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PIC16C77X

2227 PIR2 REGISTER

Note: Interrupt flag bits get set when an interrupt
This register contains the CCP2, SSP Bus Collision, condition occurs regardless of the state of
and Low-voltage detect interrupt flag bits. its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.
FIGURE 2-9: PIR2 REGISTER (ADDRESS 0Dh)
R/W-0 U-0 U-0 U-0 R/W-0 U-0 U-0 R/W-0
[woFr [ — [ — [ — [Bour | — — | ccraF | [R =Readable bit
bit7 pito [W = Writable bit

bit 7: LVDIF: Low-voltage Detect Interrupt Flag bit

bit 6-4: Unimplemented: Read as '0'
bit 3: BCLIF: Bus Collision Interrupt Flag bit

(must be cleared in software)
0 = No bus collision occurred

bit 2-1: Unimplemented: Read as '0'
bit 0: CCP2IF: CCP2 Interrupt Flag bit

Capture Mode

0 = No TMR1 register capture occurred

Compare Mode

PWM Mode
Unused

1 = The supply voltage has fallen below the specified LVD voltage (must be cleared in software)
0 = The supply voltage is greater than the specified LVD voltage

1 = A bus collision has occurred while the SSP module configured in I’C Master was transmitting

1 = A TMR1 register capture occurred (must be cleared in software)

1= A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
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71 Capture Mode

In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as:

* every falling edge

* every rising edge

* every 4th rising edge

* every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before
the value in register CCPR1 is read, the old captured
value will be lost.

7141 CCP PIN CONFIGURATION

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

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

FIGURE 7-2: CAPTURE MODE OPERATION
BLOCK DIAGRAM

Set flag bit CCP1IF

Prescaler (PIR1<2>)
g '7 v1,4,16 4
RC2/CCP1 CCPR1H | CCPRIL
RO _F
and Capture
edge detect Enable

TMR1H TMR1L

T CCP1CON<3:0>
Qs

7.1.2  TIMER1 MODE SELECTION

Timer1 must be running in timer mode or synchronized
counter mode for the CCP module to use the capture
feature. In asynchronous counter mode, the capture
operation may not work.

7.1.3  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.

7.1.4  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. This means that 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 7-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 7-1: CHANGING BETWEEN
CAPTURE PRESCALERS
CLRF CCP1CON  ;Turn CCP module off
MOVLW NEW_CAPT_PS ;Load the W reg with
; the new prescaler
; mode value and CCP ON
MOVWF CCP1CON ;Load CCP1CON with this
; value
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7.2 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/CCP1 pin is:

¢ driven High

e 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 7-3: COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:

reset Timer1, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCONO0<2>)

which starts an A/D conversion

Special Event Trigger (CCP2 only)

Set flag bit CCP1IF

(PIR1<2>)
CCPR1H| CCPR1L

A

7.21 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by clearing the TRISC<2> bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the data latch.

7.2.2  TIMER1 MODE SELECTION

Timer1 must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

7.23  SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

7.24  SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to

3 Vi effectively be a 16-bit programmable period register for
Timer1.
RC2/CCP1 o
i 0y The special trigger output of CCP2 resets the TMR1
TRISC<2> 99
Output Enable  GCP1CON<3:0> register pair, and starts an A/D conversion (if the A/D
Mode Select module is enabled).
Note: The special event trigger from the CCP2
module will not set interrupt flag bit
TMRI1IF (PIR1<0>).
TABLE 7-3 REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
Value on: | Value on
Address |[Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 POR, all other
BOR resets
0Bh,8Bh, [INTCON GIE PEIE| TOIE INTE RBIE TOIF INTF RBIF | 0000 000x Q000 000u
10Bh,18Bh
0Ch PIR1 PsSPIF |ADIF| RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 Q000 0000
8Ch PIE1 PSPIEM |ADIE| RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE |0000 0000 Q000 0000
87h TRISC PORTC Data Direction Register 11111111 11111111
OEh TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX uliuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1register XXXX XXXX uliuu uuuu
10h T1CON — | — [T1CKPS1][T10KPSO[T1OSCEN]TTSYNG [TMR1CS [TMR1ON|--00 0000 ~{iu uuuu
15h CCPR1L |Capture/Compare/PWM register1 (LSB) XXXX XXXX Uliuu uuuu
16h CCPR1H |Capture/Compare/PWM register1 (MSB) XXXX XXXX Uliuu uuuu
17h ccPicoN| — | — [coPix_ [ccP1Y [CCPiM3 [CCP1M2|CCP1MT [CCP1MO |00 0000 -0 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by Capture and Timer1.

Note 1:  Bits PSPIE and PSPIF are reserved on the 28-pin, always maintain these bits clear.

1999-2013 Microchip Technology Inc.
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FIGURE 8-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

R/W-0

RW-0 R/W-0 R/W-0 R/W-0 RW-0 RW-0 R/W-0

[ wcoL [ ssPov [SSPEN | CKP | ssPM3 [ SSPM2 [ SSPM1 | SSPMO | [R = Readable bit

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3-0:

bit0 W = Writable bit
- n =Value at POR reset

WCOL: Write Collision Detect bit

Master Mode:

1 = A write to the SSPBUF register was attempted while the I1>C conditions were not valid for a
transmission to be started

0 = No collision

Slave Mode:

1 = The SSPBUF register is written while it is still transmitting the previous word

(must be cleared in software)

0 = No collision

SSPOV: Receive Overflow Indicator bit

In SPI mode

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case of overflow,
the data in SSPSR is lost. Overflow can only occur in slave mode. In slave mode, the user must read the
SSPBUF, even if only transmitting data, to avoid setting overflow. In master mode, the overflow bit is not
set since each new reception (and transmission) is initiated by writing to the SSPBUF register. (Must be
cleared in software).

0 = No overflow

In 12C mode

1 = Abyte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don’t care"
in transmit mode. (Must be cleared in software).

0 = No overflow

SSPEN: Synchronous Serial Port Enable bit

In both modes, when enabled, these pins must be properly configured as input or output.

In SPI mode

1 = Enables serial port and configures SCK, SDO, SDI, and SS as the source of the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In I2C mode

1 = Enables the serial port and configures the SDA and SCL pins as the source of the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

CKP: Clock Polarity Select bit

In SPI mode

1 = Idle state for clock is a high level

0 = Idle state for clock is a low level

In 12C slave mode

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch) (Used to ensure data setup time)
In [2C master mode

Unused in this mode

SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

0000 = SPI master mode, clock = Fosc/4

0001 = SPI master mode, clock = Fosc/16

0010 = SPI master mode, clock = Fosc/64

0011 = SPI master mode, clock = TMR2 output/2

0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/O pin
0110 = I2C slave mode, 7-bit address

0111 = I2C slave mode, 10-bit address

1000 = I2C master mode, clock = FOSC / (4 * (SSPADD+1) )
1xx1 = Reserved

1x1x = Reserved
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8.22 GENERAL CALL ADDRESS SUPPORT

The addressing procedure for the I2C bus is such that
the first byte after the START condition usually deter-
mines which device will be the slave addressed by the
master. The exception is the general call address which
can address all devices. When this address is used, all
devices should, in theory, respond with an acknowl-
edge.

The general call address is one of eight addresses
reserved for specific purposes by the I2C protocol. It
consists of all 0’s with R/'W =0

The general call address is recognized when the Gen-
eral Call Enable bit (GCEN) is enabled (SSPCON2<7>
is set). Following a start-bit detect, 8-bits are shifted
into SSPSR and the address is compared against
SSPADD, and is also compared to the general call
address, fixed in hardware.

If the general call address matches, the SSPSR is
transfered to the SSPBUF, the BF flag is set (eighth bit),

and on the falling edge of the ninth bit (ACK bit) the
SSPIF flag is set.

When the interrupt is serviced. The source for the
interrupt can be checked by reading the contents of the
SSPBUF to determine if the address was device spe-
cific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match, and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when GCEN is set while the slave is config-
ured in 10-bit address mode, then the second half of
the address is not necessary, the UA bit will not be set,
and the slave will begin receiving data after the
acknowledge (Figure 8-16).

FIGURE 8-16: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE (7 OR 10-BIT MODE)

Address is compared to General Call Address
l after ACK, set interrupt flag
c- s RW =0 Receiving data ACK
son T\l A0k /57)(08 Y 0504 Y0802 ) 1) Do
SCL —
SSPIF '
BF
(SSPSTAT<0>)
I “— Cleared in software
SSPBUF is read
SSPOV 0
(SSPCON<6>)
GCEN T
(SSPCON2<7>)
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FIGURE 8-24: REPEATED START CONDITION FLOWCHART (PAGE 2)

rollover?

Force SDA =0,
Load BRG with

SSPADD<6:0>

Yes

Force SCL =0,
Reset BRG Repeated Start
condition done,

Clear RSEN,

Set SSPIF.

A
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FIGURE 8-30: ACKNOWLEDGE FLOWCHART

Idle mode -
Set AKEN

Force SCL =0

—

Yes

No

Yes Force SCL = 0,
Yes —» Reset BRG Clear AKEN, -

Set SSPIF

Drive AKDT bit
(SSPCON2<55) No
onto SDA pin,
Load BRG with
SSPADD<6:0>,

start count. No
-
—
Yes
BRG
rollover?
Yes
Yes
No
Force SCL =1
> Bus collision detected,
Set BCLIF,
Release SCL,
Clear AKEN
No
(Clock Arbitration)
Yes

Load BRG with
SSPADD <6:0>,
start count.
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8.2.14 STOP CONDITION TIMING

A stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit PEN (SSPCON2<2>). At the end of a receive/trans-
mit the SCL line is held low after the falling edge of the
ninth clock. When the PEN bit is set, the master will
assert the SDA line low . When the SDA line is sam-
pled low, the baud rate generator is reloaded and
counts down to 0. When the baud rate generator times
out, the SCL pin will be brought high, and one Tgrg
(baud rate generator rollover count) later, the SDA pin
will be de-asserted. When the SDA pin is sampled high

while SCL is high, the P bit (SSPSTAT<4>) is set. A
TBRG later the PEN bit is cleared and the SSPIF bit is
set (Figure 8-31).

Whenever the firmware decides to take control of the
bus, it will first determine if the bus is busy by checking
the S and P bits in the SSPSTAT register. If the bus is
busy, then the CPU can be interrupted (notified) when
a Stop bit is detected (i.e. bus is free).

8.2.14.14 WCOL STATUS FLAG

If the user writes the SSPBUF when a STOP sequence
is in progress, then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

FIGURE 8-31: STOP CONDITION RECEIVE OR TRANSMIT MODE

Write to SSPCON2
Set PEN__

Falling edge of

SCL = 1 for Tggg, followed by SDA = 1 for Tggg
after SDA sampled high. P bit (SSPSTAT<4>) is set

PEN bit (SSPCON2<2>) is cleared by

9th clock l =1 hardware and the SSPIF bit is set
TEF\G |
scL —\_ ]
| \
SDA ACK | ‘
L P
I~ Tere —fe Tera —— Tore —

SCL brought high after Tggg

SDA asserted low before rising edge of clock
to setup stop condition.

Note: Tgrg = 0One baud rate generator period.
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8.2.18.16 BUS COLLISION DURING A REPEATED
START CONDITION

During a Repeated Start condition, a bus collision
occurs if:

a) A low level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low, indi-
cating that another master is attempting to trans-
mit a data ’1’.

When the user de-asserts SDA and the pin is allowed

to float high, the BRG is loaded with SSPADD<6:0>,

and counts down to 0. The SCL pin is then de-

asserted, and when sampled high, the SDA pin is sam-

pled. If SDA is low, a bus collision has occurred (i.e.

another master is attempting to transmit a data '0’). If

however SDA is sampled high then the BRG is
reloaded and begins counting. If SDA goes from high
to low before the BRG times out, no bus collision
occurs, because no two masters can assert SDA at
exactly the same time.

If, however, SCL goes from high to low before the BRG
times out and SDA has not already been asserted, then
a bus collision occurs. In this case, another master is
attempting to transmit a data '1’ during the Repeated
Start condition.

If at the end of the BRG time out both SCL and SDA are
still high, the SDA pin is driven low, the BRG is
reloaded, and begins counting. Atthe end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated Start condition is com-
plete (Figure 8-38).

FIGURE 8-38: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)

SDA
SCL

Sample SDA when SCL goes high.

If SDA = 0, set BCLIF and release SDA and SCL
RSEN ‘
BCLIF

Cleared in software

s 0 0
SSPIF o

FIGURE 8-39: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)

| } TBRG |
SDA e
SCL / "
SCL goes low before SDA,;

BCLIF Set BCLIF. Release SDA and SCL ‘
Interrupt cleared
in software

RSEN ‘

S ' 0

sspiF _ O o
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8.3 Connection Considerations for 12C_
Bus

For standard-mode 12C bus devices, the values of
resistors Ry, Rsin Figure 8-42 depends on the following
parameters
¢ Supply voltage
¢ Bus capacitance
* Number of connected devices
(input current + leakage current).
The supply voltage limits the minimum value of resistor

Rp, due to the specified minimum sink current of 3 mA
at VoL max = 0.4V for the specified output stages. For

example, with a supply voltage of VDD = 5V+10% and
VoL max = 0.4V at 3mA, R, min = (5.5-0.4)/0.003 =
1.7 k: VDD as a function of Ry is shown in Figure 8-42.
The desired noise margin of 0.1VDD for the low level
limits the maximum value of Rg. Series resistors are
optional and used to improve ESD susceptibility.

The bus capacitance is the total capacitance of wire,
connections, and pins. This capacitance limits the max-
imum value of R, due to the specified rise time
(Figure 8-42).

The SMP bit is the slew rate control enabled bit. This bit
is in the SSPSTAT register, and controls the slew rate
of the 1/O pins when in 12C mode (master or slave).

FIGURE 8-42: SAMPLE DEVICE CONFIGURATION FOR I2C BUS

VoD + 10%

DEVICE

SDA

SCL

NOTE: I2C devices with input levels related to VDD must have one common supply

line to which the pull up resistor is also connected.

% 4 Cy=10 - 400 pF
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TABLE 9-5 BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

BAUD FOSC =20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.16 MHz SPBRG
RATE % value % value % value % value
(K) KBAUD ERROR (decimal)| KBAUD ERROR (decimal)|KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64 9.520 -0.83 46
19.2 19.230 +0.16 64 19.230 +0.16 51 18.939 -1.36 32 19.454 +1.32 22
38.4 | 37.878 -1.36 32 38.461 +0.16 25 39.062 +1.7 15 37.286 -2.90 11
57.6 |56.818 -1.36 21 58.823 +2.12 16 56.818 -1.36 10 55.930 -2.90 7
115.2 |(113.636 -1.36 10 111.111 -3.55 8 125 +8.51 4 111.860 -2.90 3
250 250 0 4 250 0 3 NA - - NA - -
625 625 0 1 NA - - 625 0 0 NA - -
1250 1250 0 0 NA - - NA - - NA - -
BAUD FOSC = 5.068 MHz SPBRG 4 MHz SPBRG 3.579 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % value % value % value % value % value
(K) KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal){ KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
9.6 9.6 0 32 NA - - 9.727 +1.32 22 8.928 -6.99 6 NA - -
19.2 18.645 -2.94 16 1202 4917 207 18.643 -2.90 11 20.833 +8.51 2 NA - -
38.4 396  +3.12 7 2403 +0.13 103 |37.286 -2.90 5 31.25 -18.61 1 NA - -
57.6 52.8 -8.33 5 9.615 +0.16 25 55.930 -2.90 3 62.5 +8.51 0 NA - -
115.2 105.6 -8.33 2 19.231 +0.16 12 111.860 -2.90 1 NA - - NA - -
250 NA - - NA - - 223.721 -10.51 0 NA - - NA - -
625 NA - - NA - - NA - - NA - - NA - -
1250 NA - - NA - - NA - - NA - - NA - -
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FIGURE 9-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST

i Start S
RN VT C1) @SS CrVCTANVETS G5 ETVeT
it i

. CQ n C C
Load RSR o)) i ‘ ) i 55
Bit8 = 1, Address Byte Bit8 = 0, Data Byte T WORD 1
cC | CC RORES (¢ n_
Read D) ‘ D) ) ’)
. C C
RCIF C)C) P DD I

Note: This timing diagram shows an address byte followed by a data byte. The data byte is not read into the RCREG (receive buffer)
because ADEN was not updated and still = 0.

TABLE 9-7 REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on

Address | Name Bit7 Bit6| Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets

0Ch PIR1 PSPIF®) | ADIF| RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 |0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x |0000 000X
1Ah RCREG | USART Receive Register 0000 0000 |0000 0000
8Ch PIE1 PSPIE") | ADIE| RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 [0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC — BRGH TRMT TX9D | 0000-010 OO0 -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 28-pin devices, always maintain these bits clear.
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9.4 USART Synchronous Slave Mode

Synchronous slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RC6/TX/CK pin (instead of being supplied internally
in master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

9.4.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the synchronous master and slave
modes are identical except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the

SLEEPiInstruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up a Synchronous Slave

Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

9.42  USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the synchronous master and slave
modes is identical except in the case of the SLEEP
mode. Also, bit SREN is a don't care in slave mode.

If receive is enabled, by setting bit CREN, prior to the
SLEEPiInstruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

Steps to follow when setting up a Synchronous Slave
Reception:

1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. If interrupts are desired, then set enable bit
RCIE.

3. If 9-bit reception is desired, then set bit RX9.

4. To enable reception, set enable bit CREN.

5. Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated, if
enable bit RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.
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PIC16C77X

FIGURE 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

R/W-0  R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

‘ ADFM ‘ VCFG2 ‘ VCFG1 ‘ VCFGO ‘ PCFG3 ‘ PCFG2 ‘ PCFG1 ‘ PCFGO

bit7 bit 0

bit 7: ADFM: A/D Result Format Select bit
1 = Right justified
0 = Left justified

bit 6:4  VCFG2:VCFGO: Voltage reference configuration bits

A/D VREFH A/D VREFL
000 AvDD Avss
001 External VREF+ External VREF-
010 Internal VRH Internal VRL
011 External VREF+ Avss
100 Internal VRH Avss
101 AvDD External VREF-
110 AvDD Internal VRL
111 Internal VRL Avss

bit3:0 PCFG3:PCFGO: A/D Port Configuration bits(")

Readable bit

Writable bit

Unimplemented bit, read as ‘0’
Value at POR reset

AN9 | AN8 | AN7 | AN6 | AN5 | AN4 | AN3 | AN2 | AN1 | ANO

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

O|0O|0O|0|0|0|0|0|O|>»|>|>|>|>|>
O|0O|0O|0O|0|0|O0|>|[>|>|>|>|>|>|>

1110

o|lo|o|o|o|lo|lo|lo|log|>|»|>|>|>|>|>
o|lo|lo|lo|o|lo|ol>»|>»|>|>|>|>|>|>|>
o|lo|lolo|lo|lo|>|>»|>|>|>»|>|>|>|>|>
olo|lo|lo|o|l»|>»|>»|>|>|>|>»|>|>|>|>
olo|lolo|>»|>»|>|>|>»|>|>|>|>|>|>|>
ololol>»|>|>»|>|>>|>|>|>|>|>|>|>
olo|l»|>»|>(>|>|>>»|>|>|>|>|>|>|>

1111 | D D

O(>» (> 2>|>|>|>|> (> > >|>|>|>>|>

A = Analog input D= Digital /O

Note 1: Selection of an unimplemented channel produces a result of OXFFFFFF.
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FIGURE 12-1: CONFIGURATION WORD

’ CP1 ‘ CPO ‘BORV1‘BORVO‘ CP1 ‘ CPO ‘ - ‘BODEN ‘ CP1 ‘ CPO ‘PWRTE‘ WDTE ‘ FOSC1 ‘ FOSCOo

Register:  CONFIG
Address 2007h

bit13 12 1 10 9 8 7 6 5

bit 13-12: CP1:CPO0: Code Protection bits (2)
bit 9-8: 11 = Program memory code protection off
bit 5-4: 10 = 0800h-OFFFh code protected

01 = 0400h-OFFFh code protected

00 = 0000h-OFFFh code protected

bit 11-10: BORV1:BORVO0: Brown-out Reset Voltage bits(®)
11 = VBOR set to 2.5V
10 = VBOR set to 2.7V
01 = VBOR set to 4.2V
00 = VBOR set to 4.5V

bit 7: Unimplemented, Read as '1'

bit 6: BODEN: Brown-out Reset Enable bit (1)
1 = Brown-out Reset enabled
0 = Brown-out Reset disabled

bit 3: PWRTE: Power-up Timer Enable bit (1)
1 = PWRT disabled
0 = PWRT enabled

bit 2: WDTE: 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

3 2 1 bit0

Note 1:
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.
2: All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.
3:

Enabling Brown-out Reset automatically enables the Power-up Timer (PWRT) regardless of the value of bit PWRTE.

These are the minimum trip points for the BOR, see Table 15-4 for the trip point tolerances. Selection of an unused

setting may result in an inadvertant interrupt.

12.2 Oscillator Configurations

12.2.1  OSCILLATOR TYPES

The PIC16C77X can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to select one of these four
modes:

e LP Low Power Crystal

o XT Crystal/Resonator

e HS High Speed Crystal/Resonator

* RC Resistor/Capacitor

12.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 12-2). The
PIC16C77X oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturers specifica-
tions.

A difference from the other mid-range devices may be
noted in that the device can be driven from an external
clock only when configured in HS mode (Figure 12-3).
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12.10.1 INT INTERRUPT

External interrupt on 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 rou-
tine before re-enabling this interrupt. The INT interrupt
can wake-up the processor from SLEERP, if bit INTE was
set prior to going into SLEEP. The status of global inter-
rupt enable bit GIE decides whether or not the proces-
sor branches to the interrupt vector following wake-up.
See Section 12.13 for details on SLEEP mode.

12.10.2 TMRO INTERRUPT

An overflow (FFh o 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>). (Section 4.0)

12.10.3 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<4>).
(Section 3.2)

12.11 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt, i.e., W register and STATUS
register. This will have to be implemented in software.

Example 12-1 stores and restores the W and STATUS
registers. The register, W_TEMP, must be defined in
each bank and must be defined at the same offset from
the bank base address (i.e., if W_TEMP is defined at
0x20 in bank 0, it must also be defined at 0xAO in bank
1).

The example:

a) Stores the W register.

)
b) Stores the STATUS register in bank 0.
c) Stores the PCLATH register.
d) Executes the interrupt service routine code

(User-generated).

e) Restores the STATUS register (and bank select
bit).

f)  Restores the W and PCLATH registers.

EXAMPLE 12-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM
MOVWF W_TEMP ;Copy W to TEMP register, could be bank one or zero
SWAPF STATUS,W ;Swap status to be saved into W
CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RP0O
MOVWF STATUS_TEMP ;Save status to bank zero STATUS_TEMP register
MOVF  PCLATH, W ;Only required if using pages 1, 2 and/or 3
MOVWF PCLATH_TEMP ;Save PCLATH into W
CLRF PCLATH ;Page zero, regardless of current page
BCF STATUS, IRP ;Return to Bank O
MOVF FSR,W ;Copy FSR to W
MOVWF FSR_TEMP ;Copy FSR from W to FSR_TEMP

{ISR)

MOVF PCLATH_TEMP, W ;Restore PCLATH

MOVWF PCLATH ;Move W into PCLATH

SWAPF STATUS_TEMP,W ;Swap STATUS_TEMP register into W
;(sets bank to original state)

MOVWF STATUS ;Move W into STATUS register

SWAPF W_TEMP,F ;Swap W_TEMP

SWAPF  W_TEMP,W ;Swap W_TEMP into W
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15.5

15.5.1

AC Characteristics: PIC16C77X (Commercial, Industrial)
TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created following one of the following formats:

1. TppS2pp$S 3.TccsT  (I’C specificW
2. TppS 4.Ts (I’C specifications-6nly)
T
F Frequency T Tim / N\
Lowercase letters (pp) and their meanings: / /
PP
cc CCP1
ck CLKOUT
cs CcS D oxWR
di SDI
do SDO
dt Data in t0 TOCKI
io I/0 port T1CKI
mc MCLR wr WR
Uppercase Ietter%@l?m&min&a\\ \ |
P Period
R Rise
\% Valid
z Hi-impedance
AA output access High High
BUF Bus free Low Low
Tce:sT (I2C specifications only)
cc
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition

STA START condition

1999-2013 Microchip Technology Inc.
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FIGURE 15-3: LOAD CONDITIONS

Load condition 1 Load condition 2

VDD/2

RL

Pin C

i T Pin 7T C
Vss Vss
RL = 464:
CL = 50pF forall pins except OSC2, but including PORTD angPO utp S
ports
15 pF  for OSC2 output
Note: PORTD and PORTE are not implementedm CXA3.

%@% -
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FIGURE 15-12: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10SI/CCP2
and RC2/CCP1
(Capture Mode)

:<750‘>; ;<751 —

52

RC1/T10SI/CCP2
and RC2/CCP1
(Compare or PWM Mode)

53— e

Note: Refer to Figure 15-3 for load 68nditions

TABLE 15-13 CAPTURE/COMP& é(PWI\KR /IE@N\@ (CCP1 AND CCP2)
Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
S
Tee

50" ‘BKP\\esc ler 05Tcy+20 | — | — | ns
ut Iow tl e ~_~ PIC16C77X 10 — | _ ns
With Prescaler o516 c77x 20 — [ =1 ns

51* N 1 \1/0 No Prescaler 0.5Tcy+20 | — — ns

ut\ighrtime PIC16C77X 10 — | — | ns
$ With Prescaler [5,~1a1 c77x 20 — | = ns

52*\ TccP |cCP1 and CCP2 input period 3Tcy + 40 — — ns |N = prescale value

N (1,4 or 16)

53* TccR |CCP1 and CCP2 output fall time  |PIC16C77X — 10 25 ns
PIC16LC77X — 25 45 ns
54* TccF |CCP1 and CCP2 output fall time  |PIC16C77X — 10 25 ns
PIC16LC77X — 25 45 ns

*

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

Microcontroller Core Features: Pin Diagram

¢ High-performance RISC CPU
« Only 35 single word instructions to learn
All single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
¢ 4K x 14 words of Program Memory;,
256 x 8 bytes of Data Memory (RAM)

Interrupt capability (up to 14 internal/external
interrupt sources)

Eight level deep hardware stack
« Direct, indirect, and relative addressing modes
« Power-on Reset (POR)

* Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

» Watchdog Timer (WDT) with its own on-chip RC Peripheral Features:
oscillator for reliable operation

« Programmable code-protection

TimerO0: 8-bit timer/counter with 8-bit prescaler
Timer1: 16-bit timer/counter with prescaler,

* Power saving SLEEP mode can be incremented during sleep via external
» Selectable oscillator options crystal/clock
» Low-power, high-speed CMOS EPROM « Timer2: 8-bit timer/counter with 8-bit period

technology
Fully static design
In-Circuit Serial Programming ¥ (ISCP
* Wide operating voltage range: 2.5V to 5.5V
High Sink/Source Current 25/25 mA
« Commercial and Industrial temperature ranges
* Low-power consumption:
- <2mA @ 5V, 4 MHz
- 22.5 R typical @ 3V, 32 kHz
- <1 RAtypical standby current
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