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PIC16F87X

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.

RP1:RPO 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 frequently used 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 4.0 of this data sheet.

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register (FSR).
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PIC16F87X

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.

DS30292D-page 15




PIC16F87X

3.0 /O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on I/O ports may be found in the
PIC® MCU Mid-Range Reference Manual, (DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCONZ1 register (A/D Control Registerl).

Note:  On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'".

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO ;
BCF STATUS, RP1 ; BankO
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as '0'.

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RAO0 AND RA5 PINS
Data Data Latch
Bus b Q
WR VDD
Port =
4’ CK L Q D P V0 pin®
TRIS Latch J ’—%
P N
WR
TRIS
L
RD
TRIS TTL
Input
Buffer
Q D
EN

RD Port {>O

To A/D Converter

-t
-

Note 1: 1/O pins have protection diodes to VbD and Vss.

FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Data Latch
Bus D Q
5 4
Port
———PpckQ ﬂ| N /0 pin®
TRIS Latch
e— D Q Vss
WR
TRIS CIZtQ | o Schmitt

Py

Trigger :\7
Input
RD

Buffer
TRIS

/‘ Q
EN
RD Port —‘

TMRO Clock Input

Y

Note 1: I/O pin has protection diodes to Vss only.
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3.4 PORTD and TRISD Registers

PORTD and TRISD are not implemented on the
PIC16F873 or PIC16F876.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configureable as an input or
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers
are TTL.

FIGURE 3-7: PORTD BLOCK DIAGRAM
(IN'I/O PORT MODE)
Data Data Latch /0 pin®
Bus D Q‘l}—<
WR H‘E
Port CK_\_
TRIS Latch
D Q
WR
TRIS .
= CcK L Schmitt
T
e Y
/| Buffer
RD ‘\l\l
TRIS

T3

Note 1: I/O pins have protection diodes to VDD and Vss.

TABLE 3-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPO bit0 sTrTL® Input/output port pin or parallel slave port bitO.
RD1/PSP1 bit1 sT/TTL® Input/output port pin or parallel slave port bit1.
RD2/PSP2 bit2 sTrTL® Input/output port pin or parallel slave port bit2.
RD3/PSP3 bit3 sTrTL® Input/output port pin or parallel slave port bit3.
RD4/PSP4 bit4 sT/TTL® Input/output port pin or parallel slave port bit4.
RD5/PSP5 bit5 sTrTL® Input/output port pin or parallel slave port bit5.
RD6/PSP6 bit6 sTrTL® Input/output port pin or parallel slave port bit6.
RD7/PSP7 bit7 sT/TTL® Input/output port pin or parallel slave port bit7.

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

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: | Value on
Address | Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, all other
BOR RESETS
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO | xxxx xxxx | uuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 1111|1111 1111
89h TRISE IBF \ OBF | IBOV \ PSPMODE | — |PORTE Data Direction Bits | 0000 -111 | 0000 -111
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PORTD.

© 1998-2013 Microchip Technology Inc.
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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 TMR1 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/CCP2 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® MCU Mid-Range Family Reference Manual
(DS33023).

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — | T1cKPS1]T1CKPSO| T10SCEN |TISYNC|TMRLCS |TMRLON
bit 7 bit 0
bit 7-6 Unimplemented: Read as 'O’
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 T1OSCEN: 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 TMR1CS = 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

© 1998-2013 Microchip Technology Inc.
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6.1

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TLSYNC
(TLCON<2>) has no effect, since the internal clock is
always in sync.

Timerl Operation in Timer Mode

FIGURE 6-1:

TIMER1 INCREMENTING EDGE

6.2

Timerl may operate in either a Synchronous, or an
Asynchronous mode, depending on the setting of the
TMRI1CS hit.

When Timerl is being incremented via an external
source, increments occur on arising edge. After Timerl
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

Timerl Counter Operation

T1CKI
(Default High)

T1CKI

(Default Low)

Note: Arrows indicate counter increments.

6.3 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T1OSCEN is set, or on pin RCO/TLOSO/T1CKI, when
bit TLOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

If TLISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timerl will
not increment even if the external clock is present,
since the synchronization circuit is shut-off. The
prescaler, however, will continue to increment.

Set Flag bit
TMR1IF on

TMR1

Overflow 1—‘

TMR1H | TMR1L

Synchronized
Clock Input

04

1|-—

TMR1ON

........ Oon/Off T1SYNC

' T10sC !
RCO/T10SO/T1CKI @ L ® |,> 1 S hroni

: : | Prescaler ynchronize

- TI0SCEN Fosc/a 1,2,4,8 A det

: . Enable Internal 0 A

; 1) [

RC1/T10Sl/ccP2® + Oscillator( ¥ o

' ' Q Clock

________ T1CKPS1:T1CKPSO

Note 1: When the TLOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.

TMRI1CS
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8.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

« Driven high

 Driven low

« Remains unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1MO (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:

reset Timerl, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCONO0<2>).

FIGURE 8-2:

Special Event Trigger

Set Flag bit CCP1IF

(PIR1<2>)
RC2/CCP1
1c cchchcPRlL
Q ST|output
R Logic Match
- A
TRISC<2> TMR1H | TMRIL
Output Enable  ccp1CON<3:0>

Mode Select

8.2.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by clearing the TRISC<2> bit.

Note:  Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the PORTC I/O

data latch.

8.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode, or Synchro-
nized Counter mode, if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF bit is set, causing
a CCP interrupt (if enabled).

8.24 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMRL1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special event trigger output of CCP2 resets the
TMRL1 register pair and starts an A/D conversion (if the
A/D module is enabled).

Note: The special event trigger from the
CCP1land CCP2 modules will not set inter-
rupt flag bit TMR1IF (PIR1<0>).

DS30292D-page 60
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8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC 1/O data

latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK

DIAGRAM

CCP1CON<5:4>

Duty Cycle Registers’/

‘ CCPR1L

‘ CCPR1H (Slav |
JL RC2/CCP1
‘ Comparator i R Q
‘ TMR2 ‘(Note 1)|
—S
Comparator TRISC<2>
Clear Timer,
4 CCP1 pin and
PR2 latch D.C.

Note 1. The 8-bit timer is concatenated with 2-bit internal Q
clock, or 2 bits of the prescaler, to create 10-bit time-
base.

A PWM output (Figure 8-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OUTPUT

Period

I [

Duty Cycle

. TMR2=PR2

TMR2 = Duty Cycle

TMR2 = PR2

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1] 4 » TOSC *
(TMR?2 prescale value)

PWM frequency is defined as 1/ [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
* The PWM duty cycle is latched from CCPRL1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 7.1) is
not used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different

frequency than the PWM output.

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle =(CCPR1L:CCP1CON<5:4>) ¢
Tosc * (TMR2 prescale value)

CCPRI1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPRI1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitch-free PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an internal 2-bit Q clock, or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the formula:

Fosc

) 1Og(FPWM
Resolution = — bits

log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.

© 1998-2013 Microchip Technology Inc.
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9.1.1 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 9-5) is to broad-
cast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI
module is only going to receive, the SDO output could
be disabled (programmed as an input). The SSPSR
register will continue to shift in the signal present on the
SDI pin at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “line activity monitor”.

The clock polarity is selected by appropriately program-
ming bit CKP (SSPCON<4>). This then, would give
waveforms for SPlI communication as shown in

FIGURE 9-2:

Figure 9-6, Figure 9-8 and Figure 9-9, where the MSb is
transmitted first. In Master mode, the SPI clock rate (bit
rate) is user programmable to be one of the following:

» Fosc/4 (or Tey)

» Fosc/16 (or 4 « Tcy)
» Fosc/64 (or 16 « Tcy)
e Timer2 output/2

This allows a maximum bit clock frequency (at 20 MHz)
of 5.0 MHz.

Figure 9-6 shows the waveforms for Master mode.
When CKE = 1, the SDO data is valid before there is a
clock edge on SCK. The change of the input sample is
shown based on the state of the SMP bit. The time
when the SSPBUF is loaded with the received data is
shown.

SPI MODE TIMING, MASTER MODE

SCK (CKP =0, | | | | | |

CKE = 0)

SCK (CKP =0, L ]

CKE =1)
SCK (CKP =1,

CKE=0) I

SCK (CKP =1,

CRE=Y L L]

bitz X bits X

SDO

bis X bita K bz X biz X

bitt X bito

bit7
SDI (SMP = 1)

bit7
SSPIF

SDI (SMP = 0) C C C C C C C C

bit0

bit0

-
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TABLE 9-2: DATA TRANSFER RECEIVED BYTE ACTIONS
Status Bits as Data G ACK Set bit SSPIF
Transfer is Received SSPSR — SSPBUF enc;r&tsee (SSP Interrupt occurs
BF SSPOV if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 Yes No Yes
Note:  Shaded cells show the conditions where the user software did not properly clear the overflow condition.
9.2.1.3 Slave Transmission An SSP interrupt is generated for each data transfer

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 the SCL pin is held low.
The transmit data must be loaded into the SSPBUF
register, which also loads the SSPSR register. Then,
the SCL pin should be enabled by setting bit CKP
(SSPCON<4>). 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 sig-
nal is valid during the SCL high time (Figure 9-7).

FIGURE 9-6:

byte. The SSPIF flag bit must be cleared in software
and the SSPSTAT register is used to determine the sta-
tus of the byte transfer. The SSPIF flag 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 not ACK is latched
by the slave, the slave logic is reset and the slave then
monitors 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. Then the SCL pin should be enabled
by setting the CKP bit.

I2C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

R/W=0

Receiving Address ACK

r
|
|

Receiving Data

SDA "\ /ATYEEXASAXRDXRZXAD, | /D705 DA D2XDIXD0),_/DI(DEXBS/DXDD2EIED k) !

Not

Receiving Data ACK

ACK

—

BF (SSPSTAT<0>)

scL 's! | /9 /P,
| I | | T
| A
SSPIF P Bus Master
: T Terminates
|

Transfer

=
SSPBU
SSPOV (SSPCON<6>)

Cleared in software

F register is read

—

Bit SSPOV is set because the SSPBUF register is still full. A

ACK is not sent.
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9.2.11 I2C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address, or either
half of a 10-bit address, is accomplished by simply writ-
ing a value to SSPBUF register. This action will set the
Buffer Full flag (BF) and allow the baud rate generator
to begin counting and start the next transmission. Each
bit of address/data will be shifted out onto the SDA pin
after the falling edge of SCL is asserted (see data hold
time spec). SCL is held low for one baud rate generator
rollover count (TBRG). Data should be valid before SCL
is released high (see data setup time spec). When the
SCL pin is released high, it is held that way for TBRG.
The data on the SDA pin must remain stable for that
duration and some hold time after the next falling edge
of SCL. After the eighth bit is shifted out (the falling
edge of the eighth clock), the BF flag is cleared and the
master releases SDA allowing the slave device being
addressed to respond with an ACK bit during the ninth
bit time, if an address match occurs or if data was
received properly. The status of ACK is read into the
ACKDT on the falling edge of the ninth clock. If the
master receives an Acknowledge, the Acknowledge
Status bit (ACKSTAT) is cleared. If not, the bit is set.
After the ninth clock, the SSPIF is set and the master
clock (baud rate generator) is suspended until the next
data byte is loaded into the SSPBUF, leaving SCL low
and SDA unchanged (Figure 9-14).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL, until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock, the master will de-assert
the SDA pin, allowing the slave to respond with an
Acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared, and the baud rate generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

9.2.11.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

9.2.11.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.

9.2.11.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge
(ACK =0), and is set when the slave does not Acknowl-
edge (ACK = 1). A slave sends an Acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.
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11.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TaD. The
A/D conversion requires a minimum 12TAD per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The four possible options for TAD
are:

» 2Tosc

» 8Tosc

* 32Tosc

* Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock
(TAaD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 11-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 11-1: Tabvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCSO0 Max.
2Tosc 00 1.25 MHz
8Tosc 01 5 MHz
32Tosc 10 20 MHz
Rc(®:2.3) 11 (Note 1)
Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 ps.

2: When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only recom-

mended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristics (Sections 15.1 and 15.2).

11.3

The ADCONL1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VoH or VoL) will be converted.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the device
specifications.
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REGIST

ER 12-1: CONFIGURATION WORD (ADDRESS 2007h)%)

CP1

CPO | DEBUG = WRT | CPD | LVP | BODEN | CP1 | CPO | PWRTE | WDTE | FOSC1 | FOSCO

bit13

bit 13-12,

bit 5-4

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 3

bit 2

bit 1-0

Note 1:

bit0

CP1:CPO: FLASH Program Memory Code Protection bits®
11 = Code protection off

10 = 1F00h to 1FFFh code protected (PIC16F877, 876)

10 = OF00h to OFFFh code protected (PIC16F874, 873)

01 = 1000h to 1FFFh code protected (PIC16F877, 876)

01 = 0800h to OFFFh code protected (PIC16F874, 873)

00 = 0000h to 1FFFh code protected (PIC16F877, 876)

00 = 0000h to OFFFh code protected (PIC16F874, 873)

DEBUG: In-Circuit Debugger Mode
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose I/O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger.

Unimplemented: Read as ‘1’

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

CPD: Data EE Memory Code Protection
1 = Code protection off
0 = Data EEPROM memory code protected

LVP: Low Voltage In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function, low voltage programming enabled
0 = RB3 is digital /0, HV on MCLR must be used for programming

BODEN: Brown-out Reset Enable bit®)
1 = BOR enabled
0 = BOR disabled

PWRTE: Power-up Timer Enable bit(®)
1 = PWRT disabled
0 = PWRT enabled

WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled

FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

The erased (unprogrammed) value of the configuration word is 3FFFh.

All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.

Enabling Brown-out Reset automatically enables Power-up Timer (PWRT), regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled any time Brown-out Reset is enabled.
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FIGURE 12-6:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1
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PWRT TIME-OUT
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FIGURE 12-7:

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

OST TIME-OUT
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g
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FIGURE 12-8:

SLOW RISE TIME (MCLR TIED TO VDD)
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14.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
* Integrated Development Environment
- MPLAB® IDE Software
» Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Obiject Linker/
MPLIB™ Obiject Librarian

e Simulators
- MPLAB SIM Software Simulator
« Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ In-Circuit Emulator
« In-Circuit Debugger
- MPLAB ICD for PIC16F87X
« Device Programmers
- PRO MATE® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

* Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLoq® Demonstration Board

14.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:
< An interface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
A full-featured editor
» A project manager
» Customizable toolbar and key mapping
* A status bar
* On-line help

The MPLAB IDE allows you to:

« Edit your source files (either assembly or ‘C’)

* One touch assemble (or compile) and download
to PIC MCU emulator and simulator tools (auto-
matically updates all project information)

» Debug using:

- source files
- absolute listing file
- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the cost-
effective simulator to a full-featured emulator with
minimal retraining.

14.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PIC® MCUs.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

* Integration into MPLAB IDE projects.

» User-defined macros to streamline assembly
code.

 Conditional assembly for multi-purpose source
files.

« Directives that allow complete control over the
assembly process.

14.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.
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FIGURE 15-1: PIC16F87X-20 VOLTAGE-FREQUENCY GRAPH
(COMMERCIAL AND INDUSTRIAL TEMPERATURE RANGES ONLY)
6.0 V-
5.5V
5.0 V-
o 4.5V
E 40V |
S 35Vt | :
| |
2.5 V-4 | |
2.0V | |
| |
| I
: 1
16 MHz 20 MHz
Frequency
FIGURE 15-2: PIC16LF87X-04 VOLTAGE-FREQUENCY GRAPH
(COMMERCIAL AND INDUSTRIAL TEMPERATURE RANGES ONLY)
6.0 V-
5.5V
5.0 V-
o 45V
S 4.0V
S 35V
3.0 V-
2.5 V- :
20V+— |
| |
| |
| |
| |

4 MHz 10 MHz

Frequency

Fmax = (6.0 MHz/V) (VDDAPPMIN - 2.0 V) + 4 MHz

Note 1: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
2: FMAX has a maximum frequency of 10MHz.
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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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FIGURE 15-7: CLKOUT AND I/O TIMING
Q4 : Q1 I Q2 I Q3 i
110 . o Lo :
CLKOUT N Co LA !
N T R !
v 13, o ' 12 l
o 10,718 RS |
Vo Pin | // f y //
(Inpu) N _
D e 17— Pt 15 ; ' !
1/0 Pin ' hV4 ! ' '
(Output) Old Value ! X ' : New Value :
: ! e 2 2 l
20,21 ' . .
Note: Refer to Figure 15-5 for load conditions.
TABLE 15-2: CLKOUT AND I/O TIMING REQUIREMENTS
PaNr:m Symbol Characteristic Min Typt Max Units | Conditions
10* | TosH2ckL | OSC1T to CLKOUTY — 75 200 ns |(Note 1)
11* | TosH2ck |0SC17T to CLKOUT? — 75 200 ns |(Note 1)
H
12* TckR CLKOUT rise time — 35 100 ns |(Note 1)
13* TckF CLKOUT fall time — 35 100 ns |(Note 1)
14* TckL2ioV | CLKOUT { to Port out valid — — | 0.5Tcy+20| ns |[(Notel)
15* | TioV2ckH | Port in valid before CLKOUT 7T Tosc + 200 — — ns |(Note 1)
16* TckHZ2iol | Port in hold after CLKOUT 1 0 — — ns |(Note 1)
17* TosH2ioV | OSC17T (Q1 cycle) to — 100 255 ns
Port out valid
18* | TosH2iol | OSC1T (Q2 cycle) to Standard (F) 100 — — ns
Portinput invalid (/O in [ Extended (LF) 200 _ _ ns
hold time)
19* | TioV2osH | Port input valid to OSC17 (1/O in setup time) 0 ns
20* TioR Port output rise time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
21* TioF Port output fall time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
221t* Tinp INT pin high or low time Tcy — — ns
23tt* Trbp RB7:RB4 change INT high or low time Tcy — — 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.
Tt These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x ToscC.
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging
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n op1 Y
t—— E ——— +
7 A
\/ S I ]
=B Al
[—— eB ——= B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom § 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold flash or protrusions.

.010” (0.254mm) per side.
JEDEC Equivalent: MO-011
Drawing No. C04-016

Mold flash or protrusions shall not exceed
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Bus Collision During a Repeated

START Condition (Case 1) ........ccocevevueenen. 92
Bus Collision During a Repeated

START Condition (Case2) .........cccceevueenee. 92
Bus Collision During a START

Condition (SCL = 0) eeveevieeeriieee e 91
Bus Collision During a STOP Condition ..................... 93
Bus Collision for Transmit and Acknowledge ............. 89
Capture/Compare/PWM .........cccoviiiinieiiiieeeiieees 166
CLKOUT @and l/O .....cocvviiiiiiiiiiciiieieeeee e 163
12C BUS DALA ...ceooeeveeeieeeeiseeeeeeeeie i 171
12C Bus START/STOP bitS ....cevveeverrereececreriee e, 170
12C Master Mode First START Bit Timing .................. 80
1°C Master Mode Reception Timing ........ ....85
12C Master Mode Transmission Timing ... ....83
Master Mode Transmit Clock Arbitration .................... 88
Power-up TIMEer .....ccccoioiiiiiiiieie e 164
Repeat START Condition .........cccceevvveeriieeniniieeenineen. 81
RESET oottt 164
SPIMaster Mode ........ccccecvieiiieiiieiienieecee e 70
SPI Slave Mode (CKE = 1) ........... e 71
SPI Slave Mode Timing (CKE = 0) ....cccoeviiieeiiiieennes 71
Start-up TIMET ....oooiiiiiiiiie e 164
STOP Condition Receive or Transmit ...............ce..e.. 87
Time-out Sequence on POWEr-up .................... 127,128
TIMEIO oo 165
TIMErL Lo 165
USART Asynchronous Master Transmission ........... 100
USART Asynchronous Reception
USART Synchronous Receive ......
USART Synchronous Reception ......
USART Synchronous Transmission ................ 106, 173
USART, Asynchronous Reception ..........cccccceveenen. 104
Wake-up from SLEEP via Interrupt ..........c.ccccovenen. 133
Watchdog TIMer ......ccocviiiiiiiiiii e 164

TMRO .o

TMRO Register .
TMRI1CS bit ...

TIMRIL oottt
TMRL1L Register
TMRION Bt oo
TIMRZ e
TMR2 Register .
TMR20ON Bt oo
TOUTPSO0 DIt ..ot
TOUTPSL DIt .o
TOUTPS2 DIt ..
TOUTPS3 DIt .o
TRISA Register
TRISB Register ...
TRISC Register ...
TRISD Register ...
TRISE REQISIEr ...eviiiiiiieeitieee e
IBF Bt oot s
IBOV Bt oo
OBF Bt oo
PSPMODE Bit ...

TXSTA REQISIET ..ottt e 95
BRGH Bit ..oieiiiicciicicic e 95
CSRC Bt oot 95
SYNC Bit ... .. 95

TRMT Bit ..
TX9 Bit ... ... 95
TXOD Bt oo 95
TXEN Bt oot 95
U
UA 66

Universal Synchronous Asynchronous Receiver
Transmitter. See USART

Update Address, UA ...t 66
USART ot s 95
Address Detect Enable (ADDEN Bit) ........cccccvverinene 96
ASYNChronous MOAE ..........ccevvieeiniieiiiiee e 99

Asynchronous Receive ....

Associated Registers ... .. 102
Block Diagram ..........ccceevcvveennn. .. 101
Asynchronous Receive (9-bit Mode) ..........ccccoeveeenee 103
Associated Registers ..........cccuvvervieniieiienieens 104
Block Diagram .........cccccevvvveiniiieeiniiecnniee e 103
Timing Diagram ........ccoccveeiiiieeniiieesee e 104

Asynchronous Receive with Address Detect.
SeeAsynchronous Receive (9-bit Mode).

Asynchronous ReCeption .........ccoccveerieeeeriieennneeenns 102

Asynchronous TransSmitter ..........ccccecvevvieeiiiniinnnens 99

Baud Rate Generator (BRG) .......ccccccvvvviviniiiieniieenn 97
Baud Rate Formula .............cccoccooviiiiiiiiinin, 97
Baud Rates, Asynchronous Mode (BRGH=0) ... 98
High Baud Rate Select (BRGH Bit) ................... 95
SAMPIING e

Clock Source Select (CSRC Bit) ............
Continuous Receive Enable (CREN Bit)
Framing Error (FERR Bit) .......cccccevvneenn.
Mode Select (SYNC Bit) ....coocevvvieiiieiiecieciieeeee e
Overrun Error (OERR Bit) .....cooeviieiiiiiiiiieecceec e,
RCB/TX/CK PiN e
RCT7/RX/DT PiN oottt
RCSTA Register .......ccoceevvveiiineeens
Receive Data, 9th bit (RX9D Bit)
Receive Enable, 9-bit (RX9 Bit)
Serial Port Enable (SPEN Bit) ........cccceeviiiiniieene
Single Receive Enable (SREN Bit) .......c.ccovevviveeennn.
Synchronous Master Mode ..........cccocceeveviiiicnieennen.
Synchronous Master Reception ...........cccccveevvveenns
Associated RegiSters ........cocccvvevivieeniieeniieeene
Synchronous Master Transmission ............ccccccee.ne.
Associated Registers ..................
Synchronous Slave Mode ....
Synchronous Slave Reception .
Associated RegiSters ........coccovevivieeniieeniieeee
Synchronous Slave Transmit .........cccceeevvvveniieennns
Associated Registers ..........cccuvveiiveniiciiennennns
Transmit Block Diagram .........c.ccceceervieniiiniieniecnene
Transmit Data, 9th Bit (TX9D)
Transmit Enable (TXEN Bit) ...............
Transmit Enable, Nine-bit (TX9 Bit) ..........
Transmit Shift Register Status (TRMT Bit) ................ 95
TXSTA REQISIET ...ttt 95
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