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circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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4V ~ 5.5V
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products 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 knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be 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 product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizonain July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMs and microperipheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.
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PIC16F/7X

TABLE 1-3: PIC16F74 AND PIC16F77 PINOUT DESCRIPTION (CONTINUED)

Pin Name DIP PL.CC Q.FP ViorP Buffer Description
Pin# Pin# Pin# Type Type
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 TTUST®
RBO 110 Digital I/O.
INT [ External interrupt.
RB1 34 37 9 110 TTL Digital 1/0.
RB2 35 38 10 110 TTL Digital I/O.
RB3/PGM 36 39 11 TTL
RB3 110 Digital I/O.
PGM 110 Low voltage ICSP programming enable pin.
RB4 37 41 14 110 TTL Digital I/O.
RB5 38 42 15 110 TTL Digital I/O.
RB6/PGC 39 43 16 TTL/ST®
RB6 110 Digital 1/0.
PGC 110 In-Circuit Debugger and ICSP programming clock.
RB7/PGD 40 44 17 TTLST®
RB7 110 Digital I/O.
PGD 110 In-Circuit Debugger and ICSP programming data.
PORTC is a bi-directional 1/O port.
RCO/T10SO/T1CKI 15 16 32 ST
RCO 110 Digital I/O.
T10SO (@) Timer1 oscillator output.
T1CKI | Timerl external clock input.
RC1/T10SI/CCP2 16 18 35 ST
RC1 110 Digital I/O.
T10SI | Timer1 oscillator input.
CCP2 I/0 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36 ST
RC2 110 Digital I/O.
CCP1 I/0 Capturel input/Comparel output/PWM1 output
RC3/SCK/SCL 18 20 37 ST
RC3 110 Digital I/O
SCK I/0 Synchronous serial clock input/output for SPI mode.
SCL I/0 Synchronous serial clock input/output for 12C mode.
RC4/SDI/SDA 23 25 42 ST
RC4 110 Digital I/0.
SDI | SPI data in.
SDA 110 12C data I/O.
RC5/SDO 24 26 43 ST
RC5 110 Digital I/O.
SDO O SPI data out.
RC6/TX/CK 25 27 44 ST
RC6 110 Digital I/O.
X (0] USART asynchronous transmit.
CK I/0 USART 1 synchronous clock.
RC7/RX/DT 26 29 1 ST
RC7 110 Digital I/O.
RX | USART asynchronous receive.
DT I/10 USART synchronous data.
Legend: | = input O = output 1/0 = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel

Slave Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

© 2002 Microchip Technology Inc.
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222

SPECIAL FUNCTION REGISTERS

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
given in Table 2-1.

The Special Function Registers can be classified into
two sets: core (CPU) and peripheral. Those registers
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
peripheral feature section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
. . . . . . . . Value on: Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
BOR on page
Bank O
00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) |0000 0000| 27,96
0lh TMRO Timer0 Module Register xxxx xxxx| 45,96
02h@® PCL Program Counter (PC) Least Significant Byte 0000 0000| 26,96
03h®  [STATUS IRP | RP1 | RPO | TO PD | z DC C 0001 1xxx| 19,96
04h®  |FSR Indirect Data Memory Address Pointer xxxx xxxx| 27,96
05h PORTA — — | PORTA Data Latch when written: PORTA pins when read --0x 0000| 32,96
06h PORTB PORTB Data Latch when written: PORTB pins when read XXxXx xxxx| 34,96
07h PORTC PORTC Data Latch when written: PORTC pins when read xxxx xxxx| 35,96
08h® PORTD PORTD Data Latch when written: PORTD pins when read xxxx xxxx| 36,96
09h® PORTE = — — — — | RE2 | RE1 | REO ---- -xxx| 39,96
0Ah(L4) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26,96
oBh® INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x| 21,96
0Ch PIR1 pspIE®) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF TMRL1IF [oo000 0000 23,96
0ODh PIR2 — — — — — — — CCP2IF |---- --- 0| 24,96
OEh TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 50,96
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 50,96
10h T1CON — — [ mackesi | Tickeso | T10SCEN | TISYNC | TMR1CS | TMRION [--00 0000| 47,96
11h TMR2 Timer2 Module Register 0000 0000| 52,96
12h T2CON — [ T1outpss | ToutPs2| TouTps | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO [ -000 0000| 52,96
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |64, 68, 96
14h SSPCON wcoL | sspov | ssPEN | ckp | sspm3 | ssPm2 | ssPM1 | SSPMO [o000 oooo| 61,96
15h CCPRI1L Capture/Compare/PWM Registerl (LSB) xxxx xxxx| 56,96
16h CCPR1H Capture/Compare/PWM Registerl (MSB) xxxx xxxx| 56,96
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO |--00 0000| 54,96
18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x| 70,96
19h TXREG USART Transmit Data Register 0000 0000| 74,96
1Ah RCREG USART Receive Data Register 0000 0000| 76,96
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) xxxx xxxx| 58,96
1Ch CCPR2H Capture/Compare/PWM Register2 (MSB) xxxx xxxx| 58,96
1Dh CCP2CON — — CCP2X | CCP2Y | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO |--00 0000| 54,96
1Eh ADRES A/D Result Register Byte xxxx xxxx| 88,96
1Fh ADCONO ADCS1 ADCSO0 CHS2 CHS1 CHSO DGO_clzl/E — ADON [0000 00-0| 83,96
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
contents are transferred to the upper byte of the program counter during branches (CALL or GOTO).

2: Other (non power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.

3: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

4: These registers can be addressed from any bank.

5. PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0’.

6: This bit always reads as a ‘1".

DS30325B-page 16
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2222 OPTION_REG Register Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG register is a readable and writable the TMRO register, assign the prescaler to
register, which contains various control bits to configure the Watchdog Timer.

the TMRO prescaler/WDT postscaler (single assign-
able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RW1 RW1 RW1 RW1 RWI1 RW-I
RBPU | INTEDG | Tocs | TOoSE | PsA | Ps2 PS1 PSO
bit 7 bit 0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR reset  'l’=Bitis set '0’ = Bit is cleared X = Bit is unknown

DS30325B-page 20 © 2002 Microchip Technology Inc.
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4.6 Parallel Slave Port

The Parallel Slave Port (PSP) is not implemented on
the PIC16F73 or PIC16F76.

PORTD operates as an 8-bit wide Parallel Slave Port,
or Microprocessor Port, when control bit PSPMODE
(TRISE<4>) is set. In Slave mode, it is asynchronously
readable and writable by an external system using the
read control input pin REO/RD, the write control input
pin REI/WR, and the chip select control input pin
RE2/CS.

The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an 8-bit latch. Setting
bit PSPMODE enables port pin REO/RD to be the RD
input, RE1/WR to be the WR input and RE2/CS to be
the CS (chip select) input. For this functionality, the cor-
responding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (i.e., set).
The A/D port configuration bits PCFG3:PCFGO
(ADCON1<3:0>) must be set to configure pins
REZ2:REO as digital 1/0.

There are actually two 8-bit latches, one for data output
(external reads) and one for data input (external
writes). The firmware writes 8-bit data to the PORTD
output data latch and reads data from the PORTD input
data latch (note that they have the same address). In
this mode, the TRISD register is ignored, since the
external device is controlling the direction of data flow.

An external write to the PSP occurs when the CS and
WR lines are both detected low. Firmware can read the
actual data on the PORTD pins during this time. When
either the CS or WR lines become high (level trig-
gered), the data on the PORTD pins is latched, and the
Input Buffer Full (IBF) status flag bit (TRISE<7>) and
interrupt flag bit PSPIF (PIR1<7>) are set on the Q4
clock cycle, following the next Q2 cycle to signal the
write is complete (Figure 4-9). Firmware clears the IBF
flag by reading the latched PORTD data, and clears the
PSPIF bit.

The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if an external write to the PSP occurs
while the IBF flag is set from a previous external write.
The previous PORTD data is overwritten with the new
data. IBOV is cleared by reading PORTD and clearing
IBOV.

A read from the PSP occurs when both the CS and RD
lines are detected low. The data in the PORTD output
latch is output to the PORTD pins. The Output Buffer
Full (OBF) status flag bit (TRISE<6>) is cleared imme-
diately (Figure 4-10), indicating that the PORTD latch is
being read, or has been read by the external bus. If
firmware writes new data to the output latch during this
time, it is immediately output to the PORTD pins, but
OBF will remain cleared.

When either the CS or RD pins are detected high, the
PORTD outputs are disabled, and the interrupt flag bit
PSPIF is set on the Q4 clock cycle following the next
Q2 cycle, indicating that the read is complete. OBF
remains low until firmware writes new data to PORTD.

When not in PSP mode, the IBF and OBF bits are held
clear. Flag bit IBOV remains unchanged. The PSPIF bit
must be cleared by the user in firmware; the interrupt
can be disabled by clearing the interrupt enable bit
PSPIE (PIE1<7>).

FIGURE 4-8: PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE PORT)
r———-"-"-"-=—- - - - = n
Data Bus
S TR ¢
l WR I RDx
| Port CK | pin
| TTL |
I Q
I
RD
I Port
L e — - =
One bit of PORTD
4 Set Interrupt Flag
PSPIF (PIR1<7>)

Note: I/0 pin has protection diodes to VDD and Vss.
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FIGURE 4-9: PARALLEL SLAVE PORT WRITE WAVEFORMS
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FIGURE 4-10: PARALLEL SLAVE PORT READ WAVEFORMS
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TABLE 4-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Value on: Value on

Address Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR RESETS
08h PORTD |Port data latch when written: Port pins when read XXXX XXXX | uuuu uuuu
09h PORTE = = = — = RE2 | REL | REO | ---- -xxx | ---- -uuu
89h TRISE IBF OBF | IBOV | PSPMODE — PORTE Data Direction Bits 0000 -111 [ 0000 -111
0Ch PIR1 pspIE® | ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 pspie® | ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
9Fh ADCONL1 — — — — — PCFG2 | PCFG1 | PCFGO | ---- -000 | ---- -000

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Parallel Slave Port.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.

© 2002 Microchip Technology Inc. DS30325B-page 41
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FIGURE 9-1: SSP BLOCK DIAGRAM
(SPI MODE)

< Internal
Data Bus

Read Write

SSPBUF reg

‘ SSPSRreg ’—»

RC4/SDI/SDA bit0 Shift
|X} /‘ Clock
RC5/SDO \T;‘eripheral OE

SS Control
Enable

RA5/SS/AN4 Edge
Select

Clock Select

SSPM3:SSPMO

X’_' || Edge
Select

RC3/SCK/

SCL TRISC<3>

4,16, 64

TMR2 Output
2

Prescaler| Tcy

To enable the serial port, SSP enable bit, SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-
ister, and then set bit SSPEN. This configures the SDI,
SDO, SCK, and SS pins as serial port pins. For the pins
to behave as the serial port function, they must have
their data direction bits (in the TRISC register) appro-
priately programmed. That is:

¢ SDI must have TRISC<4> set
¢ SDO must have TRISC<5> cleared

¢ SCK (Master mode) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set

+ SS must have TRISA<5> set and ADCON must
be configured such that RA5 is a digital 1/0

Note 1: When the SPIis in Slave mode with SS pin
control enabled (SSPCON<3:0> = 0100),
the SPI module will reset if the SS pin is set
to VDD.

2: If the SPI is used in Slave mode with
CKE ="'1', then the SS pin control must be
enabled.

3: When the SPI is in Slave mode with SS
pin control enabled (SSPCON<3:0> =
‘0100’), the state of the SS pin can affect
the state read back from the TRISC<5>
bit. The Peripheral OE signal from the
SSP module into PORTC controls the
state that is read back from the
TRISC<5> bit (see Section 4.3 for infor-
mation on PORTC). If Read-Modify-Write
instructions, such as BSF are performed
on the TRISC register while the SS pin is
high, this will cause the TRISC<5> bit to
be set, thus disabling the SDO output.

DS30325B-page 62
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9.3  SSP I°C Operation

The SSP module in I°C mode, fully implements all slave
functions, except general call support, and provides
interrupts on START and STOP bits in hardware to facil-
itate firmware implementations of the master functions.
The SSP module implements the standard mode speci-
fications as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the RC3/
SCKI/SCL pin, which is the clock (SCL), and the RC4/
SDI/SDA pin, which is the data (SDA). The user must
configure these pins as inputs or outputs through the
TRISC<4:3> bits.

The SSP module functions are enabled by setting SSP
enable bit SSPEN (SSPCON<5>).

FIGURE 9-5: SSP BLOCK DIAGRAM
(1°C MODE)
< Internal
Data Bus
Read Write
v
RC3/SCK/SCL SSPBUF reg ‘

|
7o Z§ |

E Q—‘ SSPSR reg
MSb LSb

RC4/

SDI/ ._{>
SDA

‘ Match Detect }—» Addr Match

i

‘ SSPADD reg ‘

START and Set, RESET

STOP bit Detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 12C operation.
These are the:

* SSP Control Register (SSPCON)

e SSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

« SSP Shift Register (SSPSR) - Not directly accessible
* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following I2C modes to be selected:

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled to support Firmware
Master mode

+ 12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled to support Firmware
Master mode

« 12C START and STOP bit interrupts enabled to
support Firmware Master mode, Slave is IDLE

Selection of any 12C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. Pull-up resistors must be
provided externally to the SCL and SDA pins for proper
operation of the IC module.

Additional information on SSP 12C operation can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023A).

9.31 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. They include (either
or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 9-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister, while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
1’c specification, as well as the requirements of the
SSP module, are shown in timing parameter #100 and
parameter #101.

© 2002 Microchip Technology Inc.
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

u-0 u-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
— — | =1 =1 = PCFG2 | PCFG1 | PCFGO
bit 7 bit 0
bit 7-3 Unimplemented: Read as '0’
bit 2-0 PCFG2:PCFGO: A/D Port Configuration Control bits
PCFG2:PCFGO | RAO | RA1 | RA2 | RA5 | RA3 |REOW |RE1M |RE2W | VREF
000 A A A A A A A A VDD
001 A A A A VREF A A A RA3
010 A A A A A D D D VDD
011 A A A A VREF D D D RA3
100 A A D D A D D D VDD
101 A A D D VREF D D D RA3
11x D D D D D D D D VDD
A = Analog input
D = Digital /O
Note 1: REO, RE1 and RE2 are implemented on the PIC16F74/77 only.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset '’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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12.10 Power Control/Status Register
(PCON)

if bit BOR cleared, indicating a Brown-out Reset
occurred. When the Brown-out Reset is disabled, the

The Power Control/Status Register, PCON, has two
bits to indicate the type of RESET that last occurred.

BitO is Brown-out Reset Status bit, BOR. Bit BOR is
unknown on a Power-on Reset. It must then be set by
the user and checked on subsequent RESETS to see

state of the BOR bit is unpredictable.

Bitl is POR (Power-on Reset Status bit). It is cleared on
a Power-on Reset and unaffected otherwise. The user

must set this bit following a Power-on Reset.

TABLE 12-3: TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration — Power-up— Brown-out Wake-up from
PWRTE =0 PWRTE = 1 SLEEP
XT, HS, LP 72 ms + 1024 Tosc 1024 Tosc 72 ms + 1024 Tosc 1024 Tosc
RC 72 ms — 72 ms —
TABLE 12-4: STATUS BITS AND THEIR SIGNIFICANCE
POR BOR o PD Significance
(PCON<1>) | (PCON<0>) | (STATUS<4>) | (STATUS<3>)
0 b4 1 1 Power-on Reset
0 x 0 x lllegal, TO is set on POR
0 x x 0 lllegal, PD is set on POR
1 0 1 1 Brown-out Reset
1 1 0 1 WDT Reset
1 1 0 0 WDT Wake-up
1 1 u u MCLR Reset during normal operation
1 1 1 0 MCLR Reset during SLEEP or interrupt wake-up from
SLEEP
TABLE 12-5: RESET CONDITION FOR SPECIAL REGISTERS
Condition Program STA_TUS PCQN
Counter Register Register
Power-on Reset 000h 0001 1xxx | ---- -- 0x
MCLR Reset during normal operation 000h 000u uuuu | = —--- -- uu
MCLR Reset during SLEEP 000h 0001 Ouuu | = ---- -- uu
WDT Reset 000h 0000 luuu | = ---- -- uu
WDT Wake-up PC+1 uuu0 Ouuu | ---- -- uu
Brown-out Reset 000h 0001 luuwu | ---- -- uo0
Interrupt wake-up from SLEEP pC +1® uuul Ouuu | ---- -- uu
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

© 2002 Microchip Technology Inc.
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12.11 Interrupts

The PIC16F7X family has up to 12 sources of interrupt.
The interrupt control register (INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Note: Individual interrupt flag bits are set, regard-
less of the status of their corresponding
mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. When bit GIE is enabled and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on RESET.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

FIGURE 12-10: INTERRUPT LOGIC

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the Spe-
cial Function Registers, PIR1 and PIR2. The corre-
sponding interrupt enable bits are contained in Special
Function Registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in Special Function
Register, INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs, relative to
the current Q cycle. The latency is the same for one or
two-cycle instructions. Individual interrupt flag bits are
set, regardless of the status of their corresponding
mask bit, PEIE bit, or the GIE bit.

PSPIF®

PSPIE®
ADIF
ADIE

TMROIF
TMROIE
INTF :1:)

Wake-up (If in SLEEP mode)

RCIF
RCIE INTE
Interrupt to CPU
TXIF RBIF
TXIE RBIE
SSPIF
sepiE )
PEIE
CCP1IF
CCP1lIE GIE
TMRZIF:l )
TMR2IE
TMR1IF
TMR1IE
CCP2IF
CCP2IE

Note 1: PSP interrupt is implemented only on PIC16F74/77 devices.
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Exclusive OR W with f

SWAPF Swap Nibbles in f XORWF
Syntax: [label] SWAPF f.d Syntax:
Operands: 0<f<127 Operands:
d e [0,1]
Operation: (f<3:0>) — (destination<7:4>), Operation:
(f<7:4>) — (destination<3:0>) Status Affected:
Status Affected: None Description:
Description: The upper and lower nibbles of
register 'f’ are exchanged. If 'd’ is
0, the result is placed in the W
register. If 'd’ is 1, the result is
placed in register 'f'.
XORLW Exclusive OR Literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k = (W)
Status Affected: 4
Description: The contents of the W register

are XOR’ed with the eight-bit
literal 'k'. The result is placed in
the W register.

[label] XORWF fd
0<f<127

d e [0,1]

(W) .XOR. (f) — (destination)

Z

Exclusive OR the contents of the
W register with register 'f'. If 'd" is
0, the result is stored in the W

register. If 'd" is 1, the result is
stored back in register 'f'.
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14.13 PICDEM 3 Low Cost PIC16CXXX
Demonstration Board

The PICDEM 3 demonstration board is a simple dem-
onstration board that supports the PIC16C923 and
PIC16C924 in the PLCC package. It will also support
future 44-pin PLCC microcontrollers with an LCD Mod-
ule. All the necessary hardware and software is
included to run the basic demonstration programs. The
user can program the sample microcontrollers pro-
vided with the PICDEM 3 demonstration board on a
PRO MATE Il device programmer, or a PICSTART Plus
development programmer with an adapter socket, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 3 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding hardware and connecting it
to the microcontroller socket(s). Some of the features
include a RS-232 interface, push button switches, a
potentiometer for simulated analog input, a thermistor
and separate headers for connection to an external
LCD module and a keypad. Also provided on the
PICDEM 3 demonstration board is a LCD panel, with 4
commons and 12 segments, that is capable of display-
ing time, temperature and day of the week. The
PICDEM 3 demonstration board provides an additional
RS-232 interface and Windows software for showing
the demultiplexed LCD signals on a PC. A simple serial
interface allows the user to construct a hardware
demultiplexer for the LCD signals.

14.14 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. All neces-
sary hardware is included to run basic demo programs,
which are supplied on a 3.5-inch disk. A programmed
sample is included and the user may erase it and
program it with the other sample programs using the
PRO MATE Il device programmer, or the PICSTART
Plus development programmer, and easily debug and
test the sample code. In addition, the PICDEM 17 dem-
onstration board supports downloading of programs to
and executing out of external FLASH memory on board.
The PICDEM 17 demonstration board is also usable
with the MPLAB ICE in-circuit emulator, or the
PICMASTER emulator and all of the sample programs
can be run and modified using either emulator. Addition-
ally, a generous prototype area is available for user
hardware.

14.15 KEeeLoQ Evaluation and
Programming Tools

KEELOQ evaluation and programming tools support
Microchip’s HCS Secure Data Products. The HCS eval-
uation kit includes a LCD display to show changing
codes, a decoder to decode transmissions and a pro-
gramming interface to program test transmitters.
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FIGURE 15-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND
POWER-UP TIMER TIMING
, I
. »
VDD /
l I
>>

Internal T : =~ 30 _.f (f)
POR :
PWRT ! ;
Time-out ' 32 !

:<—> ' ) «

osc ' ”
Time-out !

_ ' «

Internal : . 27

RESET ]
1 1 ((
2

! 31 .

Watchdog T T
Timer : : .
Reset ! ' |

I/O Pins yé

Note: Refer to Figure 15-3 for load conditions.

FIGURE 15-7: BROWN-OUT RESET TIMING

VDD | ]

TABLE 15-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS

Parilrgeter Sym Characteristic Min Typt Max | Units Conditions

30 TmcL  |MCLR Pulse Width (low) 2 — — us VDD =5V, -40°C to +85°C

31* TwDT Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)

32 TosT Oscillation Start-up Timer Period — 1024 Tosc — — |Tosc = OSC1 period

33* TPWRT Power-up Timer Period 28 72 132 ms | VDD =5V, -40°C to +85°C

34 Tioz 1/0 Hi-Impedance from MCLR Low — — 2.1 us
or Watchdog Timer Reset

35 TBOR Brown-out Reset Pulse Width 100 — — us | VDD < VBOR (D005)

*  These parameters are characterized but not tested.
1t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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TABLE 15-12: A/D CONVERTER CHARACTERISTICS: PIC16F7X (INDUSTRIAL, EXTENDED)
PIC16LF7X (INDUSTRIAL)

Pilr;im Sym Characteristic Min Typt Max Units Conditions
A01 |NR Resolution PIC16F7X — — 8 bits bit |VREF = VDD =5.12V,
Vss < VAIN < VREF
PIC16LF7X — — 8 bits bit |VREF=VDD =2.2V
A02 |EABS |Total absolute error — — <#1 LSb |VREF = VDD =5.12V,
Vss < VAIN £ VREF
A03 |[EIL Integral linearity error — — <+l LSb |VREF = VDD =5.12V,
Vss < VAIN £ VREF
AO4 |EDL Differential linearity error — — <#1 LSb |VREF = VDD =5.12V,
Vss < VAIN £ VREF
AO5 |EFs Full scale error — — <#1 LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF
AO6 |EorFr |Offset error — — <#1 LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF
A10 |— Monotonicity (Note 3) — guaranteed — — |Vss < VAIN < VREF
A20 |VRer |Reference voltage 2.5 — 5.5 V |-40°C to +125°C
2.2 — 5.5 V |0°Cto +125°C
A25 |VAaIN  |Analog input voltage Vss-0.3 — VREF+0.3| V
A30 |ZAIN Recommended impedance of — — 10.0 kQ
analog voltage source
A40 |laD A/D conversion |PIC16F7X — 180 — LA |Average current
current (VDD)  [p|C16LF7X _ 90 _ uA |consumption when A/D
is on (Note 1).
A50 |IREF VREF input current (Note 2) N/A — 5 LA |During VAIN acquisition.
— — 500 LA |During A/D Conversion
cycle.

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.

Note 1:

spec includes any such leakage from the A/D module.
2: VREF current is from the RA3 pin or the VDD pin, whichever is selected as a reference input.
3: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.

When A/D is off, it will not consume any current other than minor leakage current. The power-down current
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FIGURE 16-3: TYPICAL IbD vs. Fosc OVER VDD (XT MODE)
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FIGURE 16-4: MAXIMUM Ipbb vs. Fosc OVER VDD (XT MODE)
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44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

E—

ft———— F] ——————— =
f— #leads=nl —m=
o | IO
—] —
| — —1
| — —1
—] —
| — —1
— —1 D1 D
| — —1
| — —1
—] —
| — —12
= OF51
I H O
CH x 45 ~—
0 i
LA = | AP
T Tl ]
P LjL Al;l A2
|t— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 44
Pitch p .031 0.80
Pins per Side nl 11 11
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle 0 0 3.5 7 0 3.5 7
Overall Width E .463 472 482 11.75 12.00 12.25
Overall Length D .463 472 .482 11.75 12.00 12.25
Molded Package Width El .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .012 .015 .017 0.30 0.38 0.44
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top [ 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-076
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PORTE REQISIEN ..ouviiiiiiiiieciie et 37
Postscaler, WDT
Assignment (PSA DIt) .....oooviiiiiii e 20
Rate Select (PS2:PS0 DitS) ......ccocevviveriviiniieiiceieee 20
Power-down Mode. See SLEEP
Power-on Reset (POR) ......ccoocveriiiieniiieeee 89, 93, 95, 96
Oscillator Start-up Timer (OST) ....ccccovvervvernieenenn. 89, 94
POR Status (POR bit) ......ooovieiiiniiniereeee e 25
Power Control (PCON) RegiSter ...........c.coceevneeninne. 95
Power-down (PD bit) ......covvuieiieniinecreceee e 93
Power-up Timer (PWRT) ......ccocooeiinniiiiine, 89, 94
Time-out (TO Bit) ...oeeiiiiieiiie e 19, 93
PR2 REQISIEI ..iiiiiiiiiiie ittt 51
Prescaler, Timer0
Assignment (PSA DIt) .....oooviiiiiiii e 20
Rate Select (PS2:PS0 DitS) ......ccocvvvveriiinieiiccieee 20
PRO MATE Il Universal Device Programmer .................. 115
Program Counter
RESET CoNditioNS .......oooviiiiiniieiie e
Program Memory .................
Associated Registers ...
Interrupt Vector ...............
Memory and Stack Maps ........ccccccoveeriienicnienieenee. 13
Operation During Code Protect ..........ccccceceeeiieeeennnns 30
Organization ........c.ceooeerierieenie et 13
PagING ..veeiiiiiieite e 26
PMADR REQISLEI ...eeiiiiiiiie it 29
PMADRH REQISEEN .....eviiiiiiiiiiiieniie e 29
Reading FLASH ......ocoviiiiiiiicieeeeeee e 30
Reading, PMADR RegiSter .........cccceiiieiiiiieniiiieeenns 29
Reading, PMADRH ReQiISter .......cccccovvveiiiiveeniieeannns 29
Reading, PMCONL1 RegiSter ........ccoovrovveneenienieenene. 29
Reading, PMDATA RegiSter .......cccceiiiieiiiiieniiieeenns 29
Reading, PMDATH ReQISter .........ccocvvvvinienienieenene. 29
RESET VECIOI ...oiiiiiiiiiciieie e 13
Program Verification ......... ...103
Programming Pin (VPP) ............. ..8,10
Programming, Device Instructions . ... 105
PUSH et 26
R
RIW bit ..........

RAO/ANO Pin ..
RAL/AN1 Pin
RA2/AN2 Pin

RA3/AN3/VREF PiN ..ooiiiiiieiiececee e 8, 10
RAATOCKI PIN oo 8, 10
RAB/SS/ANA PiN oot 8, 10
RAM. See Data Memory

RBO/INT PN it 9,11
RB1 Pin

RB2 Pin
RB3/PGM PiN it 9,11
RB4 PN e 9,11
RB5 PN oo 9,11
RBB/PGC PiN oot 9,11
RB7/PGD Pin ......ccccoecueeene .9, 11
RCO/T1OSO/T1CKI Pin .... 9,11
RC1/T10SI/CCP2 Pin .9, 11
RC2/CCPL PN ittt 9,11
RC3/SCK/SCL PiN .ot 9,11
RCA/SDI/SDA PiN ettt 9,11
RC5/SDO PN ottt 9,11
RCB/TXICK PN ettt 9,11
RCT7/RXIDT PiN ottt 9,11

RCSTA Register
CREN bit
OERR bit
SPEN bit
SREN bit

RDO/PSPO Pin

RD1/PSP1 Pin

RD2/PSP2 Pin

RD3/PSP3 Pin

RD4/PSP4 Pin

RD5/PSP5 Pin

RD6/PSP6 Pin

RD7/PSP7 Pin

REO/RD/ANS Pin ...

RE1/WR/AN6 Pin ...

RE2/CS/AN7 Pin

Read-Modify-Write Operations ...........cccccevvveenvienverneenee. 105

Receive Overflow Indicator bit (SSPOV) ......ccccoceeviiieennnnn. 61

RegISter File ..o 13

Registers
ADCONO (A/D Control 0) ............
ADCONO (A/D Control 0) Register . .
ADCONL1 (A/D Control 1) .....cccevcvvivviiiiiiieeieeeeenn
ADCONL1 (A/D Control 1) Register
ADRES (A/D ReSUIt) ....oooiiiiiiiiiiie e
CCP1CON/CCP2CON (CCP Control) Registers ...... 54
Configuration Word Register ..........ccccoveniiieeiniinenns
Initialization Conditions (table) .............ccccecueenee.
INTCON (Interrupt Control) ...............
INTCON (Interrupt Control) Register ...
OPTION_REG ...covvveereeeiivereereenen
OPTION_REG REQIStEr ...ccvvvriviiiieiiieeieeieceiene
PCON (Power Control) ........ccceevvueeriieeeniiie e
PCON (Power Control) Register .......c.cccoceerierneennn.
PIE1 (Peripheral Interrupt Enable 1)
PIE1 (Peripheral Interrupt Enable 1) Register
PIE2 (Peripheral Interrupt Enable 2) .............
PIE2 (Peripheral Interrupt Enable 2) Register .
PIR1 (Peripheral Interrupt Request 1) ...........cccoeeueee.
PIR1 (Peripheral Interrupt Request 1) Register ........ 23
PIR2 (Peripheral Interrupt Request 2) ...........c.cccuee..e. 24
PIR2 (Peripheral Interrupt Request 2) Register ........ 24
PMCON1 (Program Memory Control 1)

REQISEr ..o
RCSTA (Receive Status and Control) Register
Special Function, Summary .........ccccccovenneennn.
SSPCON (Sync Serial Port Control) Register ...........
SSPSTAT (Sync Serial Port Status) Register ...........
STATUS REQISIEr ....eiiviiiiiitie et
T1CON (Timer 1 Control) Register ..........cccocvevvennen.
T2CON (Timer2 Control) Register ........ccccceeveveenneenn.
TRISE REQISEr ..oeiiviiiiiiiecieeeeec e
TXSTA (Transmit Status and Control) Register

RESET oottt e
Brown-out Reset (BOR). See Brown-out Reset (BOR)
MCLR Reset. See MCLR
Power-on Reset (POR). See Power-on Reset (POR)

RESET Conditions for All Registers ..........ccccceeeennne. 96
RESET Conditions for PCON Register ...... .. 95
RESET Conditions for Program Counter .... .95
RESET Conditions for STATUS Register .................. 95
RESET
WDT Reset. See Watchdog Timer (WDT)
ReVISION HISLOIY ..coouiiiiiiie e 161
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S
S (START) DIt oot 60
SCI. See USART
SCL ittt ettt en 65
Serial Communication Interface. See USART
SLEEP ...
SMP bit
Software Simulator (MPLAB SIM) ......ccccoeiiiiiiiiiieeiieee 114
Special Features of the CPU .......ccccceevieieiiieeiceee e 89
Special Function Registers .........c.cccccvevvinnennnene 16, 16—18
Speed, OPErating .....cceeeoveeeriiieiriee et 1
15T o 1Y o T [ T RIS 59
Associated RegiSters ........cccccevvviriirieeiienieeneeeeeens 64
Serial Clock (SCK pin) ... ...59
Serial Data In (SDI pin) .. ...59
Serial Data Out (SDO pin) ....b9
Slave Select ..o 59
SSP
Overview
RAS/SS/ANA PiN .o
RC3/SCK/SCL Pin ..
RC4/SDI/SDA Pin ...
RC5/SDO Pin .........
SSP 12C OPEIAtON .......cvveveeeereseeseeeeereeeeseseseereeneseeseeneenen,
SIaVE MOAE ..ot
SSPEN DIt oot
SSPIF DIt weeeieiiie et
SSPM<3:0> DItS .evvviiiiiiieiiiii e
SSPOV Dt vttt
Stack ............
Overflows . .
UNderflow .....ooceeiiiiiiii
STATUS Register
[ L O = | SR 19
IRP Bit oot 19
PD Bil oo 93
TO Bit .. 93
Z Bit i ... 19
Synchronous Serial Port Enable bit (SSPEN) ... ... 61
Synchronous Serial Port Interrupt bit (SSPIF) ........c.ccc...... 23
Synchronous Serial Port Mode Select bits
(SSPMS<B:0>) viiciiiiieecie et 61
Synchronous Serial Port. See SSP
T
TACKPSO Bt et 47
TACKPSL Bt .oceviiiiiiiieecee e 47
TLOSCEN DIt .eeveeiieeeiiee e 47
TASYNC DIt oo 47
T2CKPS0 DIt oot 52
T2CKPSL1 bit ...52
TAD i ... 87
Time-out Sequence ..... ...94
THMEIO ettt et et e e e ee e nee s 43
Associated RegiSters ........ccocevvveiiiriieiiicnieenecneeens 45
Clock Source Edge Select (TOSE bit) .......cccceevveeenes 20
Clock Source Select (TOCS bit) ....occovevevveniieiiieesieene. 20
External Clock .......cccccccoveeiiinennns ... 44
Interrupt .....oooveiei ....43
Overflow Enable (TMROIE bit) .......ccccoovvviiininnnenn. 21
Overflow Flag (TMROIF bit) .....cocoveviiniiiiiiiicis 100
Overflow INErrupt ......ooviiiiiiiieee e 100
PreSCaler ....cocviieiiiiee et 45
RA4/TOCKI Pin, External Clock ..........cccccoeevneenen. 8, 10
TOCKI ittt 44

11001 RSSO 47
Associated RegiSters .........cccecveriinneiniienie e 50
Asynchronous Counter Mode .........ccocueeeriieeiniineenns 49
Capacitor Selection ............. ... 50
Counter Operation ........... ... 48
Operation in Timer Mode ... 48
[© o311 = o SR 50
PreSCaler ......cocveviiciiie e 50
RCO/TIOSO/TICKI Pin .oooiiiiiiiiiieiciiecic e 9, 11
RCL/TLIOSI/CCP2 PiN ..oveeiieeeeiee e 9, 11
Resetting of Timerl Registers ..........ccccoveveeieeneennnn. 50
Resetting Timerl using a CCP Trigger Output ......... 50
Synchronized Counter Mode ..........ccceevineenne ... 48

TMR1H Register ................
TMRLL Register ..... .
TIMEI2 et e et e e e e e
Associated RegiSters .........ccceoveriiinneiniienie e
OUEPUL e
POSESCAIEI ....vvvviiiiee e
Prescaler .......cccccccoeeveunnns
Prescaler and Postscaler
Timing Diagrams

A/D CONVEISION ..ovvvviiiieeeecciiiieee et 139
Brown-out RESEL ........ccvviiiiiiiiiiiiiiiiiiiiiiieiiieieieinieinnes 128
Capture/Compare/PWM (CCP1 and CCP2) ........... 130
CLKOUT @nd /O ..eeeeceeeeeeeeeeeeeeeeeeeeee e 127
EXxternal CIOCK .......ccccvviiiieiiiiiiieie e 126
12C BUS DA ...vovvoveeeeeeeeeeeeeeeeeeeneeee e neenes e 135
12C Bus START/STOP bits ... 134

I2C Reception (7-bit Address) ...

I2C Transmission (7-bit Address) ... ... 67
Parallel Slave POort ..........oooovvviiiieieeeeeciiieeee e 131
Parallel Slave Port Read Waveforms ...........cccccuve.e... 41
Parallel Slave Port Write Waveforms ...........cccccu....... 41
Power-up TiMer .......ccicoiiiiiiniiiie e 128
PWM Output ........ ... 57

RESET e 128
Slow Rise Time (MCLR Tied to VDD Through

RC NetWOrk) ..c.eevvviiieiiiieiieee e 98
SPI Master Mode (CKE =0, SMP =0) .....cccceveeunnne 132
SPI Master Mode (CKE =1, SMP = 1) .....cccceevveunnne 132
SPI Mode (Master Mode) .......ccoccueeerieeeniieeeeiee e 63
SPI Mode (Slave Mode with CKE = 0) ........ccceveeee. 63
SPI Mode (Slave Mode with CKE = 1) .......cccceeneeee. 63

SPI Slave Mode (CKE = 0)
SPI Slave Mode (CKE = 1)
Start-up TIMET ..oooiiiicceie e
Time-out Sequence on Power-up (MCLR Not
Tied to VDD)
CASE L oo 98
CaASE 2 i, 98
Time-out Sequence on Power-up (MCLR Tied to Vdd
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TIMer0 ....ocovvviiiiiieie .
TIMEIrL o
USART Asynchronous Master Transmission ............ 74
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(Back to Back) .......ccceeerieeeiiiiiieiiiee e
USART Asynchronous Reception
USART Synchronous Receive (Master/Slave) ........ 137
USART Synchronous Reception

(Master Mode, SREN) ......ccccevviiiieneennnn. 79
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Wake-up from SLEEP via Interrupt ...........cccocoeeeenns 103
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CLKOUT and /O ...vvveeeeeeceeiieeee e 127
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SPIMOAE ettt 134
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Universal Synchronous Asynchronous
Receiver Transmitter. See USART
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Asynchronous RECEIVET .........ccccceviiiiniciiiiiececaine 75
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Associated Registers
Asynchronous Transmitter

Baud Rate Generator (BRG) ........cccccoveeivienieineenn 71
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SaMPlNG oeeiiiiiie e 71
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Wake-up from SLEEP .........ccccoooiiiiiiiiinieeeniieeee,
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WDT RESEL ....ooiiiiiiiiiicii
Wake-up Using Interrupts ....
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