCP1X:CCP1Y: PWM Least Significant bits

Capture mode:
Unused

Compare mode:
Unused

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L.
bit 3-0 CCP1M3:CCP1MO0: CCP1 Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCP1 module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bit is set)

1001 = Compare mode, clear output on match (CCPL1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is

unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set, CCP1 pin is unaffected);
CCP1resets TMR1, and starts an A/D conversion (if A/D module is enabled)

11xx = PWM mode

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

© 2000-2013 Microchip Technology Inc.
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9.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O modules. (USART is also known as a Serial Com-
munications Interface or SCI.) The USART can be con-
figured as a full duplex asynchronous system that can

The USART can be configured in the following modes:
» Asynchronous (full-duplex)

» Synchronous - Master (half-duplex)

« Synchronous - Slave (half-duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have to
be set in order to configure pins RC6/TX/CK and

RC7/RX/DT as the Universal Synchronous
Asynchronous Receiver Transmitter.

The USART module also has a multi-processor

communicate with peripheral devices, such as CRT ter- communication  capability —using 9-bit address
minals and personal computers, or it can be configured detection.
as a half-duplex synchronous system that can commu-
nicate with peripheral devices, such as A/D or D/A
integrated circuits, serial EEPROMSs, etc.
REGISTER 9-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS: 98h)
R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN | SYNC — | BRGH | TRMT | Tx9D
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don't care
Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit

1 = Transmit enabled
0 = Transmit disabled

Note:  SREN/CREN overrides TXEN in Sync mode.

bit 4 SYNC: USART Mode Select bit

1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as 'O’

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode:
1 = High speed

0 = Low speed
Synchronous mode:
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

bit 0 TX9D: 9th bit of Transmit Data, can be parity bit
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

© 2000-2013 Microchip Technology Inc.
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When setting up an Asynchronous Transmission, 5. Enable the transmission by setting bit TXEN,
follow these steps: which will also set bit TXIF.
1. Initialize the SPBRG register for the appropriate 6. If 9-bit transmission is selected, the ninth bit
baud rate. If a high speed baud rate is desired, should be loaded in bit TX9D.
set bit BRGH (Section 9.1). 7. Load data to the TXREG register (starts
2. Enable the asynchronous serial port by clearing transmission).
bit SYNC and setting bit SPEN. 8. If using interrupts, ensure that GIE and PEIE
3. If interrupts are desired, then set enable bit (bits 7 and 6) of the INTCON register are set.

TXIE.
4. If 9-bit transmission is desired, then set transmit

bit TX9.
FIGURE 9-2: ASYNCHRONOUS MASTER TRANSMISSION
Write to TXREG I (¢
BRG Output Wogd !
(Shift cmgk) — L 1 I 1 I 55_1 I 1 -
RCB/TX/CK (pin - ! '
(pin) '+ N\START Bit Bit0 X Bitl ><:55 X __Bit7/8 ,/STOP Bit ,
TXIF bit Do Word 1 - :
Transmit Buffer ' cc '
eg. Empty Flag) |_| JJ '
TRMT bit Word1 — = '
Transmit Shift Transmit Shift Reg )
eg. Empty Flag) -]
cc |
JJ
FIGURE 9-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)
Write to TXREG I I 55
Word 2
BRG Qutput | V\llord l| LT | LT | | |
(Shift Clock) SS_I 1
RCBITXICK (pin) N\START Bit < _Bit0 X__BitT BiL 7/8_/STOP BIt\START Bit CBit0
TXIF bit L Word 1 | Word 2
(Interrupt Reg. Flag) U | 55
Transmit Shift it Shi Word2 ——
eg. Emlpty Ilzlag) Transmit Shift Reg. Transmit Shift Reg.
(C
JJ
Note: This timing diagram shows two consecutive transmissions.
TABLE 9-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
value on: Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOIIQ all other
' RESETS
0Bh, 8Bh, |[INTCON GIE PEIE TOIE INTE | RBIE TOIF INTF ROIF 0000 000x [ 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFD | ADIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA SPEN RX9 | SREN | CREN — FERR | OERR RX9D | 0000 -00x | 0000 -00x
19h TXREG |USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous transmission.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F870; always maintain these bits clear.
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9.3 USART Synchronous
Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition, enable bit SPEN (RCSTA<7>) is set in order
to configure the RC6/TX/CK and RC7/RX/DT 1/O pins
to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

9.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 9-6. The heart of the transmitter is the Transmit
(Serial) Shift register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one TcycLE), the TXREG is empty and inter-
rupt bit TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. TRMT is a read
only bit which is set when the TSR is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.
The TSR is not mapped in data memory, so it is not
available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 9-9). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 9-10). This is advantageous when slow
baud rates are selected, since the BRG is kept in
RESET when bits TXEN, CREN and SREN are clear.
Setting enable bit TXEN will start the BRG, creating a
shift clock immediately. Normally, when transmission is
first started, the TSR register is empty, so a transfer to
the TXREG register will result in an immediate transfer
to TSR, resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to hi-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a hi-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic, however, is not
reset, although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting, since bit TXEN is still
set. The DT line will immediately switch from Hi-
Impedance Receive mode to transmit and start driving.
To avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 9.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

3. Ifinterrupts are desired, set enable bit TXIE.

4. If 9-bit transmission is desired, set bit TX9.

5. Enable the transmission by setting bit TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.
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NOTES:
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REGISTER 10-2: ADCON1 REGISTER (ADDRESS: 9Fh)

U-0 U-0 RIW-0 U-0 RW-0  RMW-0  RMW-0  RM-0
ADFM — | — | — | Ppcre3 | PCFG2 | PCFGL | PCFGO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0’.
0 = Left justified. 6 Least Significant bits of ADRESL are read as ‘0’

bit 6-4 Unimplemented: Read as '0'
bit 3-0 PCFG3:PCFGO0: A/D Port Configuration Control bits:

PCFG3: | AN7® | AN6™ [ AN | AN4 | AN3 | AN2 | AN1 | ANO CHAN/
PCFGO | RE2 | RE1 | REO | RA5 | RA3 | RA2 | RA1 | RAQ | VREF' | VREF | pets@
0000 A A A A A A A A VDD | Vss 8/0
0001 A A A A | VREF+ | A A A RA3 | Vss 711
0010 D D D A A A A A VDD Vss 5/0
0011 D D D A | VREF+ | A A A RA3 | Vss a1
0100 D D D D A D A A VDD Vss 3/0
0101 D D D D | VReF+ | D A A RA3 | Vss 2/1
011x D D D D D D D D VDD | Vss 0/0
1000 A A A A | VREF+ | VREF- | A A RA3 | RA2 6/2
1001 D D A A A A A A VDD Vss 6/0
1010 D D A A | VREF+ | A A A RA3 | Vss 5/1
1011 D D A A | VREF+ | VREF- | A A RA3 | RA2 412
1100 D D D A | VREF+ | VREF- | A A RA3 | RA2 312
1101 D D D D | VREF+ | VREF- | A A RA3 | RA2 212
1110 D D D D D D D A VDD | Vss 1/0
1111 D D D D | VREF+ | VREF-| D A RA3 | RA2 1/2

A = Analog input D = Digital /10

Note 1: These channels are not available on the PIC16F870 device.

2: This column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

Legend:

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

- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
The ADRESH:ADRESL registers contain the 10-bit To determine sample time, see Section 10.1. After this
result of the A/D conversion. When the A/D conversion acquisition time has elapsed, the A/D conversion can
is complete, the result is loaded into this A/D result reg- be started.

ister pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block
diagram of the A/D module is shown in Figure 10-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.
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10.5 A/D Operation During SLEEP

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from
SLEEP. If the A/D interrupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit will
remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To allow the con-
version to occur during SLEEP, ensure the

SLEEP instruction immediately follows the

instruction that sets the GO/DONE bit.

10.6 Effects of a RESET

A device RESET forces all registers to their RESET
state. This forces the A/D module to be turned off, and
any conversion is aborted. All A/D input pins are
configured as analog inputs.

The value that is in the ADRESH:ADRESL registers is
not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

TABLE 10-2: REGISTERS/BITS ASSOCIATED WITH A/D
. . . . . . . . Value on Value on
Address Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR MCLR,
WDT

0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x [ 0000 000u
10Bh,18Bh

0Ch PIR1 PSPIFD | ADIF | RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 [ 0000 -000
8Ch PIE1L PSPIE® | ADIE | RCIE TXIE — CCP1lIE | TMR2IE | TMRI1IE | 0000 -000 | 0000 -000
1Eh ADRESH | A/D Result Register High Byte XXXX XXXX |uuuu uuuu
9Eh ADRESL | A/D Result Register Low Byte XXXX XXXX |uuuu uuuu
1Fh ADCONO | ADCS1 | ADCSO| CHS2 | CHS1 | CHSO |GODONE| — | ADON |0000 00-0 {0000 00-0
9Fh ADCON1 | ADFM — — — PCFG3 | PCFG2 | PCFG1 | PCFGO | --0- 0000 |--0- 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111
05h PORTA — — PORTA Data Latch when written: PORTA pins when read --0x 0000 |--0u 0000
89h® TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction bits 0000 -111 {0000 -111
09h® PORTE — — — — — RE2 | REL | REO |---- -xox|---- -uuu
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used for A/D conversion.

Note 1:

These registers/bits are not available on the 28-pin devices.

© 2000-2013 Microchip Technology Inc.

DS30569C-page 85




PIC16F870/871

REGISTER 11-1: CONFIGURATION WORD (ADDRESS 2007h)®

| cp1 | cpo [DEBUG| — |WRT|cPD|LVP | BOREN | CP1 | CPO |PWRTEN |WDTEN | FOSCL [ FOSCO |
bit 13 bit 0
bit 13-12, CP1:CPO: FLASH Program Memory Code Protection bits®

bit 5-4 11 = Code protection off

10 = Not supported
01 = Not supported
00 = Code protection on
bit 11 DEBUG: In-Circuit Debugger Mode
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose 1/O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger
bit 10 Unimplemented: Read as ‘1’
bit 9 WRT: FLASH Program Memory Write Enable
1 = Unprotected program memory may be written to by EECON control
0 = Unprotected program memory may not be written to by EECON control
bit 8 CPD: Data EE Memory Code Protection
1 = Code protection off
0 = Data EEPROM memory code protected
bit 7 LVP: Low Voltage In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function, low voltage programming enabled
0 = RB3 is digital I/O, HV on MCLR must be used for programming
bit 6 BOREN: Brown-out Reset Enable bit(®
1 = BOR enabled
0 = BOR disabled
bit 3 PWRTEN: Power-up Timer Enable bit(®
1 = PWRT disabled
0 = PWRT enabled
bit 2 WDTEN: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled
bit 1-0 FOSC1:FOSCO: Oscillator Selection bits

11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

Note 1: The erased (unprogrammed) value of the configuration word is 3FFFh.
2: All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.

3: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT), regardless of the value of bit
PWRTEN. Ensure the Power-up Timer is enabled any time Brown-out Reset is enabled.
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FIGURE 11-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
VoD —/

MCLR

INTERNAL POR ‘

TPWRT

PWRT TIME-OUT = TosT -

OST TIME-OUT

INTERNAL RESET ‘

FIGURE 11-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
VDD —/

MCLR

INTERNAL POR ‘ :
: TPWRT

PWRT TIME-OUT 1 <—TosT—>

OST TIME-OUT

INTERNAL RESET

FIGURE 11-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD —/ :
MCLR — K

INTERNAL POR ‘ !

'
' TPWRT

PWRT TIME-OUT < ToST—>

OST TIME-OUT

INTERNAL RESET
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FIGURE 11-11: WAKE-UP FROM SLEEP THROUGH INTERRUPT
. Q11 Q2| Q31 Q4; Q11 Q2] Q3| Q4 Q1l : . Q11 Q21 @31 Q4, Q11 Q2 @3/ 4, Q1l Q2 Q31 Q4; Q11Q21Q3| Q4
osc1 (AVAWA WA AWAWAWAW ; ' ' ' '
cLko® | 1\ I\ L Tost® | / \ A / N e
NTpin | : | I | : : !
| : g — ' | ' |
I('I\‘N-I—'I":C'g?\%l>) / : . \Interrupt Latency® . )
GEbL : : TH— — : :
(INTCON<7>), X Processor in, ! ! : . !
X . . SLEEP . . X . X
INSTRUCTION FLOW : : : f : 1 : 1
PC X BC ¥ PcH X PCi2 X PC+2 ¥ PC+2 X ___0004nh X __0006h .
Poaheton 1 Inst(PC) = SLEEP  Inst(PC +1) ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h)
?féguu(;(g%ﬂ {: Inst(PC - 1) : SLEEP : : Inst(PC + 1) : Dummy cycle : Dummy cycle: Inst(0004h) :
XT, HS or LP Oscillator mode assumed.

Note 1:

hwn

TosT = 1024 Tosc (drawing not to scale). This delay will not be there for RC Osc mode.
GIE = 1 assumed. In this case, after wake- up, the processor jumps to the interrupt routine. If GIE = 0, execution will continue in-line.
CLKO is not available in these Osc modes, but shown here for timing reference.

11.14 In-Circuit Debugger

When the DEBUG bit in the configuration word is pro-
grammed to a '0', the In-Circuit Debugger functionality
is enabled. This function allows simple debugging func-
tions when used with MPLAB® ICD. When the micro-
controller has this feature enabled, some of the
resources are not available for general use. Table 11-8
shows which features are consumed by the
background debugger.

TABLE 11-8: DEBUGGER RESOURCES
1/0 pins RB6, RB7
Stack 1 level

Address 0000h must be NOP
Last 100h words

0x070 (0xOF0, 0x170, Ox1FO)
OX1EB - OX1EF

Program Memory

Data Memory

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VpPP, VDD, GND,
RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip, or one of
the third party development tool companies.

11.15 Program Verification/Code
Protection

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

11.16

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 read-
able and writable during program/verify. It is recom-
mended that only the 4 Least Significant bits of the ID
location are used.

ID Locations
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FIGURE 14-1: PIC16FXXX VOLTAGE-FREQUENCY GRAPH
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FIGURE 14-2: PIC16LFXXX VOLTAGE-FREQUENCY GRAPH

6.0V
5.5V
5.0V
4.5V
4.0V
3.5V
3.0V
2.5V
2.0V~

Voltage

4 MHz 10 MHz 20 MHz

Frequency
Equation 1: FMAX = (6.0 MHz/V) (VDDAPPMIN — 2.0V) + 4 MHz; VDDAPPMIN = 2.0V - 3.0V
Equation 2: FMAX = (10.0 MHz/V) (VDDAPPMIN — 3.0V) + 10 MHz; VDDAPPMIN = 3.0V - 4.0V

Note 1: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
2: FMAX has a maximum frequency of 10 MHz.
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FIGURE 15-19: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VDD = 3V, -40°C TO 125°C)
3.0
Typical: statistical mean @ 25°C
2.5 1 Maximum: mean + 3o (-40°C to 125°C)
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FIGURE 15-20: MINIMUM AND MAXIMUM VIN vs. VDD, (TTL INPUT, -40°C TO 125°C)
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APPENDIX A: REVISION HISTORY

Revision A (December 1999)
Original data sheet for the PIC16F870/871 family.

Revision B (April 2003)

This revision includes the DC and AC Characteristics
Graphs and Tables. The Electrical Specifications in
Section 14.0 have been updated and there have been
minor corrections to the data sheet text.

Revision C (January 2013)

Added a note to each package outline drawing.

TABLE B-1: DEVICE DIFFERENCES

APPENDIX B:

DEVICE
DIFFERENCES

The differences between the devices listed in this data
sheet are shown in Table B-1.

Feature PIC16F870 PIC16F871
On-chip Program Memory (Kbytes) 2K 2K
Data Memory (bytes) 128 128
Boot Block (bytes) 2048 512
Timerl Low Power Option Yes No
1/0 Ports Ports A, B, C Ports A,B,C,D, E
A/D Channels 5 8
External Memory Interface No No
Package Types 28-pin DIP, SOIC, SSOP 40-pin PDIP, 44-pin PLCC, TQFP
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Interrupts, Enable Bits

Global Interrupt Enable (GIE Bit) .........cccccoeveenieenne 18, 96
Interrupt-on-Change (RB7:RB4) Enable
(RBIE Bit) c.ee it 18, 97

Peripheral Interrupt Enable (PEIE Bit) . .18

RBO/INT Enable (INTE Bit) ............... ...18

TMRO Overflow Enable (TOIE Bit)........ccccoevevreiiennenns 18
Interrupts, Flag Bits

Interrupt-on-Change (RB7:RB4)

Flag (RBIF Bit) ..cccoooviiiiiiiieiiieiieieee 18, 35, 97

RBO/INT Flag (INTF Bit).....ccccovveiiieiiieiiciiieceeeiee e 18

TMRO Overflow Flag (TOIF Bit) .....ccccvvvveriiereriieeenes 97
L
Loading Of PC ......ooiiiiiie e 24
Low Voltage In-Circuit Serial Programming................ 87,102
M
Master Clear (MCLR)

MCLR Reset, Normal Operation.............ccccceeuveeen. 91, 93

MCLR Reset, SLEEP.......cccccociiiiiiiiiiiieceeee 91, 93
MCLR/VPPITHV PiN oot 7,8
Memory Organization

Data Memory ........

Program Memory
Migration from High-End to Enhanced Devices................ 159
Migration from Mid-Range to Enhanced Devices ............. 158
MPLAB ASM30 Assembler, Linker, Librarian ................... 112
MPLAB ICD 2 In-Circuit Debugger ..........ccceeveveeeniineennne. 113
MPLAB ICE 2000 High Performance Universal

In-Circuit EMUIator ..........ccccevviiiiiniiiiieece e 113
MPLAB ICE 4000 High Performance Universal

In-Circuit EMUulator ..........ccccevviiiiiniiiiiesiece e 113
MPLAB Integrated Development

Environment Software............c.ccocoviiiiiiiiici, 111
MPLINK Object Linker/MPLIB Object Librarian ................ 112
O
OPCODE Field DeSCriptions ..........ccccecviiiieiicieenieeiens 103
OPTION .ottt 15
OPTION REQISIEN ...cciiiiiiiiiiiie ettt 15
OPTION_REG REQISEr .....covviiiiiiiiieiiiciieerie e 14,17

INTEDG Bit ..o s 17

PSA Bl s 17

RBPU Bit.viieiieiieieciie e 17

TOCS Bit .17

TOSE Bit. .17
OSCL/CLKI PN ittt 7,8
OSC2/CLKO PiN ..o 7,8
Oscillator Configuration..............ccveeeieeiieeeniie e 87

HS e 89, 92

LP s 89, 92

RC... .89, 90, 92

XT e ... 89,92
OSCIllator, WDT ...t 99
Oscillators

Capacitor Selection...........coccevveiiieiieniiieie e 90

Crystal and Ceramic ResoNnators ...........cccoeeeeeiuveeennnes 89

RC s 90

P
PaCKAGING . ..veeieeeeeie et 149
Marking Information...........c.cccceveiiniciiieiieceenees 149
Parallel Slave Port (PSP)........ccccooviniiiniciiicnicce 9, 38, 42
Associated REJISIErS.........eviviieiriiiee e 43
REO/RD/ANS Pin ... 41, 42
RE1/WR/ANG Pin .... 41, 42
RE2/CS/ANT PiN .ot 41, 42
Select (PSPMODE Bit) ......cccovevereneennns 38, 39, 40, 42
PCL REJIStEr ....vveiiiiiiiiiiceie et 13, 14, 15, 24
PCLATH REQISIEr ...cveiveiieeieeececenece e 13, 14,15, 24
PCON REQISLEN .....cuviiiiiiiiciiciieeeceee e 14, 15, 92
BOR Bil......ovveciiaieiiiieseeieeenseies s 23
POR Bit....cooveoerrieenne. .23
PICkit 1 FLASH Starter Kit.. .. 115
PICSTART Plus Development Programmer..................... 113
PIEL REQISLEN ...t e 14,15
PIE2 REQISIET ...eeieiiiieieciiceeeee e 14, 15
Pinout Descriptions
PICLBF8T70 ..o 7
PICLOF8TL ...ttt 8

PIR1 Register ..
PIR2 Register ..

Associated RegiSters.........ccocviviiniiiiiic e
PORTA REQISEr ...ttt
RAO/AND PiN .o

RA1/AN1 Pin ..............
RA2/AN2/VREF- Pin....
RA2/AN2/VREF- Pin....
RA3/AN3/VREF+ PiN ..

RA3/AN3/VREF+ PiN ..o 8
RAAITOCKI PiN .o 7,8
RAS/ANZ PiN it 7,8
TRISA Register..

PORTA Register .. .. 13
PORTB ...ccoeecvveiieen . 7,8
PORTB REQIStEr........ccviiiiiiiiieiieiie e 35
Pull-up Enable (RBPU Bit)........cccocovveiiniiiieiiee e 17
RBO/INT Edge Select (INTEDG Bit) .......cccceevvirninenen. 17
RBO/INT PiN.cciiiiiiiiiiciieccie e 7,8
RBO/INT Pin, EXternal ............ccoeoeiiiiiiiiiiiien, 97
RBL PN oo 7,8
RB2 Pin ...... . 7,8
RB3/PGM Pin. . 7,8
RB4 Pin ...... . 7,8
RBS5 PiN .o 7,8
RB6/PGC PiN.....oouviiiiiiiiiiiiiiic s 7,8
RB7/PGD PiN...ociiiiiiiiciiiciit et 7,8
RB7:RB4 Interrupt-on-Change ..........c.ccovveevieinennnn. 97
RB7:RB4 Interrupt-on-Change
Enable (RBIE Bit) ......ccceevviniiieiieiiic e 18, 97
RB7:RB4 Interrupt-on-Change
Flag (RBIF Bit).......ccoviviiiiiiiicciice 18, 35, 97
TRISB REQISIEr.....cciiiiiiiiiiiie ettt 35
PORTB REQISIEr ......eiiiiiiiiiiieeciie e 13,15
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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