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PIC16C717/770/771

2.2.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and Peripheral Modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is
given in Table 2-1.

The special function registers can be classified into two
sets; core (CPU) and peripheral. Those registers asso-
ciated with the core functions are described in detail in
this section. Those related to the operation of the
peripheral features are described in detail in that
peripheral feature section.

TABLE 2-1: PIC16C717/770/771 SPECIAL FUNCTION REGISTER SUMMARY

Value on: |Details
Address [Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, on
BOR Page:
Bank 0
00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 23
01lh TMRO TimerO module’s register XXXK KKKX 45
02h® PCL Program Counter's (PC) Least Significant Byte 0000 0000 22
03h® | STATUS IRP ‘ RP1 ‘ RPO ‘ TO ‘ PD ‘ z | DC | c 0001 1xxx| 14
04h® FSR Indirect data memory address pointer XXXK KKKX 23
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RAL RAO xxxx 0000 25
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO Xxxx xx11 33
07h — Unimplemented — —
08h — Unimplemented — —
09h — Unimplemented — —
0Ah%3) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 22
0Bh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 16
0Ch PIR1 — ADIF — — SSPIF CCP1IF TMR2IF TMRILIF | -0---0000 18
0Dh PIR2 LVDIF — — — BCLIF = = = 0--- 0--- 20
OEh TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXK KKKX a7
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX 47
10h T1CON — ‘ — ‘ T1CKPS1 ‘ T1CKPSO ‘ T1O0SCEN ‘ T1SYNC | TMR1CS | TMR1ON | --00 0000 a7
11h TMR2 Timer2 module’s register 0000 0000 51
12h T2CON — ‘ TOUTPS3 ‘ TOUTPS2 ‘ TOUTPS1 ‘ TOUTPSO ‘ TMR20ON | T2CKPS1 | T2CKPSO | -000 0000 51
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX 70
14h SSPCON WCOL ‘ SSPOV ‘ SSPEN ‘ CKP ‘ SSPM3 ‘ SSPM2 | SSPM1 | SSPMO | 0000 0000 67
15h CCPR1L Capture/Compare/PWM Registerl (LSB) XXXX XXXX 54
16h CCPR1H Capture/Compare/PWM Registerl (MSB) XXXX XXXX 54
17h CCP1CON PWM1M1 ‘ PWM1MO ‘ DC1B1 ‘ DC1BO ‘ CCP1M3 ‘ CCP1M2 | CCP1M1 | CCP1MO | 0000 0000 53
18h — Unimplemented — —
19h — Unimplemented = —
1Ah — Unimplemented = =
1Bh — Unimplemented — —
1Ch — Unimplemented = —
1Dh — Unimplemented = =
1Eh ADRESH A/D High Byte Result Register xxxx xxxx | 107
1Fh ADCONO ADCS1 ‘ ADCSO0 ‘ CHS2 CHS1 ‘ CHSO ‘ Golm| CHS3 | ADON 0000 0000 | 107

Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0".

Shaded locations are unimplemented, read as ‘0.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.
2: Other (non Power-up) Resets include external RESET through MCLR and Watchdog Timer Reset.

3: These registers can be addressed from any bank.

© 1999-2013 Microchip Technology Inc.
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2221 STATUS REGISTER

The STATUS register, shown in Register 2-1, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
"Instruction Set Summary."

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF
instructions for examples.

REGISTER 2-1: STATUS REGISTER (STATUS: 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 | RPO TO P | z DC C
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 = Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1 (00h - FFh)
bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow the polarity

is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the two'’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown

DS41120C-page 14
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TABLE 3-1: PORTA FUNCTIONS

Name Function Input Output Description
Type Type
RAO ST CMOS | Bi-directional I/O
RAO/ANO
ANO AN A/D input
RA1 ST CMOS | Bi-directional I/O
RA1/AN1/LVDIN AN1 AN A/D input
LVDIN AN LVD input reference
RA2 ST CMOS | Bi-directional I/O
AN2 AN A/D input
RA2/AN2/VREF-/VRL ) -
VREF- AN Negative analog reference input
VRL AN Internal voltage reference low output
RA3 ST CMOS | Bi-directional I/O
AN3 AN A/D input
RA3/AN3/VREF+/VRH — -
VREF+ AN Positive analog reference input
VRH AN Internal voltage reference high output
RA4 ST oD Bi-directional 1/0
RA4/TOCKI -
TOCKI ST TMRO clock input
RA5 ST Input port
RA5/MCLR/VpPP MCLR ST Master clear
Vpp Power Programming voltage
RA6 ST CMOS | Bi-directional I/O
RA6/0SC2/CLKOUT 0SC2 XTAL Crystal/resonator
CLKOUT CMOS | Fosc/4 output
RA7 ST CMOS | Bi-directional I/O
RA7/0OSC1/CLKIN OSC1 XTAL Crystal/resonator
CLKIN ST/AN External clock input/ER resistor connection

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: Value on all

Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO xxxx 0000 | uuuu 0000
85h TRISA PORTA Data Direction Register 1111 1111 1111 1111
9Dh ANSEL — ‘ — | ANS5 ‘ ANS4 | ANS3 | ANS2 ‘ ANS1 | ANSO | --11 1111 | --11 1111

Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0". Shaded cells are not used by PORTA.
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FIGURE 3-10: BLOCK DIAGRAM OF THE RB7/T10SI/P1D
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Note: The TMR1 oscillator enable (TLOSCEN = 1) overrides the RB7 I/O port and P1D functions.
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8.2.3 SOFTWARE INTERRUPT MODE FIGURE 8-2: COMPARE MODE
OPERATION BLOCK

Wh te software int tis ch th P1
en generate software interrupt is chosen, the CC DIAGRAM

pin is not affected. Only an ECCP interrupt is generated
(if enabled).

Special event trigger will:
8.2.4 SPECIAL EVENT TRIGGER RESET Timerl, but not set interrupt flag bit

In this mode, an internal hardware trigger is generated, TMRIIF (PIR1<0>).

which may be used to initiate an action. _ )
Special Event Trigger

The special event trigger output of ECCP resets the

TMR1 register pair. This allows the CCPR1 register to Set flag bit CCP1IF

effectively be a 16-bit programmable period register for (PIR1<2>)

Timert
' ¥

The special event trigger output of ECCP module will Q SH OLutput

also start an A/D conversion if the A/D module is RB3/CCP1/ R =09 | match A

enabled. Uipit Ena

- - - Output Enable  ccp1CON<3:0>
Note:  The special event trigger will not set the Mode Select

interrupt flag bit TMR1IF (PIR1<0>).

TABLE 8-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, all other

BOR RESETS
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000u
PIR1 pPSPIF® ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000
PIE1 pspPIE® ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE 0000 0000 0000 0000
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1register XXXX XXXX | uuuu uuuu
T1CON — — TICKPS | T1CKP | TIOSCEN | TISYNC | TMRICS | TMR1O | --00 0000 | --uu uuuu

1 SO N

CCPR1L Capture/Compare/PWM registerl (LSB) XXXX XXXX | uuuu uuuu
CCPR1H Capture/Compare/PWM registerl (MSB) XXXX XXXX | uuuu uuuu
CCP1CON PWM1M1 PWM1MO DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO | 0000 0000 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by Capture and Timer1.
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FIGURE 8-9: EXAMPLE OF FULL-BRIDGE APPLICATION
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9.1 SPI Mode

The SPI mode allows eight bits of data to be synchro-
nously transmitted and received simultaneously. All
four modes of SPI are supported. To accomplish com-
munication, typically three pins are used:

 Serial Data Out (SDO)

« Serial Data In (SDI)

 Serial Clock (SCK)

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

- Slave Select (SS)

9.1.1 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (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)

« Data input sample phase
(middle or end of data output time)

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

» Clock Rate (Master mode only)
» Slave Select Mode (Slave mode only)

Figure 9-1 shows the block diagram of the MSSP mod-
ule when in SPI mode.

FIGURE 9-1: MSSP BLOCK DIAGRAM
(SPI MODE)
< Internal
Data Bus
Read Write
SSPBUF reg

X b | ssPskreg  |—

SDI bit0 Shift

A Clock
Ca

SS Control
Enable

SS Edge
Select

2
Clock Select
SSPM<3:0>

SMP:CKE 4 TMR2 Output

12 2

% | Edge

Select Prescaler | Tosc

SCK 4,16, 64

— Data to TX/RX in SSPSR
— Data direction bit

The MSSP consists of a transmit/receive Shift Register
(SSPSR) and a Buffer Register (SSPBUF). The
SSPSR shifts the data in and out of the device, MSb
first. The SSPBUF holds the data that was written to the
SSPSR, until the received data is ready. Once the eight
bits of data have been received, that byte is moved to
the SSPBUF register. Then the buffer full detect bit, BF
(SSPSTAT<0>), and the interrupt flag bit, SSPIF
(PIR1<3>), are set. This double buffering of the
received data (SSPBUF) allows the next byte to start
reception before reading the data that was just
received. Any write to the SSPBUF register during
transmission/reception of data will be ignored, and the
write collision detect bit WCOL (SSPCON<7>) will be
set. User software must clear the WCOL bit so that it
can be determined if the following write(s) to the SSP-
BUF register completed successfully.

DS41120C-page 70

Advancelnformation

© 1999-2013 Microchip Technology Inc.



PIC16C717/770/771

FIGURE 9-15:

BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION
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BRG l
reload

I°C MASTER MODE START
CONDITION TIMING

To initiate a START condition, the user sets the START
condition enable bit, SEN (SSPCON2<0>). If the SDA
and SCL pins are sampled high, indicating that the bus
is available, the baud rate generator is loaded with the
contents of SSPADD<6:0> and starts its count. If SCL
and SDA are both sampled high when the baud rate
generator times out (TBRG) indicating the bus is still
available, the SDA pin is driven low. The SDA transition
from high to low while SCL is high is the START condi-
tion. This causes the S bit (SSPSTAT<3>) to be set.
When the S bit is set, the baud rate generator is
reloaded with the contents of SSPADD<6:0> and
resumes its count. When the baud rate generator times
out (TBRG) the START condition is complete, concur-
rent with the following events:

* The SEN bit (SSPCON2<0>) is automatically
cleared by hardware,

» The baud rate generator is suspended leaving the
SDA line held low.

e The SSPIF flag is set.

9.2.10

FIGURE 9-16: FIRST START BIT TIMING

Note: If at the beginning of START condition, the
SDA and SCL pins are already sampled
low, or if during the START condition, the
SCL line is sampled low before the SDA
line is driven low, a bus collision occurs.
Thus, the Bus Collision Interrupt Flag
(BCLIF) is set, the START condition is
aborted, and the 12C module is RESET into

its IDLE state.

9.2.10.1 WCOL STATUS FLAG

If the user writes the SSPBUF when a START
sequence is in progress, the WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing to the lower five bits of
SSPCON2 is disabled until the START

condition is complete.

Write to SEN bit occurs here.
SDA =1,

SCL=1

Set S bit (SSPSTAT<3>)

}—TBRG —TBRG,

At completion of START bit,
Hardware clears SEN bit
l and sets SSPIF bit

Write to SSPBUF occurs here
l /  astBi X 2ndBit

SDA I

SCL ! .

<TBRG

¢TBRG*
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9.2.14 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge sequence enable bit, ACKEN
(SSPCON2<4>). When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
ACKDT (SSPCON2<5>) is presented on the SDA pin.
If the user wishes to generate an Acknowledge (ACK),
then the ACKDT bit should be cleared. Otherwise, the
user should set the ACKDT bit (NACK) before starting
an Acknowledge sequence. The baud rate generator is
then loaded from SSPADD<6:0> and counts for one
rollover period (TBRG). The SCL pin is then de-asserted
(pulled high). When the SCL pin is sampled high (clock

arbitration), the baud rate generator is reloaded and
counts for another TBRG. At the completion of the TBRG
period, the following events occur (see Figure 9-20):

* The SCL pin is pulled low.

« The ACKEN bit is automatically cleared.

e The baud rate generator is turned off.

e The MSSP module goes into IDLE mode.

9.2.141 WCOL STATUS FLAG

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, the WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 9-20: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here,
Write to SSPCON2 ACKEN automatically cleared
ACKEN =1, ACKDT =0 J7
F—TBRG —’!‘_TBRG—’I
SDA X DO \  AGK |
|
|
scL g | Vo9
I I
| : |
SSPIF '

SSPIF occurs at the
end of receive

Cleared in
software

Note: TBRG = one baud rate generator period.

L Cleared in
software

SSPIF occurs at the end
of Acknowledge sequence
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FIGURE 11-2: PIC16C717 10-BIT A/D RESULT FORMAT

morm=0)  [wss| | | | | o[ el [T [ [ [ ]
bit7 bit7
10-bit A/D Result Unused
worm=1 [ | | | |wsg| L [ [ fese[ [ ]
bit7 bit7
N N
Unused 10-bit A/D Result Unused

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS and ANSEL bits
selected as an input. To determine acquisition time, see
Section 11.6. After this acquisition time has elapsed,
the A/D conversion can be started. The following steps
should be followed for doing an A/D conversion:

11.2 Configuring the A/D Module

1121 CONFIGURING ANALOG PORT
PINS

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

The A/D operation is independent of the state of the
TRIS bits and the ANSEL bits.

Note 1: When reading the PORTA register, all pins
configured as analog input channels will
read as '0’.

2: When reading the PORTB register, all
pins configured as analog pins on
PORTB will be read as '1’.

3: Analog levels on any pin that is defined as
a digital input, including the ANXx pins, may
cause the input buffer to consume current
that is out of the devices specification.

11.2.2 CONFIGURING THE REFERENCE
VOLTAGES

The VCFG bits in the ADCON1 register configure the
A/D module reference inputs. The reference high input
can come from an internal reference (VRH) or (VRL),
an external reference (VREF+), or AVDD. The low refer-
ence input can come from an internal reference (VRL),
an external reference (VREF-), or AVss. If an external
reference is chosen for the reference high or reference
low inputs, the port pin that multiplexes the incoming
external references is configured as an analog input,
regardless of the values contained in the A/D port con-
figuration bits (PCFG<3:0>).

DS41120C-page 108
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11.3 Selecting the A/D Conversion
Clock

The A/D conversion cycle requires 13TAD: 1 TAD for set-
tling time, and 12 TAD for conversion. The source of the
A/D conversion clock is software selected. If neither the
internal VRH nor VRL are used for the A/D converter,
the four possible options for TAD are:

» 2Tosc

* 8 Tosc

e 32 Tosc

» A/D RC oscillator

If the VRH or VRL are used for the A/D converter refer-
ence, then the TAD requirement is automatically
increased by a factor of 8.

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
of 1.6 us. Table 11-1 shows the resultant TAD times
derived from the device operating frequencies and the
A/D clock source selected.

The ADIF bit is set on the rising edge of the 14th TaD.
The GO/DONE bit is cleared on the falling edge of the
14th TaD.

TABLE 11-1: TaDp vs. DEVICE OPERATING FREQUENCIES
AID Reference A/D Clock Source (TAD) Device Frequency
Source
Operation | ADCS<1:0> 20 MHz 5 MHz 4 MHz 1.25 MHz
2 Tosc 00 100 ns® 400 ns® 500 ns(® 1.6 us
External VREF or o 01 400 ns® 16 us 2.0 s 6.4 us
Analog Supply
32 Tosc 10 1.6 ps 6.4 us® 8.0 us® 25.6 ps®
A/D RC 1 2 -6 ust4 2 -6 us4 2 -6 us®¥ 2 -6 ust4
Internal VRH or |16 Tosc 00 800 ns® 3.2 us®@ 4 us® 12.8 pus
VRL 64 Tosc 01 3.2 us®@ 12.8 ps 16 ps 51.2 ps®
256 Tosc 10 12.8 ps 51.2 ps® 64 ps® 204.8 ps®
A/D RC 1 16 - 48 s | 16 - 48 us*® | 16 - 48 s> | 16 - 48 pus*d

Legend: Shaded cells are outside of recommended range.

Note 1: The A/D RC source has a typical TAD time of 4 us for VDD > 3.0V.

2: These values violate the minimum required TAD time.

3: For faster conversion times, the selection of another clock source is recommended.
4: When the device frequency is greater than 1 MHz, the A/D RC clock source is only recommended if the conversion will be

performed during SLEEP.

5: A/D RC clock source has a typical TAD time of 32 us for VDD > 3.0V.
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12.8 Time-out Sequence

On power-up, the time-out sequence is as follows:
First PWRT time-out is invoked by the POR pulse.
When the PWRT delay expires, the Oscillator Start-up
Timer is activated. The total time-out will vary based on
oscillator configuration and the status of the PWRT.
For example, in RC mode with the PWRT disabled,
there will be no time-out at all. Figure 12-6, Figure 12-
7, Figure 12-8 and Figure 12-9 depict time-out
sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 12-8). This is useful for testing purposes or to
synchronize more than one PIC® microcontroller oper-
ating in parallel.

TABLE 12-3: TIME-OUT IN VARIOUS SITUATIONS

Table 12-5 shows the RESET conditions for some spe-
cial function registers, while Table 12-6 shows the
RESET conditions for all the registers.

12.9 Power Control/STATUS Register
(PCON)

The Power Control/STATUS Register, PCON, has two
status bits that provide indication of which power-up
type RESET occurred.

Bit0 is Brown-out Reset Status bit, BOR. The BOR bit
is unknown upon a POR. BOR must be set by the user
and checked on subsequent RESETS to see if bit BOR
cleared, indicating a BOR occurred.

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

Oscillator Configuration Power-up Brown-out Waksel::jz%lfgrom
PWRTE =0 PWRTE =1
XT, HS, LP TPWRT + 1024ToscC 1024Tosc TPWRT + 1024ToSC 1024Tosc
EC, ER, INTRC TPWRT — TPWRT —
TABLE 12-4: STATUS BITS AND THEIR SIGNIFICANCE

POR | BOR | TO | PD

0 x 1 1 | Power-on Reset

0 x 0 x | llegal, TO is set on POR

0 x x | o |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 ---- 1-0x
MCLR Reset during normal operation 000h 000u uuuu —--- 1-uu
MCLR Reset during SLEEP 000h 0001 Ouuu ---- 1-uu
WDT Reset 000h 0000 luuu ---- 1-uu
WDT Wake-up PC + 1 uuul Ouuu ---- u-uu
Brown-out Reset 000h 0001 luuu ---- 1-u0
Interrupt wake-up from SLEEP, GIE =0 PC + 1 uuul Ouuu ---- u-uu
Interrupt wake-up from SLEEP, GIE = 1 0004h uuul Ouuu ---- u-uu
Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0'.
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BTFSS Bit Test f, Skip if Set
Syntax: [label] BTFSS f,b
Operands: 0<f<127

0<b<7
Operation: skip if (f<b>) = 1
Status Affected: None

Description: If bit 'b" in register 'f'is '0', the next
instruction is executed.
If bit 'b' is '1', then the next instruc-
tion is discarded and a NOP is exe-
cuted instead making this a 2Tcy
instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [label] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =0

Status Affected: None

Description: If bit 'b" in register 'f' is '1', the next
instruction is executed.
If bit 'b', in register 'f', is '0', the
next instruction is discarded, and
aNOP is executed instead, making
this a 2Tcy instruction.

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. CALLIis
a two cycle instruction.

CLRF Clear f
Syntax: [label] CLRF f
Operands: 0<f<127
Operation: 00h — ()

157
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)
157
Status Affected: Z
Description: W register is cleared. Zero bit (2)
is set.
CLRWDT Clear Watchdog Timer
Syntax: [label] CLRWDT
Operands: None
Operation: 00h —» WDT
0 — WDT prescaler,
170
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.
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NOTES:
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PIC16LC717/770/771

Standard Operating Conditions (unless otherwise stated)

Operating temperature  0°C
-40°C
-40°C

<TA< +70°C for commercial
<TA < +85°C for industrial
<TA< +125°C for extended

Standard Operating Conditions (unless otherwise stated)

Operating temperature 0°C < TA< +70°C for commercial
PICI6CTL7/770/7T1 -40°C < TA< +85°C for industrial
-40°C < TA< +125°C for extended
Param.| Sym Characteristic Min | Typt | Max | Units Conditions
No.
IPD | power-down Current(®)
D020D PIC16LC7XX 0.3 | 20 | pA | VDD =3V, -40°C to 85°C
DO020E 5.0 VbD = 3V, -40°C to 125°C
DO020F 0.1 |15 pA | VDD = 2.5V, -40°C to 85°C
D020G 3.0 VDD = 2.5V, -40°C to 125°C
D020 PIC16C7XX 14 | 40 pA | VDD =5.5V, -40°C to 85°C
D020A 8.0 VDD = 5.5V, -40°C to 125°C
D020B 10 | 35 | pA |VDD =4V, -40°C to 85°C
D020C 6.0 VDD = 4V, -40°C to 125°C

*

—+

and are not tested.

Note 1:

These parameters are characterized but not tested.
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

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 I/O 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 I/O pins tristated, 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 hi-impedance state and tied to VDD or Vss.
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TABLE 15-22: MASTER SSP I°C BUS DATA REQUIREMENTS

Pe:\:gm. Symbol |Characteristic Min Max Units Conditions
100~ THIGH | Clock high time 100 kHz mode | 2(Tosc)(BRG + 1) — ms
400 kHz mode 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)(BRG + 1) — ms
101* TLOW Clock low time 100 kHz mode 2(Tosc)(BRG + 1) — ms
400 kHz mode 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)(BRG + 1) — ms
102* TR SDA and SCL 100 kHz mode — 1000 ns Cb is specified to be from
rise time 400 kHz mode 20 + 0.1Cb 300 ns 10 to 400 pF
1 MHz modet) — 300 ns
103* TF SDA and SCL 100 kHz mode — 300 ns Cb is specified to be from
fall time 400 kHz mode 20 + 0.1Cb 300 ns 10 to 400 pF
1 MHz mode() — 100 ns
90* Tsu:sTA |START condition 100 kHz mode 2(Tosc)(BRG + 1) — ms | Only relevant for Repeated
setup time 400 kHz mode 2(Tosc)(BRG + 1) — ms |START
1 MHz mode® | 2(Tosc)(BRG + 1) — ms |condition
91* THD:STA |START condition 100 kHz mode 2(Tosc)(BRG + 1) — ms | After this period the first clock
hold time 400 kHz mode | 2(Tosc)(BRG + 1) — ms |pulse is generated
1 MHz mode® | 2(Tosc)(BRG + 1) — ms
106* THD:DAT |Data input 100 kHz mode 0 — ns
hold time 400 kHz mode 0 0.9 ms
1 MHz mode() TBD — ns
107* Tsu:DAT |Data input 100 kHz mode 250 — ns Note 2
setup time 400 kHz mode 100 — ns
1 MHz mode() TBD — ns
92* Tsu:sTo |STOP condition 100 kHz mode 2(Tosc)(BRG + 1) — ms
setup time 400 kHz mode 2(Tosc)(BRG + 1) — ms
1 MHz mode® | 2(Tosc)(BRG + 1) — ms
109* TaA Output valid from 100 kHz mode — 3500 ns
clock 400 kHz mode — 1000 ns
1 MHz mode® — — ns
110 TBUF Bus free time 100 kHz mode 4.7% — ms | Time the bus must be free
400 kHz mode 13% — ms | before a new transmission
1 MHz mode® TBD% — ms |can start
D102 * Cbh Bus capacitive loading — 400 pF

* These parameters are characterized but not tested. For the value required by the 12C specification, please refer to the

PICmicro™ Mid-Range MCU Family Reference Manual (DS33023).
t These parameters are for design guidance only and are not tested, nor characterized.

Note 1:
2:

Maximum pin capacitance = 10 pF for all I°C pins.

A Fast mode I°C bus device can be used in a Standard mode 1°C bus system, but (Tsu:DAT) > 250 ns must then be met.
This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does

stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line.

[(TR) + (Tsu:DAT) = 1000 + 250 = 1250 ns], for 100 kHz mode, before the SCL line is released.
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FIGURE 16-16: TYPICAL Ipbb VS. VDD (INTRC 4 MHz MODE)
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FIGURE 16-17: INTERNAL RC Fosc VS. Vbb OVER TEMPERATURE (4 MHz)
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FIGURE 16-20: TYPICAL AND MAXIMUM alTMR1 VS. VDD (32 KHZ, -40°C TO +125°C)
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FIGURE 16-21: TYPICAL AND MAXIMUM alvrL VS. VDD (-40°C TO +125°C)
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FIGURE 16-32: MINIMUM AND MAXIMUM VIH/VIL VS. VDD (ST INPUT,-40°C TO +125°C)
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FIGURE 16-33: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD VS. VDD (-40°C TO +125°C)
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Prescaler, TIMer2........ccccocviviiiiiiiiiiic s
Select (T2CKPS Bits)
PRO MATE Il Universal Device Programmer ................... 143
Program Counter
PCL REQISIEN......viiiiiiiieeciieee e 22
PCLATH RegISter ....cccviiciieiiiiie e 22,128
Reset Conditions...........cccviiiiiiiiiiiiiiic e 123
Program Memory ... ...9
INterrupt VECTOr ... 9
PagiNg ...eeeiiieeieie e 9, 22
Program Memory Map ........cccooovvmiriieeinininieeeee e 9
READ (PMR)...iiiiiiiiiiiieitie et 43
RESEt VECION ......cooiiiiiiiiiiiciiic i, 9
Program Verification............ccocveeiiiie e 131
Programmable Brown-out Reset (PBOR) ................. 121, 122
Programming, Device INStruCtions .............cccceevevveernneennne 133
PWM (CCP Module)
TMR2 t0 PR2 MatCh ....cuoiiiiiiiiiicciicccecee 51
TMR2 to PR2 Match Enable (TMR2IE Bit) ................. 17
PWM (ECCP Module) .......ccoouiiiiiiiiiiiiiiiii e 56
BIOCK Diagram........c.cocuveiiiiiieiieniie e 56
CCPR1H:CCPRI1L RegISters......cccovvveririeiirieeriieees 56
Duty Cycle.......cccocevvinveennns

Output Diagram.

RAM. See Data Memory
RCE,Receive Enable bit, RCE..........c.ccccooiniiiniciiicecne 69

RCSTA REQISIEN....cciiiiiiiiiiiiie ittt
Read/Write bit, RIW ...........ccooorrrerrivrennn.
Receive Overflow Indicator bit, SSPOV ...
REFCON ....ooiiiiiiiii .
RegISter File ......ooiiiiiciii e
Register File Map .......c.cooeciieiiieiiiniicee e
Registers
FSR SUMMANY .....ooiiiiiiiiiiii e
INDF Summary ..........
INTCON Summary
PCL Summatry............
PCLATH SUMMAY .....cooiiiiiiiiiieiiineeee e 13
PORTB SUMMAIY ...ccoiiiiiiiiiiie e 13
SSOPSTAT ..ot 66, 101
STATUS SUMMANY ....ooiiiiiiiiiiicciieee e 13
TMRO SUMMAIY ..ot 13
TRISB SUMMAIY ..ot 13

Block Diagram
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 .........ccccccvvevvnnnene
Reset Conditions for PCON Register...........c.ccoueene.
Reset Conditions for Program Counter-..
Reset Conditions for STATUS Register....................
WDT Reset. See Watchdog Timer (WDT)
Restart Condition Enabled bit, RSE ............c..cccceoiiiiennnne 69
ReViISiON HIStOrY ......ccooiiiiieiiiciicee e 207

S
S e 66
SAE 69

Serial Data IN, SDI....uuuviiiiieiiiiiiie e 70
Serial Data Out, SDO .......ccoeiiiiiiiiiee e 70
Slave Select Synchronization ..., 73
Slave Select, SS.....iiie e 70

Special Event Trigger. See Compare

Special Features of the CPU ............ccoociviiieiiiieciieee 117
Special Function Registers..........ccocvvvvieniiiieciicniicneenn 11
PICLBCTLT oot 11
PICLIBCTATITTOITTL .o 11

PIC16C770.............

PIC16C771... .
Speed, OPEratiNg........ccvveerrereriieie i
SPI

MaStEr MOGE......cciiiiiiiiiie et 72

Serial ClOCK........cuvviiiiiii e 70

Serial Data IN......uoeiiiiie e 70

Serial Data Out ..........c.ceeeveeneee. .70

Serial Peripheral Interface (SPI)... .. 65

Slave SeleCt.........cccovvvveiiiieennns .. 70

SPICIOCK. ..t 72

SPIMOGE .....oiiiiiiiieie e 70
SPI Clock Edge Select, CKE .........ccoceeiiiieniiiieiiiee e 66
SPI Data Input Sample Phase Select, SMP ............ccccc..... 66
SPI Master/Slave ConNeCtioN ............covvvvernieeeeiiiie e 71
SPI Module

Master/Slave CoNNeCction...........cccceevvvvrnienieeiie e, 71

Slave Mode..........cccovveeeenenn. .. 73

Slave Select Synchronization .73
___ Slave Synch Timnig........c.cccooviininniiiiie 73
S e 70
SO e 65

Block Diagram (SPI Mode) ........cccceeriiiiiiniiiniciieennn, 70

Enable (SSPIE Bit) ................ .17

SPI Mode.... .70

SSPADD ..ottt 77

SSPBUF ...t 72,76

SSPCON ..ot 67

SSPCON2 ...ttt 69, 70

SSPSR . 72,77

SSPSTAT ettt 66, 76, 101

TMR2 Output for Clock Shift.........cccccoeviiiiiiincnne. 51, 52
SSP I’C

SSP 12C OPEration .........oveeveeeeeeeeeeeeeeeeeeceeeeeeseensesennn. 76
SSP Module

SPIMaSter MOAE.........ccoviiiiiiiieciiieee e 72

SPI Master./Slave Connection...........ccccvvevvvveennneeenne 71

SPI Slave MOGE ......couuiiiiiiiec et 73

SSPCONL REQISLEN ....oeeiiiiieiiiieeeriieee e 76
SSP Overflow Detect bit, SSPOV .. .77
SSPADD REQISIEN ..ottt 12
SSPBUF ......cccovenen. .13,76, 77
SSPBUF REQJISIEN ...ttt 11
SSPCON ...ttt 67
SSPCON REQISIEN ..ot 11

DS41120C-page 212

© 1999-2013 Microchip Technology Inc.



