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PIC16CR7/X

Pin Diagrams (Continued)

RB3

RB2

RB1
RBO/INT
VDD

Vss
RD7/PSP7
RD6/PSP6
RD5/PSP5
RD4/PSP4
RC7/RX/IDT

-

[TT ] -—»
T J1—
T ] -—
T ] -—
T ] -—
[T ] -
1] <—>
[TT ] -—>
[T ] <—>
[T ] <>

PLCC
[N
w
o
2
MNMANHO
Z2Z2Z22Z2
<< g
MANCSgH N~Nowus
<<<40ommmmo
rrrrs=zoeoeoee z
minininlninininininin
OO ANAT O N-H O
RA4/TOCKI <—» [{ o T Y Y Y Y39
RAS/AN4/SS <« » [Jg 380]
REO/ANS/RD <—» [] g 370
REUVAN6MWR < [ 36
RE2IANT/CS «» 11 PIC16CR77 3500
VoD [ 12 3401
Vss .y 15 PIC16CR74 33H
OSCI/CLKIN __, [ 12 3200
OSC2/CLKOUT « [ 15 310
RCO/T1I0SO/TICKL «—» [ 15 30
= ANNANAN NN NN
??????????u
N JOANMILOXO
oo oooo
oo%wmmm%%%z
ooygaoaa=rmr
aNoO\—!N(")DOB
SR falalalalZp s
Qrmrxxaes™g
O
£ O I
— @
O
@
TQFP N
Q
< g O
X 8MNHOU\)H5
Qo=ZnanaxXog
XOQOnNnnnnood
Fnwwaoooano -
OCNINNAO DO N
000000 A0000
rorrrrrrerx 2
TOANTIODNDOMNOLWS
Cffﬁ'ﬁ'ﬁ' OO MHOMMmM
RC7/RX/DT <+—C1O 1 33
RD4/PSP4 <—=[CIM 2 32
RD5/PSP5 <=1 3 31
RD6/PSP6 >[I0 4 30
RD7/PSP7 <—=CI05 PIC16CR77 29
Vss —=CIe6 28
Voo —d 7 PIC16CR74 57
RBO/INT <—CTIO8 26
RB1 <—=CI09 25
RB2 =<—=[11] 10 24
RB3 <_-:|Illmm<rm®v\oomo\—u\123
e A A A NNN
QOTWL oo o
[ral] zzzu
szmﬁﬁbsssg
EOHNE
<<l
xo cci(
o™
<
©

NC
RCO/T10SO/T1CKI
OSC2/CLKOUT
OSC1/CLKIN
Vss

VDD o
RE2/AN7/CS_
RE1/AN6/WR
REO/AN5/RD
RA5/AN4/SS
RA4/TOCKI

© 2007 Microchip Technology Inc.

DS21993C-page 3
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FIGURE 2-3:

PIC16CR74/73 REGISTER FILE MAP

Note 1:

File
Address

Indirect addr.(*)| 00h
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTDWY | 08h
PORTE®D | 09h
PCLATH 0Ah
INTCON 0Bh
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 0

File
Address
Indirect addr.(*)| 80h
OPTION REG]| 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISDD | ggh
TRISED | gon
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 99%h
9Ah
9Bh
9Ch
9Dh
9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
96 Bytes
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
120h
accesses
20h-7Fh
16Fh
170h
17Fh
Bank 2

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

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
1A0h
accesses
AOh-FFh
1EFh
1FOh
1FFh
Bank 3
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PIC16CR/X

44  PORTD and TRISD Registers FIGURE 4-6: PORTD BLOCK DIAGRAM
(IN 1/0 PORT MODE)

This section is not applicable to the PIC16CR73 or

PIC16CR76. b
ata Bus D Q c? .,_‘E
PORTD is an 8-hit port with Schmitt Trigger input buff-

ers. Each pin is individually configureable as an input or WR Port el /0 pin)
output.

Data Latch

PORTD can be configured as an 8-bit wide micro-
processor port (Parallel Slave Port) by setting control b Q
bit PSPMODE (TRISE<4>). In this mode, the input .

WRTRIS| s Schmitt

buffers are TTL. L Trigger§
TRIS Latch Input 7

Buffer
!
RD TRIS \[\J

/‘ Q D

EN
RD Port >° —‘

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

TABLE 4-7: PORTD FUNCTIONS

Name Bit# Buffer Type Function
RDO/PSPO bit 0 sT/TTLY Input/output port pin or parallel slave port bit 0
RD1/PSP1 bit 1 ST/TTLW Input/output port pin or parallel slave port bit 1
RD2/PSP2 bit 2 sT/TTLY Input/output port pin or parallel slave port bit 2
RD3/PSP3 bit 3 sT/TTLY Input/output port pin or parallel slave port bit 3
RD4/PSP4 bit 4 ST/TTLW Input/output port pin or parallel slave port bit 4
RD5/PSP5 bit 5 sT/TTLY Input/output port pin or parallel slave port bit 5
RD6/PSP6 bit 6 sT/TTLY Input/output port pin or parallel slave port bit 6
RD7/PSP7 bit 7 sST/TTLW Input/output port pin or parallel slave port bit

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1. Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 4-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on Value on
Address Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
08h PORTD RD7 | RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
88h TRISD PORTD Data Direction Register 1111 1111 | 1111 1111
89h TRISE IBF | OBF | IBOV | PSPMODE | = | PORTE Data Direction bits 0000 -111 | 0000 -111
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used by PORTD.

DS21993C-page 36 © 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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FIGURE 9-2: SPI MODE TIMING, MASTER MODE

SCK (CKP = 0, e e e
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SDO
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FIGURE 9-3: SPI MODE TIMING (SLAVE MODE WITH CKE = 0)

sSs (optional)
i —‘ ’_
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SSPIF
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9.3  SSP [2C™ Operation

The SSP module in I2C mode fully implements all slave
functions except general call support, and provides
interrupts on Start and Stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP module implements the standard mode specifica-
tions 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
(I’C™ MODE)
< Internal
Data Bus
Read Write
RCS/SCK/SCI|_ ‘ SSPBUF Reg ‘
|2 Shift Zﬁ JL
Clock
X <]-—{ SSPSR Reg
RC4/ MSb LSh
SDI/ 7
SDA '_l>

‘ Match Detect }—» Addr Match

ih

SSPADDReg |

Start and Set, Reset

Stop bit Detect [= S, P bits
(SSPSTAT Reg)

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

* SSP Control Register (SSPCON)

« 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 12C 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

« I12C Start and Stop bit interrupts enabled to
support Firmware Master mode, Slave is Idle

Selection of any 12C mode with the SSPEN hit 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 12C module.

Additional information on SSP 1%C operation can be
found in the “PIC® Mid-Range MCU Family Reference
Manual” (DS33023).

9.3.1 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
register, 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.

© 2007 Microchip Technology Inc.
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TABLE 10-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

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®M ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00x
1Ah RCREG |USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PsSPIE® | 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 reception.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16CR73/76 devices; always maintain these bits clear.

© 2007 Microchip Technology Inc. DS21993C-page 77
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12.3 Reset

The PIC16CR7X differentiates between various kinds
of Reset:

e Power-on Reset (POR)

« MCLR Reset during normal operation

« MCLR Reset during Sleep

* WDT Reset (during normal operation)

« WDT Wake-up (during Sleep)

« Brown-out Reset (BOR)

Some registers are not affected in any Reset condition.
Their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR Reset during Sleep, and Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared differ-
ently in different Reset situations, as indicated in
Table 12-4. These bits are used in software to
determine the nature of the Reset. See Table 12-6 for
a full description of Reset states of all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 12-4.

FIGURE 12-4: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
7
MCLR
Sleep
WDT WDT
Module [ Time-out
Reset
o VDD Rise
Detect
VbD Power-on Reset
Brown-out
Reset S
BODEN
OST/PWRT
OST
— Chip_Reset
10-bit Ripple Counter }@ R 0
OSC1
@ pwrT
On-chi
RC OSI% —‘> 10-bit Ripple Counter }—
Enable PWRT
Enable OST

Note 1: Thisis a separate oscillator from the RC oscillator of the CLKIN pin.

© 2007 Microchip Technology Inc.
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TABLE 12-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
Register Devices Power-on Reset, MCLR Reset, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
PIE1 73 74 76 77 r000 0000 r000 0000 ruuu uuuu
73 74 76 77 0000 0000 0000 0000 uuuu uuuu
PIE2 73 | 74 | 76 | 77 | @ ---- --- [ I [ I u
PCON 73 | 74 | 76 | 77 | @ ---- -- g | @ ---- -- awu | ---- - uu
PR2 73 74 76 77 1111 1111 1111 1111 1111 1111
SSPSTAT 73 74 76 77 --00 0000 --00 0000 --uu uuuu
SSPADD 73 74 | 76 77 0000 0000 0000 0000 uuuu uuuu
TXSTA 73 74 | 76 77 0000 -010 0000 -010 uuuu -uuu
SPBRG 73 74 | 76 77 0000 0000 0000 0000 uuuu uuuu
ADCON1 73 | 74 | 76 | 77 ---- -000 ---- -000 ---- -uuu
PMDATA 73 | 74 | 76 | 77 0--- 0000 0--- 0000 u--- uuuu
PMADR 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PMDATH 73 | 74 | 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PMADRH 73 | 74 | 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PMCON1 73 | 74 | 76 | 77 1--- --- 0 1--- --- 0 1--- --- u
Legend: wu =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition,

r = reserved, maintain clear

Note 1:

One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).

2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

3: See Table 12-5 for Reset value for specific condition.

FIGURE 12-6:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb THROUGH

RC NETWORK)

VbD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT

© 2007 Microchip Technology Inc.
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12.11.1 INT INTERRUPT

External interrupt on the RBO/INT pin is edge triggered,
either rising, if bit INTEDG (OPTION_REG<6>) is set,
or falling, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from Sleep, if bit INTE
was set prior to going into Sleep. The status of global
interrupt enable bit GIE decides whether or not the
processor branches to the interrupt vector following
wake-up. See Section 12.14 “Power-down Mode
(Sleep)” for details on Sleep mode.

12.11.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TMROIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TMROIE
(INTCON<5>). (Section 5.0 “Timer0 Module”)

12.11.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<3>), see
Section 4.2 “PORTB and the TRISB Register”.

12.12 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers during an interrupt (i.e., W, PCLATH and
STATUS registers). This will have to be implemented in
software, as shown in Example 12-1.

For the PIC16CR73/74 devices, the register W_TEMP
must be defined in both banks 0 and 1 and must be
defined at the same offset from the bank base address
(i.e., If W_TEMP is defined at 20h in bank 0, it must
also be defined at AOh in bank 1.). The registers,
PCLATH_TEMP and STATUS_TEMP, are only defined
in bank 0.

Since the upper 16 bytes of each bank are common in
the PIC16CR76/77 devices, temporary holding regis-
ters W_TEMP, STATUS_TEMP and PCLATH_TEMP
should be placed in here. These 16 locations don't
require banking and, therefore, make it easier for
context save and restore. The same code shown in
Example 12-1 can be used.

EXAMPLE 12-1:  SAVING STATUS, W AND PCLATH REGISTERS IN RAM

MOVWF W_TEMP

MOVF PCLATH_TEMP, W
MOVWF PCLATH
SWAPF STATUS_TEMP,W

MOVWF STATUS
SWAPF W_TEMP, F
SWAPF W_TEMP, W

;Swap W_TEMP

;Copy W to TEMP register

SWAPF STATUS, W ;Swap status to be saved into W

CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWF STATUS_TEMP ;Save status to bank zero STATUS TEMP register

MOVF PCLATH, W ;O0nly required if using pages 1, 2 and/or 3

MOVWF PCLATH_TEMP ;Save PCLATH into W

CLRF PCLATH ;Page zero, regardless of current page

: (ISR) ;Insert user code here

;Restore PCLATH

;Move W into PCLATH

;Swap STATUS_TEMP register into W
; (sets bank to original state)
;Move W into STATUS register

;Swap W_TEMP into W

DS21993C-page 100
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RLF Rotate Left f through Carry SLEEP
Syntax: [label] RLF f,d Syntax: [label ] SLEEP
Operands: 0<f<127 Operands: None
de[0.1] Operation: 00h — WDT,
Operation: See description below 0 — WDT prescaler,
Status Affected: C 1-T0,
o ) 0—>PD
Description: The contents of register ‘f’ are rotated == ==
one bit to the left through the Carry Status Affected: TO, PD .
Flag. If ‘d’ is ‘0, the result is placed in Description: The power-down Status bit PD is
the W register. If ‘d’ is ‘1’, the result is cleared. Time-out Status bit TO is
stored back in register f'. set. Watchdog Timer and its
prescaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
RETURN Return from Subroutine SUBLW Subtract W from Literal
Syntax: [label] RETURN Syntax: [label] SUBLW k
Operands: None Operands: 0<k<255
Operation: TOS —» PC Operation: k- (W) — (W)
Status Affected: None Status Affected: C, DC, Z
Description: Return from subroutine. The stack Description: The W register is subtracted (2's
is POPed and the top of the stack complement method) from the
(TOS) is loaded into the program eight-bit literal ‘k’. The result is
counter. This is a two-cycle placed in the W register.
instruction.
RRF Rotate Right f through Carry SUBWF Subtract W from f
Syntax: [label] RRF fd Syntax: [label] SUBWF f,d
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: See description below Operation: (f) - (W) — (destination)
Status Affected: C Status Affected: C, DC, Z
Description: The contents of register ‘" are Description: Subtract (2's complement method)

rotated one bit to the right through
the Carry Flag. If 'd’ is ‘0, the
result is placed in the W register.
If ‘d" is ‘1’, the result is placed
back in register ‘f'.

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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FIGURE 15-1: PIC16CR7X VOLTAGE-FREQUENCY GRAPH
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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 15-12: SPI SLAVE MODE TIMING (CKE = 0)
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Note: Refer to Figure 15-2 for load conditions.

FIGURE 15-13: SPI SLAVE MODE TIMING (CKE = 1)

Note: Refer to Figure 15-2 for load conditions.
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FIGURE 16-5: TYPICAL Ipp VS. Fosc OVER Vbb (LP MODE)
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FIGURE 16-7: AVERAGE Fosc vs. VbD FOR VARIOUS VALUES OF R
(RC MODE, C = 20 pF, 25°C)
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FIGURE 16-8: AVERAGE Fosc vs. Vbb FOR VARIOUS VALUES OF R
(RC MODE, C = 100 pF, 25°C)
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FIGURE 16-9:

AVERAGE Fosc vs. VDD FOR VARIOUS VALUES OF R

(RC MODE, C = 300 pF, 25°C)
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FIGURE 16-10: IPD vs. VDD (SLEEP MODE, ALL PERIPHERALS DISABLED)
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FIGURE 16-15:

TYPICAL, MINIMUM AND MAXIMUM VOH vs. loH (VDD = 5V, -40°C TO 125°C)
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