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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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PIC16CR7/X

3.0 READING PROGRAM MEMORY

The ROM Program Memory is readable during normal
operation over the entire VDD range. It is indirectly
addressed through Special Function Registers (SFR).
Up to 14-bit numbers can be stored in memory for use
as calibration parameters, serial numbers, packed 7-bit
ASCII, etc. Executing a program memory location
containing data that forms an invalid instruction results
in a NOP.

There are five SFRs used to read the program and
memory. These registers are:

« PMCON1

« PMDATA

 PMDATH

« PMADR

« PMADRH

The program memory allows word reads. Program

memory access allows for checksum calculation and
reading calibration tables.

When interfacing to the program memory block, the
PMDATH:PMDATA registers form a two-byte word,
which holds the 14-bit data for reads. The
PMADRH:PMADR registers form a two-byte word,
which holds the 13-bit address of the ROM location
being accessed. These devices can have up to 8K
words of program ROM, with an address range from Oh
to 3FFFh. The unused upper bits in both the PMDATH
and PMADRH registers are not implemented and read
as‘o’s.

3.1 PMADR

The address registers can address up to a maximum of
8K words of program ROM.

When selecting a program address value, the MSB of
the address is written to the PMADRH register and the
LSB is written to the PMADR register. The upper MSb’s
of PMADRH must always be clear.

3.2 PMCONL1 Register

PMCONL1 is the control register for memory accesses.

The control bit RD initiates read operations. This bit
cannot be cleared, only set, in software. It is cleared in
hardware at the completion of the read operation.

REGISTER 3-1: PMCONZ1: (ADDRESS 18Ch)
R-1 uU-0 U-0 u-0 U-x U-0 u-0 R/S-0
reserved — ‘ — ‘ — — — — RD
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 Reserved: Read as ‘1’

bit 6-1 Unimplemented: Read as ‘0’

bit 0 RD: Read Control bit

1 = Initiates a ROM read, RD is cleared in hardware. The RD bit can only be set (not cleared) in

software.
0 = ROM read completed

© 2007 Microchip Technology Inc.
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REGISTER 8-1: CCP1CON/CCP2CON: (ADDRESS 17h/1Dh)

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — ccpxx | ccPxy | ccpxm3 | ccpxm2 CCPxM1 CCPXMO
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 7-6 Unimplemented: Read as ‘0’
bit 5-4 CCPxX:CCPxY: PWM Least Significant bits
Capture mode:
Unused
Compare mode:
Unused
PWM mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRXL.
bit 3-0 CCPxM3:CCPxMO0: CCPx Mode Select bits

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

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

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

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

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
CCP1 clears Timerl; CCP2 clears Timerl and starts an A/D conversion (if A/D module
is enabled)

1lxx = PWM mode

DS21993C-page 54 © 2007 Microchip Technology Inc.
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8.3 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as one of the
following and is configured by CCPxCON<3:0>:

« Every falling edge

e Every rising edge

e Every 4th rising edge

e Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. The
interrupt flag must be cleared in software. If another
capture occurs before the value in register CCPR1 is

read, the old captured value is overwritten by the new
captured value.

8.3.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be
configured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a
capture condition.

FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK

DIAGRAM

Set Flag bit CCP1IF

Prescaler (PIR1<2>)
K’— +1,4,16
;ﬁmcpl [ ccprin [ cepriL |
and | Capture
Edge Detect Enable
f ,T/ | TMRIH | T™MRIL |
CCP1CON<3:0>

Q's

8.3.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

8.3.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in operating mode.

8.3.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. Any Reset will clear
the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.
EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS
CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT PS;Load the W reg with
;the new prescaler

;move value and CCP ON
;Load CCP1CON with this
;value

MOVWF CCP1CON

8.4 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCPL1 pin is:

« Driven high

* Driven low

« Remains unchanged

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

bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCP1CON<3:0>
Mode Select

Set Flag bit CCP1IF
(PIR1<2>)

CCPR1H| CCPRIL

Q S Output

RC2/CCP1 rLL Logic [ Match
Pin *
TMR1H | TMR1L

TRISC<2>
Output Enable

Special Event Trigger

Special Event Trigger will:

» clear TMR1H and TMR1L registers

* NOT set interrupt flag bit TMR1F (PIR1<0>)

» (for CCP2 only) set the GO/DONE bit (ADCONO0<2>)

© 2007 Microchip Technology Inc.
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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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9.0 SYNCHRONOUS SERIAL PORT
(SSP) MODULE

9.1 SSP Module Overview

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be Serial EEPROMSs, shift registers,
display drivers, A/D converters, etc. The SSP module
can operate in one of two modes:

« Serial Peripheral Interface (SPI)

« Inter-Integrated Circuit (12C)

An overview of 1°C operations and additional informa-
tion on the SSP module can be found in the “PIC®
Mid-Range MCU Family Reference Manual”
(DS33023).

Refer to Application Note AN578, “Use of the SSP

Module in the 12C™ Multi-Master Environment”
(DS00578).

9.2 SPI Mode

This section contains register definitions and opera-
tional characteristics of the SPI module. Additional
information on the SPI module can be found in the
“PIC® Mid-Range MCU Family Reference Manual’
(DS33023).

SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. To
accomplish communication, typically three pins are
used:

e Serial Data Out (SDO) RC5/SDO

« Serial Data In (SDI) RC4/SDI/SDA

« Serial Clock (SCK) RC3/SCK/SCL

Additionally, a fourth pin may be used when in a Slave
mode of operation:

« Slave Select (SS) RA5/SS/AN4

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON register (SSPCON<5:0>)
and SSPSTAT<7:6>. These control bits allow the
following to be specified:

« Master mode (SCK is the clock output)

< Slave mode (SCK is the clock input)

e Clock Polarity (Idle state of SCK)

« Clock edge (output data on rising/falling edge of
SCK)

¢ Clock Rate (Master mode only)
« Slave Select mode (Slave mode only)

© 2007 Microchip Technology Inc.
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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.

DS21993C-page 90
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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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12.14 Power-down Mode (Sleep)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low, or high-impendance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the 1/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are high-impendance inputs, high or low externally,
to avoid switching currents caused by floating inputs.
The TOCKI input should also be at VbD or Vss for low-
est current consumption. The contribution from on-chip
pull-ups on PORTB should also be considered.

The MCLR pin must be at a logic high level (VIHMC).

12.14.1 WAKE-UP FROM SLEEP

The device can wake-up from Sleep through one of the
following events:

1. External Reset input on MCLR pin.

2. Watchdog Timer wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change or a
Peripheral Interrupt.

External MCLR Reset will cause a device Reset. All
other events are considered a continuation of program
execution and cause a “wake-up”. The TO and PD bits
in the STATUS register can be used to determine the
cause of device Reset. The PD bit, which is set on
power-up, is cleared when Sleep is invoked. The TO bit
is cleared if a WDT time-out occurred and caused
wake-up.

The following peripheral interrupts can wake the device
from Sleep:

1. PSP read or write (PIC16CR74/77 only).

2. TMR1linterrupt. Timerl mustbe operating as an
asynchronous counter.

3. CCP Capture mode interrupt.

4. Special event trigger (Timerl in Asynchronous
mode, using an external clock).

5. SSP (Start/Stop) bit detect interrupt.

6. SSP transmit or receive in Slave mode
(SPI/I%C).

7. USART RX or TX (Synchronous Slave mode).

8. A/D conversion (when A/D clock source is RC).

Other peripherals cannot generate interrupts, since
during Sleep, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up
occurs, regardless of the state of the GIE bit. If the GIE
bit is clear (disabled), the device continues execution at
the instruction after the SLEEP instruction. If the GIE bit
is set (enabled), the device executes the instruction
after the SLEEP instruction and then branches to the
interrupt address (0004h). In cases where the execu-
tion of the instruction following SLEEP is not desirable,
the user should have a NOP after the SLEEP instruction.

12.14.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will
complete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from Sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruction
should be executed before a SLEEP instruction.

DS21993C-page 102
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CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0< k<2047

Operation: (PC)+ 1— TOS,
k — PC<10:0>,
(PCLATH<4:3>) —» PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return
address (PC + 1) is pushed onto
the stack. The eleven-bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. CALL is
a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
1-Z

Status Affected: Z

Description: The contents of register ‘f’ are
cleared and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h — (W)
1-Z7

Status Affected: Z

Description: W register is cleared. Zero hit (2)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h —» WDT
0 — WDT prescaler,
1-T0
1—-PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets the
prescaler of the WDT. Status bits
TO and PD are set.

COMF Complement f

Syntax: [label] COMF f,d

Operands: 0<f<127
de [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the
result is stored in W. If ‘d’ is ‘1’,
the result is stored back in
register ‘f.

DECF Decrement f

Syntax: [label] DECF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 — (destination)

Status Affected: Z

Description: Decrement 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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MOVF Move f

Syntax: [label] MOVF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
moved to a destination dependant
upon the status of ‘d’. If ‘'d' = o,
destination is W register. If ‘'d’ = 1,
the destination is file register ‘f’
itself. ‘d’ = 1 is useful to test a file
register, since status flag Z is
affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected: None

Description: The eight-bit literal ‘k’ is loaded
into W register. The “don’t cares”
will assemble as ‘0’s.

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: (W) — ()

Status Affected: None

Description: Move data from W register to

register ‘f.

NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected: None
Description: No operation.
RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,
1->GIE
Status Affected: None
RETLW Return with Literal in W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k = (W);
TOS —» PC
Status Affected: None
Description: Subtract (2's complement method)

W register from 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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15.1 DC Characteristics: PIC16CR73/74/76/77 (Industrial, Extended) (Continued)

PIC16CR73/74/76/77 Standa}rd Operating Condlotlons (unlessoother\{wse st.ated)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA £ +125°C for extended
Paerm Sym Characteristic Min | Typt | Max | Units Conditions
IDD Supply Current (Notes 2, 5)
D010 PIC16CR7X| — 0.5 2 mA | XT, RC osc configuration
Fosc =4 MHz, Vbp = 3.0V (Note 4)
DO10A — 20 | 48 | pA |LP osc configuration
Fosc = 32 kHz, VbD = 3.0V, WDT disabled
D010 PIC16CR7X| — 1.1 4 mA | XT, RC osc configuration
Fosc =4 MHz, VbD = 5.5V (Note 4)
D013 — 6.3 | 15 | mA [HS osc configuration
Fosc = 20 MHz, VbD = 5.5V
D015* |AlIBOR |Brown-out — 30 | 200 | pA |BOR enabled, VbD = 5.0V
Reset Current (Note 6)
D020 |IPD Power-down Current (Notes 3, 5)
PIC16CR7X| — 2.0 | 30 | puA |VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 — 01| 5 UA |VDD = 3.0V, WDT disabled, -40°C to +85°C
D020 PIC16CR7X| — 5 42 | pA |VDD = 4.0V, WDT enabled, -40°C to +85°C
D021 — 0.1 | 19 | uA |VDD = 4.0V, WDT disabled, -40°C to +85°C
D021A — | 105 | 57 | puA |VDD =4.0V, WDT enabled, -40°C to
— 15 | 42 | pA |[+125°C
VDD = 4.0V, WDT disabled, -40°C to
+125°C
D023* |AlIBOR |Brown-out — 30 | 200 | pA |BOR enabled, VDD = 5.0V
Reset Current (Note 6)

Legend: Shading of rows is to assist in readability of of the table.
* 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 This is the limit to which VDD can be lowered without losing RAM data.

2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/10
pin loading and switching rate, oscillator type, internal code execution pattern and temperature also have
an impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is
measured with the part in Sleep mode, with all I/O pins in high-impendance state and tied to VDD and Vss.

4: For RC osc configuration, current through ReXT is not included. The current through the resistor can be
estimated by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.

5. Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from
characterization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.

7: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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FIGURE 15-3: EXTERNAL CLOCK TIMING

Q4 Q1

CLKOUT
TABLE 15-1: EXTERNAL CLOCK TIMING REQUIREMENTS
Parilrgeter Symbol Characteristic Min | Typt Max | Units Conditions
Fosc External CLKIN Frequency DC — 1 MHz |XT osc mode
(Note 1) DC | — 20 | MHz |HS osc mode
DC — 32 kHz [LP osc mode
Oscillator Frequency DC — 4 MHz |RC osc mode
(Note 1) 0.1 — 4 MHz |XT osc mode
4 — 20 MHz |HS osc mode
5 — 200 kHz [LP osc mode
1 Tosc External CLKIN Period 1000 — — ns |[XT osc mode
(Note 1) 50 — — ns |HS osc mode
5 — — ms |LP osc mode
Oscillator Period 250 — — ns |RC osc mode
(Note 1) 250 | — | 10,000 | ns |XT osc mode
50 — 250 ns |HS osc mode
5 — — ms |LP osc mode
2 Tey Instruction Cycle Time 200 | Tcy DC ns |Tcy = 4/Fosc
(Note 1)
3 TosL, External Clock in (OSC1) 500 — — ns |XT oscillator
TosH High or Low Time 25 — — ms |LP oscillator
15 — — ns |HS oscillator
4 TosR, External Clock in (OSC1) — — 25 ns |XT oscillator
TosF Rise or Fall Time — — 50 ns |LP oscillator
— — 15 ns |HS oscillator

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: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions,
with the device executing code. Exceeding these specified limits may result in an unstable oscillator oper-
ation and/or higher than expected current consumption. All devices are tested to operate at “min.” values
with an external clock applied to the OSC1/CLKIN pin. When an external clock input is used, the “max.”

cycle time limit is “DC” (no clock) for all devices.
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FIGURE 15-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND
POWER-UP TIMER TIMING
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Note: Refer to Figure 15-2 for load conditions.

FIGURE 15-6: BROWN-OUT RESET TIMING

VDD VBOR - - - - - ‘—]

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

Parzr(r)leter Sym Characteristic Min Typt Max | Units Conditions

30 TmcL  |MCLR Pulse Width (low) 2 — — ps 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 High-impendance from MCLR — — 2.1 us
Low or Watchdog Timer Reset

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

*  These parameters are characterized but not tested.
T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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TABLE 15-8: 1°C™ BUS START/STOP BITS REQUIREMENTS
Pilr:m Symbol Characteristic Min | Typ | Max |Units Conditions
90* |Tsu:sSTA |[Start condition 100 kHz mode 4700 | — — ns |Only relevant for Repeated
Setup time 400 kHz mode | 600 | — | — Start condition
91* THD:STA |Start condition 100 kHz mode 4000 | — — ns |After this period, the first
Hold time 400 kHz mode | 600 | — | — clock pulse is generated
92* |Tsu:sTO |Stop condition 100 kHz mode 4700 | — — ns
Setup time 400 kHz mode 600 | — —
93 THD:STO |Stop condition 100 kHz mode 4000 | — — ns
Hold time 400 kHz mode 600 | — —
* These parameters are characterized but not tested.
FIGURE 15-15: I2°C™ BUS DATA TIMING
— =— 102

SCL

SDA
Out

Note: Refer to Figure 15-2 for load conditions.
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FIGURE 16-3: TYPICAL Ipp vs. Fosc OVER VDD (XT MODE)
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Typical: statistical mean @ 25°C
Maximum: mean + 3¢ (-40°C to 125°C)
Minimum: mean — 36 (-40°C to 125°C) 5.5V
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FIGURE 16-4: MAXIMUM IpD vs. Fosc OVER VDD (XT MODE)
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Typical: statistical mean @ 25°C
Maximum: mean + 3¢ (-40°C to 125°C) 5.5V
12 Minimum: mean — 30 (-40°C to 125°C)
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FIGURE 16-13: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40°C TO 125°C)
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FIGURE 16-14: AVERAGE WDT F%TQ\D/@ VDD OVER TEMPERATURE (-40°C TO 125°C)
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FIGURE 16-19:

MINIMUM AND MAXIMUM VIN vs. VDD, (TTL INPUT, -40°C TO 125°C)
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28-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N
A0a0nnaAnnaang
)
4,/}4/?7/? ,,,,,,,,
7
NOTE 1— 1242024 ;
IR
123
e
b
h
o A
# % P
N e i i B O B Lt
Fo N
A1— L1 |— S pl="
Units MILLMETERS
Dimension Limits MIN | NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § Al 0.10 — 0.30
Overall Width E 10.30 BSC
Molded Package Width El 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle Top [0} 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° — 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

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

REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-052B
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TRISE REGISIEN ..ottt 37
IBF Bl vt 38
IBOV Bit .o s 38
PSPMODE Bit.....cooviiiiiiieiiiesiesieeieseee s 36, 37

TXSTA Register
SYNC Bl 69
TRMT Bieoeiiiciieieieeci e 69
TXO Bl ittt 69
TXOD Bl e 69
TXEN Bil .o 69

U

UA e 60

Universal Synchronous Asynchronous Receiver
Transmitter. See USART

Asynchronous Mode ........
Asynchronous Receiver ...
Asynchronous Reception.

Associated RegiSters ........cccvvvveeeviiiiiieeees e 77
Asynchronous Transmission

Associated RegiSters ........cccvvvveeeviiiiiieee e 75
Asynchronous TransSmitter ..........cccceeevevviieeeeeessiiiinns 73
Baud Rate Generator (BRG).........cccoevvieeiiiiiniiieeenes 71

Baud Rate Formula..........cccccoviiiinniieeniiee e, 71
Baud Rates, Asynchronous Mode (BRGH =0) ..72
Baud Rates, Asynchronous Mode (BRGH =1) ..72

SAMPING ceeviieieii e
Mode Select (SYNC Bit) ..vuevveeeriiiiiiieiiee e
Overrun Error (OERR Bit) .....ccvveiiiiiiiiiiiiiiiieeiie e
RCB/TX/CK PiN .t
RC7/IRXIDT PiN.eeiiiiiiiiiecieeeeee e
Serial Port Enable (SPEN Bit).............

Single Receive Enable (SREN Bit)
Synchronous Master Mode..................
Synchronous Master Reception...........ccccoveeeriiieeennnnes

Associated RegiSters ........ccovvvveeeviiniiieee e
Synchronous Master Transmission........cccceevvveeeennn. 78

Associated REgISIErS ........ccoovveeiiiiierieie e 79
Synchronous Slave Mode .........ccccoooviiiiiiee i, 81
Synchronous Slave Reception..........ccccccvevevvciveenennnn. 82

Associated REgISIErS ........ccooivieiiiiierieie e 82
Synchronous Slave Transmission..........cccccevvcvveeeeennn. 81

Associated RegiSters ........cccvvvveeeviiiiiiiee e 82
Transmit Data, 9th Bit (TX9D)........cccceviniierniiieiieeene 69
Transmit Enable (TXEN Bit)........ccccceeeviviiiieiree e 69
Transmit Enable, Nine-bit (TX9 Bit) .......ccccvveveeeriinnns 69
Transmit Shift Register Status (TRMT Bit).................. 69

USEI COUE ...ttt e 103

w
Wake-up from SLEEP........ccccoooiiiee e 89
INEEITUPLS .o 95, 96
MCLR RESEL ...ttt 96
WDT Reset...... .. 96
Wake-up from Sleep....... 102
Wake-up Using Interrupts .. ... 102
Watchdog Timer (WDT) . ..cuveeeriiiiiiieieeeeeriieeeee e 89, 101
Associated REQISIErS .......cccoeeiiiieiiiieeeee e 101
Enable (WDTE Bit) ...cccooiviiiiiiiciiiieece e 101
Postscaler. See Postscaler, WDT
Programming Considerations ............cccoeevveeeriieeens 101
RC OSCIllatOr......ceeeeeieeeiie ettt 101
Time-out Period ..........coceeviieiiiie e 101
WDT Reset, Normal Operation. ... 93, 95, 96
WDT Reset, SLEEP.................. ... 93, 95, 96
WECOL DIt oo 61
Write Collision Detect bit (WCOL) .....ccveeeivieiiiiieeiieee e, 61
WWW AAIESS ..coviiiieiieie ettt 167
WWW, ON-LiNe SUPPOIT .....eeveeeiiiiiiiieeeeiiiieee e e eseeieee e e 4
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