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PIC16C77X

2225 PIR1 REGISTER

This register contains the individual flag bits for the condition occurs regardiess of the state of
peripheral interrupts. its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-

Note: Interrupt flag bits get set when an interrupt

ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

FIGURE 2-7: PIR1 REGISTER (ADDRESS 0Ch)

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

[PsPIFM ] ADIF | RcIF | TXIF [ SSPIF | CCP1IF_| TMR2IF | TMR1IF

R = Readable bit

bit7:  PSPIF("): Parallel Slave Port Read/Write Interrupt Flag bit

0 = No read or write has occurred
bit 6:  ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete
bit 5:  RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full (cleared by reading RCREG)
0 = The USART receive buffer is empty

bit 4:  TXIF: USART Transmit Interrupt Flag bit

0 = The USART transmit buffer is full
bit 3:  SSPIF: Synchronous Serial Port Interrupt Flag bit

0 = Waiting to transmit/receive

bit 2:  CCP1IF: CCP1 Interrupt Flag bit
Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare Mode

0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode
bit 1:  TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred
bit 0:  TMR1IF: TMR1 Overflow Interrupt Flag bit
1 =TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

bit7 bito |W = Writable bit

1 = A read or a write operation has taken place (must be cleared in software)

1 = The USART transmit buffer is empty (cleared by writing to TXREG)

1 = The transmission/reception is complete (must be cleared in software)

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

Note 1: PSPIF is reserved on the 28-pin devices, always maintain this bit clear.

U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
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3.5 PORTE and TRISE Register

This section is applicable to the 40/44-pin devices only.

PORTE has three pins REO/RD/AN5, RE1/WR/AN6
and RE2/CS/AN7, which are individually configurable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

I/l0 PORTE becomes control inputs for the micropro-
cessor port when bit PSPMODE (TRISE<4>) is set. In
this mode, the user must make sure that the
TRISE<2:0> bits are set (pins are configured as digital
inputs). Ensure ADCON1 is configured for digital I/O. In
this mode the input buffers are TTL.

Figure 3-12 shows the TRISE register, which also con-
trols the parallel slave port operation.

PORTE pins are multiplexed with analog inputs. When
selected as an analog input, these pins will read as '0's.

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs.

Note: On a Power-on Reset these pins are con-
figured as analog inputs.

FIGURE 3-12: TRISE REGISTER (ADDRESS 89h)

FIGURE 3-11: PORTE BLOCK DIAGRAM (IN
1/0 PORT MODE)

Data
oo T iX
WR
1/0 pin®M
PORT kL
Data Latch
— D Q
WR
TRIS Schmitt
CK Trigger %7
input
TRIS Latch buffer
RD TRIS
Q D
EN
RD PORT T

Note 1: 1/0 pins have protection diodes to VDD and Vss.

0 = No word has been received
bit 6: OBF: Output Buffer Full Status bit

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

0 = No overflow occurred

bit 4: PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel slave port mode
0 = General purpose /O mode

bit 3: Unimplemented: Read as '0'

PORTE Data Direction Bits

bit 2: Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output

bit 1: Bit1: Direction Control bit for pin RE1/WR/AN6
1 = Input
0 = Output

bit 0: Bit0: Direction Control bit for pin REO/RD/AN5
1 = Input
0 = Output

R-0 R-0 R/W-0 R/W-0 U-0 R/W-1 R/W-1 R/W-1
[ BF | oBF | 1BOv [PpspmoDE] — [ bitz | it bit R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7 : IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU

bit 5: IBOV: Input Buffer Overflow Detect bit (in microprocessor mode)
1 = A write occurred when a previously input word has not been read (must be cleared in software)

© 1999-2013 Microchip Technology Inc. Advance Information
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FIGURE 3-15: PARALLEL SLAVE PORT READ WAVEFORMS

Q1 | @2 | @3 | @4 Q1 | @2 | @3 | @4 . Q1 | Q2 | Q3 | Q4

8
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=
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PORTD<7:0> . ( . \ /

IBF

OBF ' =\

PSPIF \/

TABLE 3-11  REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Value on: Value on all

Address | Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR,
other resets

BOR
08h PORTD | Port data latch when written: Port pins when read XXXX XXXX | uuuu uuuu
osh PORTE | — | — — — — [ Re2 [ RET | REO [---- o] oo cum
89h TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction Bits | 0000 -111 | 0000 -111
0Ch PIR1 PSPIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PSPIE| ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
9Fh ADCONT1 | ADFM | VCFG2 | VCFG1 | VCFGO |PCFG3| PCFG2 | PCFG1 | PCFGO | 0000 0000 | 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Parallel Slave Port.
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4.0 TIMERO MODULE

The Timer0 module timer/counter has the following fea-
tures:

¢ 8-bit timer/counter

¢ Readable and writable

¢ Internal or external clock select

* Edge select for external clock

¢ 8-bit software programmable prescaler
¢ Interrupt on overflow from FFh to 00h

Figure 4-1 is a simplified block diagram of the Timer0
module.

Additional information on timer modules is available in
the PICmicro™ Mid-Range Reference Manual,
(DS33023).

41 Timer0 Operation

Timer0 can operate as a timer or as a counter.

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In counter mode, TimerO will
increment either on every rising or falling edge of pin
RA4/TOCKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in below.

When an external clock input is used for TimerO0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of TimerO after synchronization.

FIGURE 4-1: TIMERO BLOCK DIAGRAM

Additional information on external clock requirements
is available in the PICmicro™ Mid-Range Reference
Manual, (DS33023).

4.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 4-2). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available which is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. Thus, a
prescaler assignment for the Timer0 module means
that there is no prescaler for the Watchdog Timer, and
vice-versa.

The prescaler is not readable or writable.

The PSA and PS2:PSO bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable.

Setting bit PSA will assign the prescaler to the Watch-
dog Timer (WDT). When the prescaler is assigned to
the WDT, prescale values of 1:1, 1:2, ..., 1:128 are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g. CLRF 1, MOVWF 1,
BSF  1,x...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the WDT.

Note: Writing to TMRO when the prescaler is
assigned to TimerO will clear the prescaler
count, but will not change the prescaler
assignment.

Data bus
Fosc/4 0 PSout
Sync with
1 Internal
lock:
RA4/TOCKI Programmable coeks  ogout
pin Prescaler
TOSE (2 cycle delay)
3

Set interrupt
PS2, PS1, PSO PSA flag bit TOIF
ToCs on overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 4-2 for detailed block diagram).

© 1999-2013 Microchip Technology Inc.
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8.1.5  SLAVE MODE

In slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched the interrupt flag bit SSPIF (PIR1<3>)
is set.

While in slave mode the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in sleep mode, the slave can transmit/receive
data. When a byte is received the device will wake-up
from sleep.

8.1.6  SLAVE SELECT SYNCHRONIZATION

The SS pin allows a synchronous slave mode. The
SPI must be in slave mode with SS pin control
enabled (SSPCON<3:0> = 0100). The pin must not
be driven low for the SS pin to function as an input.
TRISA<5> must be set. When the SS pin is low,
transmission and reception are enabled and the
SDO pin is driven. When the SS pin goes high, the

SDO pin is no longer driven, even if in the middle of
a transmitted byte, and becomes a floating output.
External pull-up/ pull-down resistors may be desirable,
depending on the application.

Note: When the SPI module is in Slave Mode
with SS pin control enabled, (SSP-
CON<3:0> = 0100) the SPI module will
reset if the SS pin is set to VDD.

Note: If the SPI is used in Slave Mode with
CKE ='1', then SS pin control must be
enabled.

When the SPI module resets, the bit counttiis forced
to 0. This can be done by either forcing the SS pin to a
high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver the SDO pin can be configured as
an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

FIGURE 8-7: SLAVE SYNCHRONIZATION WAVEFORM

Write to ‘ X
SSPBUF ; i .

SDI

(SMP =0) bit7

Input 1 . .
Sample . . T . T
(SMP = 0) . .
SSPIF

*‘\

Interrupt
Flag

SSPSR to
SSPBUF

ext Q4 cycle
after Q24 f
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The SSPSTAT register gives the status of the data
transfer. This information includes detection of a
START (S) or STOP (P) bit, specifies if the received
byte was data or address if the next byte is the comple-
tion of 10-bit address, and if this will be a read or write
data transfer.

SSPBUF is the register to which the transfer data is
written to or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR is lost.

The SSPADD register holds the slave address. In 10-bit
mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

8.2.1 SLAVE MODE

In slave mode, the SCL and SDA pins must be config-
ured as inputs. The MSSP 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 MSSP
module not to give this ACK pulse. These are if 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.

If the BF bit is set, the SSPSR register value is not
loaded into the SSPBUF, but bit SSPIF and SSPOV are
set. Table 8-2 shows what happens when a data trans-
fer 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 reg-
ister while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low time for proper operation. The high and low times
of the I2C specification as well as the requirement of the
MSSP module is shown in timing parameter #100 and
parameter #101 of the Electrical Specifications.

8.2.1.1 ADDRESSING

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

a) The SSPSR register value is loaded into the
SSPBUF register on the falling edge of the 8th
SCL pulse.

b) The buffer full bit, BF is set on the falling edge of
the 8th SCL pulse.

¢) An ACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated if enabled) - on the falling
edge of the 9th SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write
so the slave device will receive the second address
byte. For a 10-bit address the first byte would equal
‘1111 0 A9 A8 0’, where A9 and A8 are the two MSbs
of the address. The sequence of events for a 10-bit
address is as follows, with steps 7- 9 for slave-transmit-
ter:

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

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

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

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

5. Update the SSPADD register with the first (high)
byte of Address. This will clear bit UA and
release the SCL line.

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

7. Receive Repeated Start condition.

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

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

Note: Following the Repeated Start condition
(step 7) in 10-bit mode, the user only
needs to match the first 7-bit address. The
user does not update the SSPADD for the
second half of the address.
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8.2.1.2 SLAVE RECEPTION

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

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set
or bit SSPOV (SSPCON<6>) is set.

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

Note: The SSPBUF will be loaded if the SSPOV
bit is set and the BF flag is cleared. If a
read of the SSPBUF was performed, but
the user did not clear the state of the
SSPOV bit before the next receive
occured. The ACK is not sent and the SSP-
BUF is updated.

TABLE 8-2 DATA TRANSFER RECEIVED BYTE ACTIONS
Status Bits as Data
Transfer is Received Set bit SSPIF
Generate ACK (SSP Interrupt occurs
BF SSPOV SSPSR — SSPBUF Pulse if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 Yes No Yes

Note 1: Shaded cells show the conditions where the user software did not properly clear the overflow condition.

8.2.1.3 SLAVE TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and the SCL pin is held low.
The transmit data must be loaded into the SSPBUF
register, which also loads the SSPSR register. Then the
SCL pin should be enabled by setting bit CKP (SSP-
CON<4>). The master must monitor the SCL pin prior
to asserting another clock pulse. The slave devices
may be holding off the master by stretching the clock.
The eight data bits are shifted out on the falling edge of
the SCL input. This ensures that the SDA signal is valid
during the SCL high time (Figure 8-13).

An SSP interrupt is generated for each data transfer
byte. The SSPIF flag bit must be cleared in software,
and the SSPSTAT register is used to determine the sta-
tus of the byte tranfer. The SSPIF flag bit is set on the
falling edge of the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then the
data transfer is complete. When the not ACK is latched
by the slave, the slave logic is reset and the slave then
monitors for another occurrence of the START bit. If the
SDA line was low (ACK), the transmit data must be
loaded into the SSPBUF register, which also loads the
SSPSR register. Then the SCL pin should be enabled
by setting the CKP bit.

FIGURE 8-12: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

B R/W=0
Receiving Address ACK

-
|
I

SCL LSJ

Receiving Data

SDA mmmmm . /B7XD6 DB D4XD3XD2XDIXD0)__/D7XD6XD5XDaYD3XD2XBTXDY & w
|

ACK Receiving Data ACK

Bus Master

I
I

SSPIF o
|

BF (SSPSTAT<0>) |—|T

terminates

SSPOV (SSPCON<6>)

t Cleared in software
SSPBUF register is read

|
|
]
|
| transfer
|
I
I
\

Bit SSPOV is set because the SSPBUF register is still full. —

ACK is not sent.
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FIGURE 8-27: MASTER RECEIVER FLOWCHART
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8.2.18 MULTI -MASTER COMMUNICATION, BUS
COLLISION, AND BUS ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a '1' on SDA by letting SDA float high and
another master asserts a'0'. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a '1' and the data sampled on the SDA pin ='0',
then a bus collision has taken place. The master will
set the Bus Collision Interrupt Flag, BCLIF and reset
the I2C port to its IDLE state. (Figure 8-34).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are de-asserted, and
the SSPBUF can be written to. When the user services
the bus collision interrupt service routine, and if the I°C
bus is free, the user can resume communication by
asserting a START condition.

If a START, Repeated Start, STOP, or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are de-asserted, and the respective control bits in
the SSPCON2 register are cleared. When the user
services the bus collision interrupt service routine, and
if the 12C bus is free, the user can resume communica-
tion by asserting a START condition.

The Master will continue to monitor the SDA and SCL
pins, and if a STOP condition occurs, the SSPIF bit will
be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when bus collision occurred.

In multi-master mode, the interrupt generation on the
detection of start and stop conditions allows the deter-
mination of when the bus is free. Control of the I°C bus
can be taken when the P bit is set in the SSPSTAT reg-
ister, or the bus is idle and the S and P bits are cleared.

FIGURE 8-34: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE

Data changes

SDA line pulled low
by another source

-

Sample SDA. While SCL is high
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SDA
SCL
BCLIF

Set bus collision
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FIGURE 8-36: BUS COLLISION DURING START CONDITION (SCL = 0)

SDA =0, SCL=1

SDA N

Set SEN, enable start N
ScL sequence if SDA=1,SCL=1 >

T— SCL = 0 before SDA =0,
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SCL = 0 before BRG time out, j
Bus collision occurs, Set BCLIF.

BCLIF \ -
Interrupts cleared
T_ in software.
S |01 |01
SSPIF 0 ‘o'

FIGURE 8-37: BRG RESET DUE TO SDA COLLISION DURING START CONDITION

SDA =0, SCL = 1
l SetS l Set SSPIF
v

Less than Tgag
BRG I F__Tl_‘TBRG I

SDA SDA pulled low by other mdster. 1
Reset BRG and assert SD44‘> l . !
1

L |
T |
I |
SCL : LS | \\—
| ; L SCL pulled low after BRG
| Timeout
SEN 1 |
L Set SEN, enable start
BCLIE 'O sequence if SDA =1, SCL =1
! }
| |
| |
s |
|
SSPIF |
SDA=0,SCL=1 L Interrupts cleared
Set SSPIF — in software.

DS30275B-page 92 Advance Information © 1999-2013 Microchip Technology Inc.



PIC16C77X

12.2.3 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (REXT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. These factors and the variation due to tol-
erances of external R and C components used need to
be taken into account for each application. Figure 12-4
shows how the R/C combination is connected to the
PIC16C77X.

FIGURE 12-4: RC OSCILLATOR MODE

VDD

Rext
0sCH | Internal

L A clock
Cext TJ'— PIC16C77X
Vss = =

-%+— OSC2/CLKOUT
Fosc/4

DS30275B-page 130 Advance Information

© 1999-2013 Microchip Technology Inc.



PIC16C77X

12.10 Interrupts

The PIC16C77X family has up to 14 sources of inter-
rupt. The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has indi-
vidual and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding

mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

FIGURE 12-11: INTERRUPT LOGIC

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two cycle instructions. Individual
interrupt flag bits are set regardless of the status of
their corresponding mask bit or the GIE bit

LVDIF
LVDIE
PSPIF
PSPIE
ADIFE D TolF Wake-up (If in SLEEP mode)
ADIE TOIE
RCIF INTF
RCIE :j ) :j )
c INTE Interrupt to CPU
TXIF RBIF
TXIE RBIE
SSPIF
SSPIE D
N PEIE
CCP1IF
CCP1IE GIE
TMR2IF;1 )
TMR2IE:
TMR1IF
TMR1IE
CCP2IF
CCP2IE
BCLIF
BCLIE

The following table shows which devices have which interrupts.

Device | TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | LVDIF | BCLIF | CCP2IF
PIC16C773 | Yes | Yes | Yes - Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C774 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
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12.12 Watchdog Timer (WDT)

The Watchdog Timer is as a free running on-chip RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT
will run, even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins of the device has been stopped,
for example, by execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the STATUS register
will be cleared upon a Watchdog Timer time-out.

FIGURE 12-12: WATCHDOG TIMER BLOCK DIAGRAM

The WDT can be permanently disabled by clearing
configuration bit WDTE (Section 12.1).

WDT time-out period values may be found in the Elec-
trical Specifications section under parameter #31. Val-
ues for the WDT prescaler may be assigned using the
OPTION_REG register.

The CLRWDT and SLEEP instructions clear
the WDT and the postscaler, if assigned to
the WDT, and prevent it from timing out and
generating a device RESET condition.

Note:

When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but the
prescaler assignment is not changed.

Note:

(Figure 4-2)
[ o
™
WDT Timer U
X
WtT PSA
Enable Bit

From TMRO Clock Source

> Postscaler

8

Y

8-to-1MUX

e——m» To TMRO (Section 4-2)

--— PS2:PSO

of ¥

MUX -«— PSA
. . de ’ WDT
Note: PSA and PS2:PS0 are bits in the OPTION_REG register. Time-out
FIGURE 12-13: SUMMARY OF WATCHDOG TIMER REGISTERS
Address |Name Bit7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) BODEN( CP1 CPO PWRTE(M" | WDTE | FOSCH1 FOSCO
81h,181h |OPTION_REG | RBPU INTEDG TOCS | TOSE PSA PS2 PS1 PS0O

Legend: Shaded cells are not used by the Watchdog

Timer.

Note 1: See Figure 12-1 for the full description of the configuration word bits.
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14.0 DEVELOPMENT SUPPORT

141 Development Tools

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
* MPLAB™ -ICE Real-Time In-Circuit Emulator

¢ |ICEPIC™ Low-Cost PIC16C5X and PIC16CXXX
In-Circuit Emulator

* PRO MATE® Il Universal Programmer

o PICSTART® Plus Entry-Level Prototype
Programmer

* SIMICE

¢ PICDEM-1 Low-Cost Demonstration Board
¢ PICDEM-2 Low-Cost Demonstration Board
¢ PICDEM-3 Low-Cost Demonstration Board
¢ MPASM Assembler

¢ MPLAB™ SIM Software Simulator

¢ MPLAB-C17 (C Compiler)

¢ Fuzzy Logic Development System
(fuzzyTECH®-MP)

* KeeLoa® Evaluation Kits and Programmer

14.2 MPLAB-ICE: High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB-ICE Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for
PICmicro microcontrollers (MCUs). MPLAB-ICE is sup-
plied with the MPLAB Integrated Development Environ-
ment (IDE), which allows editing, “make” and
download, and source debugging from a single envi-
ronment.

Interchangeable processor modules allow the system
to be easily reconfigured for emulation of different pro-
cessors. The universal architecture of the MPLAB-ICE
allows expansion to support all new Microchip micro-
controllers.

The MPLAB-ICE Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-
opment tools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows® 3.x or
Windows 95 environment were chosen to best make
these features available to you, the end user.

MPLAB-ICE is available in two versions.
MPLAB-ICE 1000 is a basic, low-cost emulator system
with simple trace capabilities. It shares processor mod-
ules with the MPLAB-ICE 2000. This is a full-featured
emulator system with enhanced trace, trigger, and data
monitoring features. Both systems will operate across
the entire operating speed reange of the PICmicro
MCU.

14.3 ICEPIC: Low-Cost PICmicro
In-Circuit Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC12CXXX, PIC16C5X and PIC16CXXX
families of 8-bit OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 386 through Pentium™ based
machines under Windows 3.x, Windows 95, or Win-
dows NT environment. ICEPIC features real time, non-
intrusive emulation.

14.4 PRO MATE lI: Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. PRO MATE Il is CE
compliant.

The PRO MATE Il has programmable VDD and VPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE Il can read, verify or pro-
gram PIC12CXXX, PIC14C000, PIC16C5X,
PIC16CXXX and PIC17CXX devices. It can also set
configuration and code-protect bits in this mode.

14.5 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient. PICSTART Plus is not
recommended for production programming.

PICSTART Plus supports all PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
PIC16C923, PIC16C924 and PIC17C756 may be sup-
ported with an adapter socket. PICSTART Plus is CE
compliant.
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FIGURE 15-9: A/D CONVERSION TIMING (NORMAL MODE)

BSF ADCONO, GO X

134 —» -

131

1/2 Tey f——

|1

A/D DATA

I

SLEEP instruction to be executed.

. C /
ADRES ‘ OLD_DATA 7¢ X EW_ DA

' D) N

ADIF : S S /7‘ \
‘ L [ [

GO ) X \
' SAMPLING S
SAMPLE ~— 132 | JORK
Note 1:  If the A/D clock source is selected as RC, a tim Tcy is added the A/Dglock starts. This allows the

TABLE 15-10 A/D CONVERS?N\EQN ﬁFME TS

Parameter | Sym | Characteri \{9\‘ Max Units Conditions
No.
130* TaD | AXD cleck perio N\/ — — pus | Tosc based, VREF > 2.5V
3.0 — — pus | Tosc based, VREeF full range
130* TAD MNA/D Intgrnal ADCS1:ADCSO0 = 11 (RC mode)
{lator\period 3.0 6.0 9.0 us At Vpp = 2.5V
2.0 4.0 6.0 us At Vbp = 5.0V
131* CN Conversion time (not — 13TAD — TAD | Set GO bit to new data in A/D result
including register
acquisition time)
(Note 1)
132* TacQ | Acquisition Time Note 2 115 — us
5* — — pus | The minimum time is the amplifier
settling time. This may be used if
the “new” input voltage has not
changed by more than 1LSb (i.e
1mV @ 4.096V) from the last sam-
pled voltage (as stated on CHOLD).
134* Tco | Q4 to A/D clock start — Tosc/2 — — | If the A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

*

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.

Note 1: ADRES register may be read on the following TcY cycle.
2: See Section 11.6 for minimum conditions.
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16.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VbD
range). This is for information only and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period
of time and matrix samples. 'Typical' represents the mean of the distribution at 25°C. 'Max' or 'min' represents
(mean + 3c) or (mean - 3c) respectively, where c is standard deviation, over the whole temperature range.

Graphs and Tables not available at this time.
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