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PIC16CR7/X

TABLE 1-2: PIC16CR73 AND PIC16CR76 PINOUT DESCRIPTION (CONTINUED)
PDIP
Pin Name SSop M.LF vo/p Buffer Description
SOIC Pin# Type Type
Pin#
PORTC is a bidirectional 1/0O port.
RCO/T10SO/T1CKI 1 8 ST
RCO lfe} Digital I/O.
T10SO O Timerl oscillator output.
T1CKI | Timerl external clock input.
RC1/T10SI/CCP2 12 9 ST
RC1 110 Digital I/O.
T10SI | Timerl oscillator input.
CCP2 I/0 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 110 Digital I/O.
CCP1 110 Capturel input/Comparel output/PWM1 output.
RC3/SCK/SCL 14 11 ST
RC3 110 Digital I/O.
SCK 110 Synchronous serial clock input/output for SPI mode.
SCL 110 Synchronous serial clock input/output for [2C™ mode.
RC4/SDI/SDA 15 12 ST
RC4 110 Digital I/O.
SDI | SPI data in.
SDA /0 1>C™ data I/O.
RC5/SDO 16 13 ST
RC5 110 Digital I/O.
SDO O SPI data out.
RC6/TX/ICK 17 14 ST
RC6 110 Digital I/O.
TX (@) USART asynchronous transmit.
CK 110 USART 1 synchronous clock.
RC7/RX/IDT 18 15 ST
RC7 110 Digital I/O.
RX | USART asynchronous receive.
DT 110 USART synchronous data.
Vss 8, 19 5,16 P — Ground reference for logic and 1/O pins.
VDD 20 17 P — Positive supply for logic and I/O pins.
Legend: |=input O = output I/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 the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Verify mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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FIGURE 2-2:

PIC16CR77/76 REGISTER FILE MAP

File
Address

Indirect addr.(*)| 00h
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTDW | 08h
PORTE® | 09h
PCLATH 0Ah
INTCON OBh
PIR1 0Ch
PIR2 0Dh
TMRI1L OEh
TMR1H OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPR1L 15h
CCPR1H 16h
CCP1CON | 17h
RCSTA 18h
TXREG 19h
RCREG 1Ah
CCPR2L | 1Bh
CCPR2H | 1Ch
CCP2CON_ | 1Dh
ADRES 1Eh
ADCONO 1Fh
20h

General

Purpose

Register

96 Bytes
7Fh

Bank O

File
Address
Indirect addr.(*)| 8oh
OPTION_REG| 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD® | ggh
TRISED | goh
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
8Fh
90h
91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
TXSTA 98h
SPBRG 9%h
9Ah
9Bh
9Ch
9Dh
9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
80 Bytes
EFh
accesses FOh
70h-7Fh
FFh
Bank 1

File

Address

Indirect addr.(*)| 100h

TMRO 101h

PCL 102h

STATUS 103h

FSR 104h

105h

PORTB 106h

107h

108h

109h

PCLATH 10Ah

INTCON 10Bh

PMDATA 10Ch

PMADR 10Dh

PMDATH | 10Eh

PMADRH | 10Fh

110h

111h

112h

113h

114h

115h

116h

General 117h

pumcse | 11sn

16 Bytes 119h

11Ah

11Bh

11Ch

11Dh

11Eh

11Fh

120h
General
Purpose
Register
80 Bytes

16Fh

accesses 170h
70h-7Fh

17Fh
Bank 2

] unimplemented data memory locations, read as ‘0.
* Not a physical register.

Note 1:

These registers are not implemented on 28-pin devices.

File
Address
Indirect addr.(*)| 180h
OPTION_REG| 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
PMCON1 18Ch
18Dh
18Eh
18Fh
190h
191h
192h
193h
194h
195h
196h
Semaay | o
Register | 198h
16 Bytes 199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h
General
Purpose
Register
80 Bytes 1EFh
accesses 1FOh
70h-7Fh
1FFh
Bank 3

DS21993C-page 14
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PIC16CR7/X

4.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a High-Impendance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

FIGURE 4-3: BLOCK DIAGRAM OF

RB3:RBO PINS

VDD

Weak
P pull-up

RBPU®

Data B Data Latch
ata Bus
D Q —X
110
WR Port CK _\_ pin(l)
TRIS Latch
b Q TTL
Input 7
WR TRIS cK —\_ Buffer
pd
RD TRIS
/] Q D

RD Port

EN
RBO/INT k

Schmitt
Buffer

/A

rigger ‘ RD Port

—

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

2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Four of the PORTB pins (RB7:RB4) have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are ORed together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt on mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “Implementing Wake-up on Key
Stroke” (AN552).

RBO/INT is an external interrupt input pin and is
configured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.11.1 “INT
Interrupt”.

FIGURE 4-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
VDD
REPUR
RBPU® o Weak
Pull-up
Data Latch
Data Bus D Q ™~ E
110
WR Port CK_\_ pin(l)
TRIS Latch
D Q
WR TRIS TTL
CK_\— Input 7
Buffer
q b
RD TRIS
Latch
/‘ Q D
RD Port
EN Q1
Set RBIF
(i P—
From other RD Port
RB7:RB4 pins EN
Q3
Note 1: 1/0 pins have diode protection to VDD and Vss.
2:  To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

© 2007 Microchip Technology Inc.
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REGISTER 4-1: TRISE: (ADDRESS 89h)

R-0 R-0 R/W-0 R/W-0 U-0 R/W-1 R/W-1 R/W-1
IBF OBF | 1BOV |[PSPMODE| — Bit 2 Bit 1 Bit 0
bit 7 bit 0
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
bit 7 Parallel Slave Port Status/Control bits:

IBF: Input Buffer Full Status bit

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

bit 6 OBF: Output Buffer Full Status bit

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

bit 5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)

1 = A write occurred when a previously input word has not been read
(must be cleared in software)
0 = No overflow occurred

bit 4 PSPMODE: Parallel Slave Port Mode Select bit

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

bit 3 Unimplemented: Read as ‘0’

bit 2 PORTE Data Direction bits:
Bit 2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output

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

bit 0 Bit 0: Direction Control bit for pin REO/RD/AN5
1 = Input
0 = Output

DS21993C-page 38 © 2007 Microchip Technology Inc.
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6.5 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TIOSCEN (T1CON<3>). The oscilla-
tor is a low-power oscillator rated up to 200 kHz. It will
continue to run during Sleep. It is primarily intended for
use with a 32 kHz crystal. Table 6-1 shows the capaci-
tor selection for the Timerl oscillator.

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

6.6 Resetting Timerl using a CCP
Trigger Output

If the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger”
(CCP1M3:CCP1MO = 1011), this signal will reset
Timerl.

Note:  The special event triggers from the CCP1
and CCP2 modules will not set interrupt

flag bit TMR1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode, to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timerl coincides with a
special event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXL regis-
ter pair effectively becomes the period register for
Timerl.

6.7 Resetting of Timerl Register Pair

(TMR1H, TMR1L)

TMR1H and TMRLL registers are not reset to 00h on a
POR, or any other Reset, except by the CCP1 and
CCP2 special event triggers.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Capacitors Used:
Osc Type | Frequency
0oscC1 0osc2
LP 32 kHz 47 pF 47 pF
100 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
were not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes (below) table for additional information.

Commonly Used Crystals:

32.768 kHz Epson C-001R32.768K-A

100 kHz Epson C-2 100.00 KC-P

200 kHz STD XTL 200.000 kHz

Note 1: Higher capacitance increases the stability

of the oscillator, but also increases the
start-up time.

2: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external compo-
nents.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other Resets, the register
is unaffected.

6.8

The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.

Timerl Prescaler

TABLE 6-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR Resets

0Bh,8Bh, INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF® 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
OEh TMRI1L |Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
OFh TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
10h T1CON — ‘ — ‘ T1CKPS1 ‘ T1CKPS0 ‘ T10SCEN ‘ T1SYNC ‘ TMR1CS ‘ TMRION | --00 0000 | --uu uuuu
Legend: x = unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16CR73/76; always maintain these bits clear.

DS21993C-page 50
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8.5 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin
produces 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 I/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 8.5.3 “ SetUp
for PWM Operation”.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers CCP1CON<5:4>

[«

‘ CCPRI1L ‘

‘CCPRlH (SIave)| ‘

‘ Comparator | R Q
ﬁ? RC2/CCP1
‘ TMR2 | 1) ‘
—S
TRISC<2>
Clear Timer,
CCP1 pin and

latch D.C.

Note 1: The 8-bit timer is concatenated with the 2-bit inter-
nal Q clock or the 2 bits of the prescaler to create the
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
TMR2 TMR2
Reset Reset
Period
]

| | | [
' Duty Cycle E

TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

8.5.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

PWM period =[(PR2) + 1] » 4« TOSC *
(TMR2 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
e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 8.3
“Capture Mode”) is not used in the deter-
mination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.

8.5.2 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:CCP1CONK<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)

CCPR1L and CCP1CONK<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 CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2,
concatenated 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:

'OQ(FOSC)

Resolution = its
I 0g(2)

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

© 2007 Microchip Technology Inc.
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9.3.1.1 Addressing

Once the SSP module has been enabled, it waits for a
Start condition to occur. Following the Start condition,
the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

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

b) The Buffer Full bit, BF is set.

c) AnACK pulse is generated.

d) SSP Interrupt Flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated if enabled) — on the falling
edge of the ninth SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave (Figure 9-7). The five Most Sig-
nificant bits (MSbs) of the first address byte specify if
this is a 10-bit address. Bit R/W (SSPSTAT<2>) must
specify a write so the slave device will receive the sec-
ond address byte. For a 10-bit address, the first byte
would equal ‘1111 0 29 A8 0’, where A9 and A8 are
the two MSbs of the address.

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

1. Receive first (high) byte of address (bits SSPIF,
BF, and bit UA (SSPSTAT<1>) are set).

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

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

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

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

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

7. Receive Repeated Start condition.

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

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

TABLE 9-2: DATA TRANSFER RECEIVED BYTE ACTIONS
Status Bits as Data —_— Set bit SSPIF
Transfer is Received SSPSR — SSPBUF Genirl?lt:eACK (SSP Interrupt occurs
BE SSPOV if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

Note:  Shaded cells show the conditions where the user software did not properly clear the overflow condition.

9.3.1.2 Reception

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

When the address byte overflow condition exists, then
no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON<6>) is set. This is an error
condition due to the user’s firmware.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

DS21993C-page 66
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10.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one Start bit, eight or nine data bits,
and one Stop bit). The most common data format is 8-
bits. An on-chip, dedicated, 8-bit baud rate generator
can be used to derive standard baud rate frequencies
from the oscillator. The USART transmits and receives
the LSb first. The USART's transmitter and receiver are
functionally independent, but use the same data format
and baud rate. The baud rate generator produces a
clock, either x16 or x64 of the bit shift rate, depending
on bit BRGH (TXSTA<2>). Parity is not supported by
the hardware, but can be implemented in software (and
stored as the ninth data bit). Asynchronous mode is
stopped during Sleep.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the
following important elements:

* Baud Rate Generator

e Sampling Circuit

e Asynchronous Transmitter
¢ Asynchronous Receiver

10.2.1 USART ASYNCHRONOUS
TRANSMITTER

The USART transmitter block diagram is shown in
Figure 10-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains its
data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data by firmware. The
TSR register is not loaded until the Stop bit has been
transmitted from the previous load. As soon as the Stop
bit is transmitted, the TSR is loaded with new data from
the TXREG register (if available). Once the TXREG
register transfers the data to the TSR register, the
TXREG register is empty. One instruction cycle later,
flag bit TXIF (PIR1<4>) and flag bit TRMT (TXSTA<1>)
are set. The TXIF interrupt can be enabled/disabled by
setting/clearing enable bit TXIE (PIE1<4>). Flag bit TXIF
will be set, regardless of the state of enable bit TXIE and
cannot be cleared in software. It will reset only when new
data is loaded into the TXREG register. While flag bit
TXIF indicates the status of the TXREG register, another
bit TRMT (TXSTA<1>) shows the status of the TSR
register. Status bit TRMT is a read-only bit, which is set
one instruction cycle after the TSR register becomes
empty, and is cleared one instruction cycle after the TSR
register is loaded. No interrupt logic is tied to this bit, so
the user has to poll this bit in order to determine if the
TSR register is empty.

Note 1: The TSR register is not mapped in data
memory, so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set. TXIF is cleared by loading TXREG.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 10-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible (Figure 10-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RC6/TX/CK pin will revert
to high-impendance.

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

© 2007 Microchip Technology Inc.
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FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK-TO-BACK)
Write to TXREG I I 55
BRG Output Word 1 Word 2
(shift Clock) — — —— 1 e o
RC6/TX/CK (pi ! . .
TXIS'&)I NStart bit < bit0 bit T bit 7/8 Stop bit \Startbit " bit0
(Interrupt Reg. Flag) - Word 1 ’ Word 2
i | cc
T JJ
TRMT bit .
(Transmit Shift TWord l-t Shift R Word2 —
Reg. Empty Flag) ransmit Shiit keg. Transmit Shift Reg.
1 (C
JJ
Note: This timing diagram shows two consecutive transmissions.
TABLE 10-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
0Bh, 8Bh, [INTCON GIE PEIE |TMROIE| INTE | RBIE | TMROIF | INTF RBIF 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 Data 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 locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16CR73/76; always maintain these bits clear.
10.2.2 USART ASYNCHRONOUS the FIFO. Overrun bit OERR has to be cleared in soft-
RECEIVER ware. This is done by resetting the receive logic (CREN

The receiver block diagram is shown in Figure 10-4.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high-speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter
operates at the bit rate, or at Fosc.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the Receive (serial) Shift
Register (RSR). After sampling the Stop bit, the
received data in the RSR is transferred to the RCREG
register (if it is empty). If the transfer is complete, flag
bit RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a
double buffered register (i.e., it is a two-deep FIFO). It
is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte to
begin shifting to the RSR register. On the detection of
the Stop bit of the third byte, if the RCREG register is
still full, the overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG
register can be read twice to retrieve the two bytes in

is cleared and then set). If bit OERR is set, transfers
from the RSR register to the RCREG register are inhib-
ited and no further data will be received, therefore, it is
essential to clear error bit OERR if it is set. Framing
error bit FERR (RCSTA<2>) is set if a Stop bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore, it is essential for the user to read the
RCSTA register before reading RCREG register, in
order not to lose the old FERR and RX9D information.

© 2007 Microchip Technology Inc.
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FIGURE 10-6: SYNCHRONOUS TRANSMISSION
ctdosserododesarfodedodorosedodoriodeded  fogos: orodogodarodosodaroriodosarfoded oferiesedodoriogosios
RC7/RX/DT X B0 X BT X B2 : bit 7 : bit 0 : bit T SDCE
pn ! : Word 1 | - Word 2 . L -
RC6/TX/CK : — : : [ e IR e IR v N e N ;
pin ! . , , , , , . ,
Write to ,—i : |_i : C : : : : (c :
TXREG reg Wrilte Word 1 : Writle Word 2 : 27 : : : : R :
TXIF bit P ! ' ' ' ' ' : (¢ '
(Interrupt Flag) : ! : : )( )( ' ' ! X 2J !
TRMT bit F—— ! : ‘e ! ¢ [
. . . . ) . . . . b)) .
TXEN bit & : , ' ' { : : l {§ | -

Note: Sync Master mode; SPBRG = 0. Continuous transmission of two 8-bit words.

FIGURE 10-7: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X bito X bita Xbitzgs >< bite X bit7
RC6/TX/CK pin /—\§ M

TXRévGritlgetg J )KS

i ' (C :

TXIF bit (
TRMT bit 4‘ g)(
igd
TXEN bit ))

TABLE 10-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets

0Bh, 8Bh, |INTCON GIE PEIE | TMROIE | INTE | RBIE | TMROIF | INTF RBIF | 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 — FERR OERR RX9D | 0000 -00x | 0000 -00x
19h TXREG |[USART Transmit Data 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 the PIC16CR73/76 devices; always maintain these bits clear.
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REGISTER 11-2: ADCONL1: (ADDRESS 1Fh)

u-0 U-0 u-0 U-0 u-0 R/W-0 RIW-0 RIW-0
— - | = 1 = — PCFG2 PCFG1 PCFGO
bit 7 bit 0
Legend:
R = Readable hit 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
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 |REOM |RE1ID |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 /0

Note 1: REO, RE1 and RE2 are implemented on the PIC16CR74/77 only.
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REGISTER 12-1: CONFIGURATION WORD: (ADDRESS 2007h(1))

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 13 bit 7
R/P-1 U-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
BOREN | — | cpo | PWRTEN | wpTEN | Fosci FOSCO
bit 6 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bitis
unknown

bit 13-7 Unimplemented: Read as ‘1’
bit 6 BOREN: Brown-out Reset Enable bit
1 = BOR enabled
0 = BOR disabled
bit 5 Unimplemented: Read as ‘1’
bit 4 CPO: ROM Program Memory Code Protection bit
1 = Code protection off
0 = All memory locations code protected
bit 3 PWRTEN: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled
bit 2 WDTEN: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled
bit 1-0 FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator
Note 1. The erased (unprogrammed) value of the Configuration Word is 3FFFh.
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12.4 MCLR

PIC16CR7X devices have a noise filter in the MCLR
Reset path. The filter will detect and ignore small
pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

The behavior of the ESD protection on the MCLR pin
has been altered from previous devices of this family.
Voltages applied to the pin that exceed its specification
can result in both MCLR Resets and excessive current
beyond the device specification during the ESD event.
For this reason, Microchip recommends that the MCLR
pin no longer be tied directly to VDD. The use of an RC
network, as shown in Figure 12-5, is suggested.

FIGURE 12-5: RECOMMENDED MCLR
CIRCUIT

Voo PIC16CR7X
§ R1

1 kQ (or greater)

MCLR

—LC1
“T~ 0.1pF

(optional, not critical)

12.5 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.2V-1.7V). To take
advantage of the POR, tie the MCLR pin to VDD as
described in Section 12.4 “MCLR”. A maximum rise
time for VDD is specified. See the Electrical Specifica-
tions for details.

When the device starts normal operation (exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature,...) must be met to ensure
operation. If these conditions are not met, the device
must be held in Reset until the operating conditions are
met. For additional information, refer to Application
Note AN607, “Power-up Trouble Shooting” (DS00607).

12.6 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only from the POR. The Power-
up Timer operates on an internal RC oscillator. The
chip is keptin Reset as long as the PWRT is active. The
PWRT's time delay allows VDD to rise to an acceptable
level. A Configuration bit is provided to enable/disable
the PWRT.

The power-up time delay will vary from chip-to-chip,
due to VDD, temperature and process variation. See
DC parameters for details (TPWRT, parameter #33).

12.7 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024 oscil-
lator cycles (from OSC1 input) delay after the PWRT
delay is over (if enabled). This helps to ensure that the
crystal oscillator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset, or wake-up from
Sleep.

12.8 Brown-out Reset (BOR)

The Configuration bit, BODEN, can enable or disable
the Brown-out Reset circuit. If VDD falls below VBOR
(parameter D005, about 4V) for longer than TBOR
(parameter #35, about 100 puS), the brown-out situation
will reset the device. If VDD falls below VBOR for less
than TBOR, a Reset may not occur.

Once the brown-out occurs, the device will remain in
Brown-out Reset until VDD rises above VBOR. The
Power-up Timer then keeps the device in Reset for
TPWRT (parameter #33, about 72 mS). If VDD should fall
below VBOR during TPWRT, the Brown-out Reset pro-
cess will restart when VDD rises above VBOR, with the
Power-up Timer Reset. The Power-up Timer is always
enabled when the Brown-out Reset circuit is enabled,
regardless of the state of the PWRT Configuration bit.

12.9 Time-out Sequence

On power-up, the time-out sequence is as follows: the
PWRT delay starts (if enabled) when a POR Reset
occurs. Then, OST starts counting 1024 oscillator
cycles when PWRT ends (LP, XT, HS). When the OST
ends, the device comes out of Reset.

If MCLR is kept low long enough, all delays will expire.
Bringing MCLR high will begin execution immediately.
This is useful for testing purposes or to synchronize
more than one PIC16CR7X device operating in
parallel.

Table 12-5 shows the Reset conditions for the
STATUS, PCON and PC registers, while Table 12-6
shows the Reset conditions for all the registers.
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12.10 Power Control/Status Register
(PCON)

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

Bit 0 is Brown-out Reset Status bit, BOR. Bit BOR is
unknown on a Power-on Reset. It must then be set by

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

Bit 1 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.

the user and checked on subsequent Resets to see if

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 x 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 STATUS 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 OQuuu |  ---- -- uu
Brown-out Reset 000h 0001 luuu | ---- -- u0
Interrupt wake-up from Sleep pPC +1® uuul Ouuu | ---- -- uu

Legend:

Note 1:
(0004h).

u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’
When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

© 2007 Microchip Technology Inc.
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12.13 Watchdog Timer (WDT) WDT time-out period values may be found in the
] ) ) ] Electrical Specifications section under parameter #31.
The Watchdog Timer is a free running on-chip RC Values for the WDT prescaler (actually a postscaler, but
oscillator, WhICh does_ not require any external compo- shared with the Timer0 prescaler), may be assigned
nents. This RC oscillator is separate from the RC using the OPTION_REG register.
oscillator of the OSC1/CLKIN pin. That means that the
WDT will run, even if the clock on the OSC1/CLKIN and Note 1: The CLRWDT and SLEEP instructions
OSC2/CLKOUT pins of the device has been stopped, clear the WDT and the postscaler, if
for example, by execution of a SLEEP instruction. assigned to the WDT, and prevent it from
During normal operation, a WDT time-out generates a 22}:3%3? and generating a device Reset
device Reset (Watchdog Timer Reset). If the device is '
in Sleep mode, a WDT time-out causes the device to 2: When a CLRWDT instruction is executed
wake-up and continue with normal operation (Watch- and the prescaler is assigned to the WDT,
dog Timer Wake-up). The TO bit in the STATUS regis- the prescaler count will be cleared, but
ter will be cleared upon a Watchdog Timer time-out. the prescaler assignment is not changed.

The WDT can be permanently disabled by clearing
Configuration bit, WDTE (Section 12.1 “Configuration
Bits”).

FIGURE 12-11: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source

(Figure 5-1)
[ o
| ™ E— Postscaler
WDT Timer u
X { 8
* f 8-to-1 MUX --— PS2:PSO
WDT PSA
Enable Bit
&——m To TMRO (Figure 5-1)

SERE

MUX -4— PSA

WDT
Time-out

Note: PSA and PS2:PS0 are bits in the OPTION_REG register.

TABLE 12-7: SUMMARY OF WATCHDOG TIMER REGISTERS

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) |BOREND| — cpPo | PWRTEN® | WDTEN | FOSC1 | FOSCO
81h,181h |OPTION_REG | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.
Note 1: See Register 12-1 for operation of these bits.
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FIGURE 16-13: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40°C TO 125°C)
) é\
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FIGURE 16-14: AVERAGE WDT F%TQ\D/@ VDD OVER TEMPERATURE (-40°C TO 125°C)
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40-Lead Plastic Dual In-Line (P) — 600 mil Body [PDIP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
N
e e N e Yt Y e N s N s Y e N e e Y Y e T s Y o N e Y e Yt Y e Y s I s |
NOTE 1

L8[ N R O [y O [ R [ [y P [y [ O O [ O [ R O [y [ M

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

E
I
| I
— || -—-—C
eB
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 40
Pitch e .100 BSC
Top to Seating Plane A - - .250
Molded Package Thickness A2 .125 - .195
Base to Seating Plane Al .015 - -
Shoulder to Shoulder Width E .590 - .625
Molded Package Width E1l .485 - .580
Overall Length 1.980 - 2.095
Tip to Seating Plane L 115 - .200
Lead Thickness c .008 - .015
Upper Lead Width bl .030 - .070
Lower Lead Width b .014 - .023
Overall Row Spacing 8§ eB - - .700

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-016B
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B
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PIC16CR74 and PICL16CRT77.....cccccoiiiiiiiaiieeiieeiie e 7
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RAA/TOCKI PiN .o
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PORTD and PORTE (Parallel Slave Port).................. 40

PORTE (In I/O POrt Mode) ......c.ccevvveveiiiiiiieeee e 37
PWM Mode......c..cccvveennne. ... 57
RC Oscillator Mode ............. ... 92
Recommended MCLR Circuit.. ... 94
RESEL CIFCUIL ...vvvvieec et 93
SSP (I2C MOUE) ..., 65
SSP (SPIMOUE) ..cecvevieeieie et 62
TimerO/WDT Prescaler.......ccccceveeeeveiieeieee e 43
TIMEIL oo 48
I 1= 7SR 51
USART
Receive 76
Watchdog Timer (WDT)....c.ooiiieiiiiiee e 101
BOR. See Brown-out Reset
BRGH Dt 1.vivieceiie e 71
Brown-out Reset (BOR).........ccccovveerriieennns 89, 93, 94, 95, 96
C
C Compilers
L N = I O PR 114
MPLAB C30....ciiiiiiiee e eieeeeeeeeseae e s sae e nnae e 114

Capture/Compare/PWM (CCP)
Associated Registers

Capture Mode.................
Prescaler ...
CCP Pin Configuration .........cccccovevveiveeeeniiiiieennn. 55, 56
CCP1
RC2/CCPL PNttt 9,11
CCP2
RCL/TLIOSI/CCP2 PiN .o 9,11
Compare Mode..........ccccuee.. ... 55
Software Interrupt Mode.. .. 56
Special Trigger Output..... ... 56
Timerl Mode Selection..........ccccovueeiiiieeiniiinenne 56
Example PWM Frequencies and Resolutions ............ 58
Interaction of Two CCP Modules..........cccccocvveinineenns 53
PWM DUty CYCIE .....ooiiiiieiiiiieeiieee e 57
PWM Mode........... ... 57
PWM Period ................. ... 57
Setup for PWM Operation ...........ccccevueenne ... 58
Special Event Trigger and A/D Conversions .............. 56
TIMEr RESOUICES ....c..vvviiiiie et 53
CCPL MOAUIE ..ttt 53
CCP2 MOAUIE ...t 53
CCPRIH REQISTEI...uviiiiee et 53
CCPRILL REQGISIEN ..ccuiviiiiiiee ettt 53
CCPxM<3:0> bits....... .54
CCPxX and CCPXY bhits... .54
CKE bit .eeeveiiiiieeee .... 60
CKP Dt i 61
Code Examples
Call of a Subroutine in Page 1 from Page O............... 26
Changing Between Capture Prescalers ..................... 55

Changing Prescaler Assignment to TimerQ
Changing Prescaler Assignment to WDT ..

Indirect ADdressing........ccccoeeevveeeriiieennns .27

Initializing PORTA ....ooiiiiie e 31

Reading a 16-bit Free-Running Timer...........c.ccccce.... 49

ROM Program Read...........cccevviiiiiiiiieeiiee e 30
Saving STATUS, W, and PCLATH Registers

N RAM ...t 100

Writing a 16-bit Free-Running Timer ..........ccccccceeeennee 49

Code Protection...........ccoceiiiiiiiniiiiiinice e 89, 103
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Operation During Code Protect............ccceevvveeiieneennnes 30
Organization ..........ceeeueeeeiiie e e e 13
2=V 11 T S RSRRN 26

RIW DIt oo 60, 66, 67
RAO/ANO Pin ... ...8,10

RA1/AN1 Pin... .8, 10
RA2/ANZ PiN ..o 8,10
RA3/AN3/VREF PiN. ..o 8,10
RAATOCKI PN .o 8,10
RAS/SS/ANA PiN ..o 8,10
RAM. See Data Memory
RBO/INT Pin ... ...8,11
RB1 Pin........... ...8,11
RB2 PN ..ottt 8,11
RB3 PilN ..o 8,11
RB4 PN .o 8,11
RBS5 PN ..ot 8,11
RBG PiN ... 8,11
RB7 PN ..o 8,11
RCO/T1OSO/T1CKI Pin .. ..9,11
RC1/T10SI/CCP2 Pin..... ..9,11
RC2/CCP1 Pin .......... ..9,11
RC3/SCK/SCL PiN ..ot 9,11
RCA/SDI/SDA PiN ..o 9,11
RC5/SDO PiN....coiiiiiiiiiiiiiici i 9,11
RCB/TX/CK PiN .o 9,11
RC7/RXIDT PN 9,11
RCSTA Register
CREN Bit.iieiiiiciiiiiieeree e
OERR Bil ..o
SPEN Bit ..o
SREN Bt
RDO/PSPO PiN.....cciiiiiiiiiiiiiiieci e
RDI/PSPL PiN...ooiiiiiiiiiiiiiiic e
RD2/PSP2 PiN....eoiiiiiiiiiiiie i

RD3/PSP3 Pin....
RD4/PSP4 Pin....
RD5/PSP5 Pin.... .
RDB/PSP PiM......cccceeererressssssasasesnsseeseeesssssssssessesessssssssnnns
RD7/PSPT PiMl.ccovvceveeeeesssesssaasaesssesssssesseesssssssssessssessssssssnens
REO/RD/ANS Pin
RELWRIANG Pl ...ccocvvvvvesssosnsssesesssesssesessessssssesessesennssnnns 12
RE2/CS/ANT PiN.vvvvveeeeeeeeessasnsssnssessssesss e sessssssssssessenssennns 12

Reader Response............cc....... ...168
Read-Modify-Write Operations.................... ...105
Receive Overflow Indicator bit (SSPOV)........cccocveeeviiinnnns 61
REQISLEr File ... 13
Registers
ADCONO (A/D Control 0) .....cceevereeneerreneereseneeeeees 83
ADCONO REQGISEEN ....cciiviiiiiieie ittt 83
ADCONL1 (A/D CoNtrol 1) ..cc.eoveeeveriiniienieneeiesicneeeees 83
ADCONL REQISEEr ... iieiiieiee e 84

ADRES (A/D RESUIL)....cuviiiiiiiiiiieie e 83
CCP1CON/CCP2CON REQIStEr .....eeeieiaiieaiiieiiieaiinne 54
Configuration Word Register .........ccocvvveveeeiriiiiinnnnn. 90
Initialization Conditions (table).. 96-97

INTCON (Interrupt Control).... .21
INTCON Register................... .21
OPTION_REG .....ooitiiiiiiitieieie sttt 20
OPTION_REG REQSter......ceiviriiiieriinicieniiciens 20, 44
PCON (Power Control) ........cceeeeveiiieiieeeseniieiieee e 25
PCON REQISIEN ....eiiiiiiiiiiiie ettt 25
PIE1 (Peripheral Interrupt Enable 1)...........cccccceeenneee. 22
PIEL REJISIEN it 22
PIE2 (Peripheral Interrupt Enable 2)... .24

PIE2 Register .......ccoooeeviiveniieeenne .24
PIR1 (Peripheral Interrupt Request 1) .23
PIRL REQISIEN ....eeviiiiiiii ettt 23
PIR2 (Peripheral Interrupt Request 2) ..........ccccceevnnes 24
PIR2 REQISIEN ...ttt 24
PMCON1 (Program Memory Control 1) Register ....... 29
RCSTA REQISIEN ..ottt
Special Function, Summary...

SSPCON Register.................

SSPSTAT REQISLEN ...t
STATUS REQISIET ...vvvivie it
TLCON REQGISTEN ..ttt
T2CON REGISTEN .ot

TRISE Register...
TXSTA Register..

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 .........cccccceveevinnnes 96
RESET Conditions for PCON Register...........c........... 95
RESET Conditions for Program Counter .................... 95
RESET Conditions for STATUS Register................... 95
Reset
WDT Reset. See Watchdog Timer (WDT)
ReVISION HIiStOIY .....cvviiiieeiciiiee e 159
S
S (START) DIt oo 60
SCI. See USART
SCL ettt e 65
Serial Communication Interface. See USART
SLEEP i 89, 93, 102
SMP DIt . 60
Software Simulator (MPLAB SIM) ......coccviiiveeeiiiiiiiieeeenn 114
Special Features of the CPU ..........cccciiiiiiiiiiiniiie e 89
Special Function Registers...... ... 16, 16-18
Speed, OPErating.........ueuueeeiiiiieieeeeeeeiiiiieeeeeessiieeeeee e s 1
SPIMode......cccevveveins ..59
Associated RegISterS.......ccoveiviiriiiiee e 64
Serial Clock (SCK PIN) ..ccoviiiiiiiiieeeeicieie e 59
Serial Data In (SDI PiN).......cooiiiieriiiieiiee e 59
Serial Data Out (SDO PiN) .....ceveeriieiiiiiieeniieeeiiee e 59
SIaVe SeleCT.. ..o 59
SSP
Overview
RAS/SS/ANA PiNciiiiiieiieciee e 8,10
RC3/SCK/SCL PiN ..ottt 9,11
RCA4/SDI/SDA PiN ..ot 9,11
RC5/SDO PNl 9,11
SSP 12C OPEIAHON........eeeeeeeseeeeeeeeeeeeeeeeeeeeee e 65
SIAVE MOt 65
SSPEN DIt 61
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IRP Bit

PD Bil..ooioiiiiiiiiii e 93

TO Bt 19, 93

Z Bitiiiiieie e 19
Synchronous Serial Port Enable bit (SSPEN).. ....61
Synchronous Serial Port Interrupt bit (SSPIF) .... . 23

Synchronous Serial Port Mode Select bits (SSPM<3:0>)...61
Synchronous Serial Port. See SSP

T

TLCKPSO Dit ..o
T1CKPS1 bit.
T10OSCEN bit
TLSYNC DIt oo
T2CKPSO0 Dit ..o
T2CKPSL Dit .o

Associated REQISIErS .......ccueiiiieiiiiieee e 45
Clock Source Edge Select (TOSE Bit)........cccvvveeeeennnes 20
Clock Source Select (TOCS Bit).....veevveeeveiiieiieeeeennnnns 20
External ClOCK.........ccoioiiiiiiiiiiiee e 44
L1 0=T 4 U] o) S PSRRI 43
Overflow Enable (TMROIE Bit).......cccccveveveriiiiiiieneenns 21
Overflow Flag (TMROIF Bit) ......coooiiiiiiiieniieieeiieeee 100

Overflow INLEIrUPL ...oooev e 100
PresSCaler......c.ocoviiiiiiiiie e 45
RA4/TOCKI Pin, External CIOCK .........ccccccueeiiuieernnns 8, 10
TOCKI ettt 44
TIMEIL oo 47
Associated REQISIEIS ......cceiiiiiiiiiiiieeieee e 50
Asynchronous Counter Mode ..... ....49

Capacitor Selection..

Counter Operation ...... ....48
Operation in Timer MOde ........c.coovviiieiieeeiniiiiieee e 48
OSCIlALON ... 50
PresCaler.......oouiiiiiiiiie e 50
RCO/TLOSO/TLICKI PiN ..o 911
RCL/TLOSH/CCP2 PiN...coeiiiiiiiiieee i 9,11
Resetting of Timerl Registers .......cccoccveeviieeeeiieeenne. 50
Resetting Timerl using a CCP Trigger Output ........... 50
Synchronized Counter Mode ..........ccccceveeviinnnenn. ....48
TMR1H Register .........ccceouee. ....49
TMRILL REQISIEr...cciiiieiiee et 49
THMEI2 e 51
Associated REQISIErS .......coeiiiiiiiiiiiee e 52
OUEPUL e 51
Postscaler . ...51
Prescaler.........cccccc...... ...b1
Prescaler and Postscaler...........ccoceeviieiiieeeeniieee e, 51
Timing Diagrams
A/D CONVEISION .....ctiieiiiiieeiiieesiee e 137
Brown-0ut RESEt ......cooiiiiiiiiieeiiee e 126
Capture/Compare/PWM (CCP1 and CCP2)............. 128
CLKOUT @nd I/O...ccoouiiiiiiiie et 125
External ClOCK.........cccooiiiiiiiiiiie e 124
12C BUS DALA........veoeeeeee oo 133

12C BUS Start/Stop BitS ..........cceveeieeeeeeeeeeerseneeenns 132
12C Reception (7-bit AAAress)........coovvevveeerreereniens 67
12C Transmission (7-bit ADAress) .....cccveeveerviiiieeneennn. 67

Parallel Slave Port

Slow Rise Time (MCLR Tied to VDD

Through RC Network).........cococeiviieiiiiiniiiieee
SPI Master Mode (CKE = 0, SMP = 0)
SPI Master Mode (CKE =1, SMP =1)...
SPI Mode (Master Mode) ...........cc.......
SPI Mode (Slave Mode with CKE = 0)....
SPI Mode (Slave Mode with CKE = 1)
SPI Slave Mode (CKE = 0) ....coceiiiieiniieeeeiieee e
SPI Slave Mode (CKE = 1) ..oveiviiiiiiiieeeeeeiieieee e
Start-up TIMET.....cooiiiiiiiie e
Time-out Sequence on Power-up

(MCLR Not Tied to VDD)

CaSE L. 98

CaASE 2. 98
Time-out Sequence on Power-up

(MCLR Tied to VDD Through RC Network)......... 97
TIMEI0 .o 127
TImMerl .o .. 127
USART Asynchronous Master Transmission ............. 74
USART Asynchronous Master Transmission

(Back to BACK) ....cuvveeiieeeieiiieee e
USART Asynchronous Reception
USART Synchronous Receive (Master/Slave)......... 135
USART Synchronous Reception

(Master Mode, SREN) ......ccoeviiiiiiiiieeiiee e 80
USART Synchronous TransmisSion ...........ccccceeeeueen. 79
USART Synchronous Transmission

(MaSEer/SIave) ........cocceeeiiie e 135
USART Synchronous Transmission

(Through TXEN) ...oviiiiiieeieiiiee e 79
Wake-up from Sleep via Interrupt..........cccoecveeiienenn. 103
Watchdog TImMer ......c.eeiiiiiiiiiie e 126

Timing Parameter Symbology ........cccocevvvveeiieiiiiiiieeeenns 123

Timing Requirements
Capture/Compare/PWM (CCP1 and CCP2).. .. 128

CLKOUT and /O .....evveeeiee e .. 125
EXternal ClOCK .........cooviiiiiieiiicieiee e 124
12C BUS DAA........oeveeeeeeeeeeeeeeseeeeeeee s 134
12C Bus Start/Stop BitS.......cccccveeeveiiiiiiiieee e, 133
Parallel Slave Port..........cooeiiiiiiiiiieeeeecieiee e 129

Reset, Watchdog Timer, Oscillator Start-up
Timer, Power-up Timer and Brown-out Reset. 126

SPIMOE ... e 132
Timer0 and Timerl External Clock ... .. 127
USART Synchronous Receive ............ .. 135
USART Synchronous Transmission..........ccccceeeeeueee 135
TMRILCS Dit ittt a7
TMRION Dt 47
TMR20ON Dt 52

TOUTPS<3:0> bits .
TRISA Register...
TRISB Register... .
TRISC REGISTEI ...ttt 35
TRISD REQISIEN....ciieiiiiiiiiiie et 36
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