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PIC16F87X

Key Features

PIC® MCU Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASH Program Memor
(14-bi?words) ’ aK aK 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
1/0 Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
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Timing Watchdog
|X|<;:l> Generation <= Timer PORTD
OSC1/CLKIN Brown-out RDO/PSPO
OSC2/CLKOUT Reset b RD1/PSP1
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Note 1: Higher order bits are from the STATUS register.
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2.2.2

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

SPECIAL FUNCTION REGISTERS

given in Table 2-1.

The Special Function Registers can be classified into

two sets: core (CPU) and peripheral. Those registers

peripheral features section.

associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY

Value on: | Details

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, on
BOR page:
Bank 0
00h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
01lh TMRO TimerO Module Register XXXX XXXX 47
02h®) PCL Program Counter (PC) Least Significant Byte 0000 0000 26
03n®  [staTUS rRp | R | R0 | TO PD z | pc | ¢ Jooor ixxx| 18
04h®) FSR Indirect Data Memory Address Pointer XXXX XXXX 27
05h PORTA = | = | PORTA Data Latch when written: PORTA pins when read --0x 0000 29
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXK XXXX 31
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXK XKXXX 33
08h*) PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX 35
09h™ PORTE — — — — — RE2 RE1 REO |---- -xxx| 36
0AhL3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
0Bh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
0Ch PIR1 PSPIF®) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 22
0Dh PIR2 — (5) — EEIF BCLIF = = CCP2IF | -r-0 0--0 24
OEh TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX 52
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 52
10h T1CON — | —  Tmickps1] Tickpso | Ti0scen| Tisync | TMRics | TMRION | =00 oooo| 51
11h TMR2 Timer2 Module Register 0000 0000 55
12h T2CON — | 1outpss | Toutpsz] Toutps | TouTPso | TMR20N | T2ckPs1 | T2ckPS0 | -000 0000 | 55
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxX xxxx | 70,73
14h SSPCON wcoL | sspov | sspEN | ckp | sspm3 | sspm2 | ssPmi | ssPmo [o0000 oooo| 67
15h CCPRI1L Capture/Compare/PWM Registerl (LSB) XXXX XXXX 57
16h CCPR1H Capture/Compare/PWM Registerl (MSB) XXXX XXXX 57
17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 | CCP1MO | --00 0000 58
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 96
19h TXREG USART Transmit Data Register 0000 0000 99
1Ah RCREG USART Receive Data Register 0000 0000 101
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) XXXX XXXX 57
1Ch CCPR2H Capture/Compare/PWM Register2 (MSB) XXXX XXXX 57
1Dh CCP2CON — | — ] ccpax | ccpay | ccpams | ccpemz | ccpami | ccpemo [ --00 o000 | 58
1Eh ADRESH A/D Result Register High Byte XXXK XKXXX 116
1Fh ADCONO Apcs: | apcso | cHs2z | cHst | cHso | GomoNE| — | ApoN [o0o000 0o-of 11
Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose

arwn

contents are transferred to the upper byte of the program counter.

Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

These registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0'.
PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

© 1998-2013 Microchip Technology Inc.
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22.2.8 PCON Register

The Power Control (PCON) Register contains flag bits
to allow differentiation between a Power-on Reset
(POR), a Brown-out Reset (BOR), a Watchdog Reset
(WDT), and an external MCLR Reset.

Note:

BOR is unknown on POR. It must be set by
the user and checked on subsequent
RESETS to see if BOR is clear, indicating
a brown-out has occurred. The BOR status
bit is a “don’t care” and is not predictable if
the brown-out circuit is disabled (by clear-
ing the BODEN bit in the configuration
word).

REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
u-0 u-0 uU-0 u-0 u-0 R/W-0 R/W-1
- | = | = | — — POR BOR
bit 7 bit 0
bit 7-2 Unimplemented: Read as '0'

bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

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

© 1998-2013 Microchip Technology Inc.
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REGISTER 3-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

TRISE REGISTER (ADDRESS 89h)

R-0 R-0 R/W-0 RIW-0 u-0 RW-1  RMW-1  RMW-1
BF | oBF | 1BOV |PSPMODE| — Bit2 Bit1 BitO
bit 7 bit 0

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
OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word

0 = The output buffer has been read

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
PSPMODE: Parallel Slave Port Mode Select bit
1 = PORTD functions in Parallel Slave Port mode
0 = PORTD functions in general purpose 1/0 mode
Unimplemented: Read as '0'
PORTE Data Direction Bits:
Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output
Bit1: Direction Control bit for pin RE1/WR/AN6
1 = Input
0 = Output
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

© 1998-2013 Microchip Technology Inc.
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4.2 Reading the EEPROM Data
Memory

Reading EEPROM data memory only requires that the
desired address to access be written to the EEADR
register and clear the EEPGD bit. After the RD bit is set,
data will be available in the EEDATA register on the
very next instruction cycle. EEDATA will hold this value
until another read operation is initiated or until it is writ-
ten by firmware.

The steps to reading the EEPROM data memory are:

1. Write the address to EEDATA. Make sure that
the address is not larger than the memory size
of the PIC16F87X device.

2. Clear the EEPGD bit to point to EEPROM data
memory.

3. Setthe RD bit to start the read operation.
4. Read the data from the EEDATA register.

EXAMPLE 4-1: EEPROM DATA READ
BSF STATUS, RP1 ;
BCF STATUS, RPO ;Bank 2

MOVF ADDR, W
MOVWF EEADR

;Write address
;to read from

BSF STATUS, RPO ;Bank 3
BCF EECON1, EEPGD ;Point to Data memory
BSF EECON1, RD ;Start read operation
BCF STATUS, RPO ;Bank 2

MOVF EEDATA, W ;W = EEDATA

4.3 Writing to the EEPROM Data
Memory

There are many steps in writing to the EEPROM data
memory. Both address and data values must be written
to the SFRs. The EEPGD bit must be cleared, and the
WREN bit must be set, to enable writes. The WREN bit
should be kept clear at all times, except when writing to
the EEPROM data. The WR bit can only be set if the
WREN bit was set in a previous operation, i.e., they
both cannot be set in the same operation. The WREN
bit should then be cleared by firmware after the write.
Clearing the WREN bit before the write actually com-
pletes will not terminate the write in progress.

Writes to EEPROM data memory must also be pref-
aced with a special sequence of instructions, that pre-
vent inadvertent write operations. This is a sequence of
five instructions that must be executed without interrup-
tions. The firmware should verify that a write is not in
progress, before starting another cycle.

The steps to write to EEPROM data memory are:

1. |If step 10 is not implemented, check the WR bit
to see if a write is in progress.

2. Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the PIC16F87X device.

3. Write the 8-bit data value to be programmed in
the EEDATA register.

4. Clear the EEPGD bit to point to EEPROM data
memory.

5. Setthe WREN bit to enable program operations.

Disable interrupts (if enabled).

7. Execute the special five instruction sequence:

« Write 55h to EECONZ2 in two steps (first to W,
then to EECON2)

* Write AAh to EECON2 in two steps (first to
W, then to EECON2)

» Set the WR bit

8. Enable interrupts (if using interrupts).

9. Clear the WREN bit to disable program opera-
tions.

10. At the completion of the write cycle, the WR bit
is cleared and the EEIF interrupt flag bit is set.
(EEIF must be cleared by firmware.) If step 1 is
not implemented, then firmware should check
for EEIF to be set, or WR to clear, to indicate the
end of the program cycle.

o

EXAMPLE 4-2: EEPROM DATA WRITE
BSF STATUS, RP1 ;

BSF STATUS, RPO ;Bank 3

BTFSC EECON1, WR ;Wait for

GOTO $-1 ;write to finish
BCF STATUS, RPO ;Bank 2

MOVF ADDR, W ;Address to

MOVWF EEADR ;write to
MOVF VALUE, W ;Data to
MOVWF EEDATA ;write
BSF STATUS, RPO ;Bank 3
BCF EECON1, EEPGD ;Point to Data memory
BSF EECON1, WREN ;Enable writes
;0nly disable interrupts
BCF INTCON, GIE ;if already enabled,

;otherwise discard

MOVLW 0x55 ;jWrite 55h to

MOVWF EECON2 ; EECON2

MOVLW OxAA ;Write AAh to

MOVWF EECON2 ; EECON2

BSF EECON1, WR ;Start write operation
;0nly enable interrupts

BSF INTCON, GIE ;if using interrupts,
jotherwise discard

BCF EECON1, WREN ;Disable writes

© 1998-2013 Microchip Technology Inc.
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NOTES:
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9.2.18.3 Bus Collision During a STOP
Condition

Bus collision occurs during a STOP condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is sam-
pled low before SDA goes high.

The STOP condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the baud rate generator is loaded with SSPADD<6:0>
and counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data '0'. If the SCL pin is sampled low before
SDA is allowed to float high, a bus collision occurs. This
is a case of another master attempting to drive a data
'0" (Figure 9-25).

FIGURE 9-25: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG ‘ TBRG | SDA sampled
low after TBRG,
________________ Set BCLIF
SDA
!
SDA asserted low
SCL
PEN 4 L
BCLIF
P 0 0
SSPIF o 0
FIGURE 9-26: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG ‘ TBRG ‘
SDA
TAssert SDA SCL goes low before SDA goes high,
/ Set BCLIF

SCL \
PEN
BCLIF
P 0
SSPIF 0

© 1998-2013 Microchip Technology Inc.
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TABLE 10-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on: Value on all
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS

0Bh, 8Bh, |INTCON GIE PEIE TOIE | INTE | RBIE TOIF INTF ROIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFY | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF 0000 0000 | 0000 0000
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 | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
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, read as '0'. Shaded cells are not used for synchronous master transmission.

Note 1: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

FIGURE 10-9: SYNCHRONOUS TRANSMISSION
otlgofoserfodedodolodedodofordodotodeded  [odes aodudedatodosdarziodoscifodedololodededarordusior
RC7/RX/DT pin : X : bit 0 < : bit T X : bit 2> S : bit 7 : bit 0 I bit T : SDCEE
! . Word 1 . - Word 2 . L e
RCBITX/CK pin : [ I . S s IS s IS o S oy N o § G |
Write to | : : : : : : : .
TXREG M : I : (¢ : : : ; (¢ '
feg- Wrilte Word1 : Writ.e Word2 : 2 : : : : )) :
(Ingafgtfp?lltzlag) ' : ' : )()( i i : X )()( :
weTh —— Lo
\ \ \ \ JJ \ \ \ l JJ \
TXEN bit : : ' ' { ' ' : : {§ ' =
Note: Sync Master mode; SPBRG ='0". Continuous transmission of two 8-bit words.

FIGURE 10-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X w0 X pin X bi2 § X be X b
RC6/TX/CK pin 4/—\_/—\_/—\” Vam\
TXRI\EA(lsritSetg j ( g :
: ) :
TXIF bit g >/
TRMT bit j dé
'
TXEN bit ))
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FIGURE 10-11:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

02|Q3|04|011Q2|03|Q4Qﬂl02|QS|04|01|0403|Q401104Q3|Q4|Q]l04040401102|QS|Q4IQJI0404Q4|Q40403|Q4IQJI02|Q3|Q4IQJIQZIO#Q4I

RC7/RX/DT pin

>< bit0 >< bitl

b|t2 >< bit3 >< \bit4

b|t5 >< b|t6 >< bit7

RC6/TX/CK pin . | j | [ : | | : |

Write to

bit SREN l

SREN bit — . f f I

CREN bit -9

RCIF bit

(Interrupt)
Read

RXREG ' ' ' '

Note: Timing diagram demonstrates SYNC Master mode with bit SREN =

'1' and bit BRG ='0".

10.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RC6/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

10.4.1 USART SYNCHRONOUS SLAVE

TRANSMIT

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP mode.

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

a) The first word will immediately transfer to the
TSR register and transmit.

The second word will remain in TXREG register.
Flag bit TXIF will not be set.

When the first word has been shifted out of TSR,
the TXREG register will transfer the second word
to the TSR and flag bit TXIF will now be set.

b)
c)
d)

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-

rupt vector (0004h).

When setting up a Synchronous Slave Transmission,
follow these steps:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

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

5. Enable the transmission by setting enable 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.

TABLE 10-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

value on: Value on all

Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR Boﬁ other
’ RESETS

0Bh, 8Bh, |INTCON GIE PEIE | TOIE | INTE RBIE TOIF INTF ROIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF® | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D |0000 000x | 0000 000x
19h TXREG |USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRIIE [ 0000 0000 |0000 0000
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, read as '0'. Shaded cells are not used for synchronous slave transmission.
Note 1: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.
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11.4 A/D Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion
is aborted, a 2TAD wait is required before the next

FIGURE 11-3:

acquisition is started. After this 2TAD wait, acquisition
on the selected channel is automatically started. The
GO/DONE bit can then be set to start the conversion.

In Figure 11-3, after the GO bit is set, the first time seg-
ment has a minimum of Tcy and a maximum of TAD.

The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note:

A/D CONVERSION Tab CYCLES

Tcyto TAD, TAD1 | TAD2 | TAD3 | TAD4  TaD5  TaD6  TaD7 | TAD8 & Tap9 TAD10 TAD1l

T b9 b8 b7 b6

Conversion starts

Set GO bit

Holding capacitor is disconnected from analog input (typically 100 ns)

b5 b4 b3 b2 bl b0

ADRES is loaded

GO bit is cleared

ADIF bit is set

Holding capacitor is connected to analog input

1141 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result justi-
fication. The extra bits are loaded with '0’s’. When an
A/D result will not overwrite these locations (A/D dis-
able), these registers may be used as two general
purpose 8-bit registers.

FIGURE 11-4: A/D RESULT JUSTIFICATION
10-bit Result
ADFM = 1 ADFM =0
, N . A
7 2107 0 7 0765 0
000000 . . 0000 00
~ 8 ~ ’ ~ ~ ~ !
ADRESH ADRESL ADRESH ADRESL
~" - = ~" ~
10-bit Result 10-bit Result
Right Justified Left Justified
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11.5 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
module will then be turned off, although the ADON hit
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.

11.6 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 con-
figured 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 11-2: 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, MCLR,
BOR WDT
0Bh,8Bh, | INTCON GIE PEIE | TOIE INTE RBIE TOIF INTF RBIF | 0000 000x [ 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFY | ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF [ 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE TXIE SSPIE | CCPlIE |TMR2IE | TMR1IE | 0000 0000|0000 0000
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 | GO/DONE — 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.
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DEVELOPMENT TOOLS FROM MICROCHIP
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FIGURE 15-3: PIC16F87X-04VOLTAGE-FREQUENCY GRAPH (ALL TEMPERATURE RANGES)
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FIGURE 15-4: PIC16F87X-10 VOLTAGE-FREQUENCY GRAPH
(EXTENDED TEMPERATURE RANGE ONLY)
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15.3

DC Characteristics: PIC16F873/874/876/877-04 (Extended)

PIC16F873/874/876/877-10 (Extended) (Continued)

PIC16F873/874/876/877-04 Standard Operating Conditions (unless otherwise stated)
PIC16F873/874/876/877-20 Operating temperature -40°C < TAa < +125°C

(Extended)

Param
No.

Symbol Characteristic/ Min | Typt | Max | Units Conditions
Device

D010

D013

Ibb | Supply Current(@9)

— 1.6 4 mA | RC osc configurations
Fosc =4 MHz, VbD = 5.5V

— 7 15 mA | HS osc configuration,
Fosc = 10 MHz, VbD = 5.5V

D015

AIBOR | Brown-out — 85 200 pA | BOR enabled, VDD = 5.0V
Reset Current®

D020A
D021B

IPD | Power-down Current®>)

10.5 60 pA | VDD = 4.0V, WDT enabled
1.5 30 pA | VDD = 4.0V, WDT disabled

D023

AIBOR | Brown-out — 85 200 pA | BOR enabled, VDD = 5.0V
Reset Current®

T

Note 1:
2:

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

This is the limit to which VDD can be lowered without losing RAM data.
The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/0O pin
loading, switching rate, oscillator type, internal code execution pattern and temperature also have an impact
on the current consumption.
The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD;

MCLR = VbpD; WDT enabled/disabled as specified.
The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/0 pins in hi-impedance state and tied to VDD and Vss.
For RC osc configuration, current through ReXT is not included. The current through the resistor can be
estimated by the formula Ir = VDD/2REXT (mA) with REXT in KOhm.
Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from
characterization and is for design guidance only. This is not tested.
The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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FIGURE 15-11: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10Sl/CCP2
and RC2/CCP1
(Capture Mode)

RC1/T10Sl/CCP2
and RC2/CCP1
(Compare or PWM Mode)

53 —=.

Note: Refer to Figure 15-5 for load conditions.

TABLE 15-5: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Pilroam Sym Characteristic Min Typt| Max | Units| Conditions

50* TecL |[CCP1 and CCP2 |No Prescaler 0.5Tcy +20 | — — ns
input low time Standard(F) 10 — — ns
With Prescaler Extended(LF) 20 — — ns
51* | TecH [CCP1 and CCP2 [No Prescaler 0.5Tcy +20 | — — ns
input high time Standard(F) 10 — — ns
With Prescaler Extended(LF) 20 — — ns

52* | TccP |CCP1 and CCP2 input period 3Tcy +40 — — ns [N = prescale

N value (1, 4 or 16)

53* | TccR |CCP1 and CCP2 output rise time | Standard(F) — 10 25 ns
Extended(LF) — 25 50 ns
54* | TccF |CCP1 and CCP2 output fall time | Standard(F) — 10 25 ns
Extended(LF) — 25 45 ns

*  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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NOTES:
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FIGURE 16-3: TYPICAL Ipp vs. Fosc OVER VbD (XT MODE)
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FIGURE 16-4: MAXIMUM IbD vs. Fosc OVER VDD (LP MODE)
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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