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PIC16F/7X

2222 OPTION_REG Register Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG register is a readable and writable the TMRO register, assign the prescaler to
register, which contains various control bits to configure the Watchdog Timer.

the TMRO prescaler/WDT postscaler (single assign-
able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RW1 RW1 RW1 RW1 RWI1 RW-I
RBPU | INTEDG | Tocs | TOoSE | PsA | Ps2 PS1 PSO
bit 7 bit 0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR reset  'l’=Bitis set '0’ = Bit is cleared X = Bit is unknown
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NOTES:
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TABLE 4-1: PORTA FUNCTIONS
Name Bit# Buffer Function
RAO/ANO bit0 TTL | Input/output or analog input.
RA1/AN1 bitl TTL | Input/output or analog input.
RA2/AN2 bit2 TTL | Input/output or analog input.
RA3/AN3/VREF bit3 TTL |Input/output or analog input or VREF.
RA4/TOCKI bit4 ST Input/output or external clock input for TimerO. Output is open drain type.
RA5/SS/AN4 bit5 TTL |Input/output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: | Value on all
Address | Name Bit7 | Bit6| Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 | --11 1111
9Fh ADCON1| — — — ] — ] — ] PCFG2 ]PCFGl] PCFGO | ---- -000| ---- -000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.

Note:

101,

11x.

When using the SSP module in SPI Slave mode and Ss enabled, the A/D converter must be set to one of
the following modes where PCFG2:PCFGO = 100,
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6.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 Register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 Interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit TMR1IE (PIE1<0>).

Timerl can operate in one of two modes:

¢ As atimer
* As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timerl also has an internal “RESET input’. This
RESET can be generated by either of the two CCP
modules as the special event trigger (see Sections 8.1
and 8.2). Register 6-1 shows the Timerl Control
register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10OSI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored and these pins read as ‘0'.

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

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
‘ — ‘ — ‘TlCKPSl T1CKPSO ‘ T10SCEN ‘ T1SYNC ‘ TMR1CS | TMR1ON
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 T1OSCEN: Timerl Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

TMRI1CS = 1.

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRI1CS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMRI1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Legend:
R = Readable bit

W = Writable bit
- n = Value at POR reset "1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

© 2002 Microchip Technology Inc.
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8.4.1 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 PORTC
I/O data latch.

8.4.2 TIMER1 MODE SELECTION

Timerl 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.

8.4.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1 pinis not affected. The CCP1IF or CCP2IF bit is
set, causing a CCP interrupt (if enabled).

8.4.4 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
TMRL1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special event trigger output of CCP2 resets the
TMRL1 register pair and starts an A/D conversion (if the
A/D module is enabled).

Note:  The special event trigger from the CCP1
and CCP2 modules will not set interrupt

flag bit TMR1IF (PIR1<0>).

TABLE 8-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1

Value on: | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR RESETS

0Bh,8Bh, [INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF (0000 000x|0000 000u
10Bh,18Bh
och PIR1 PSPIFD| ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMRLIF {0000 0000|0000 0000
oDh PIR2 — — — — — — — | CCP2IF|---- --- 0|---- --- 0
8Ch PIE1 psPIE® | ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |0000 0000(0000 0000
8Dh PIE2 — — — — — — — CCP2IE |---- --- 0f---- --- 0
87h TRISC PORTC Data Direction Register 1111 11111111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
10h T1CON — ‘ — ‘TlCKPSl‘TlCKPSO‘TlOSCEN‘M‘TMRlcs‘TMRloN --00 0000(--uu uuuu
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX|uuuu uuuu
17h CCP1CON — ‘ — ‘ CCP1X ‘ CCP1Y ‘ CCP1M3 ‘CCPlMZ ‘ CCP1M1 ‘CCPlMO --00 0000|--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX|uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX|uuuu uuuu
1Dh CCP2CON — ‘ — ‘ CCP2X ‘ CCP2Y ‘ CCP2M3 ‘CCPZMZ ‘ CCP2M1 ‘CCPZMO --00 0000|--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by Capture and Timer1l.

Note 1: The PSP is notimplemented on the PIC16F73/76; always maintain these bits clear.
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REGISTER 9-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP ’ CKE ’ D/A P ’ S ‘ R/W ‘ UA ‘ BF ‘
bit 7 bit 0
bit 7 SMP: SPI Data Input Sample Phase bit

SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time (Microwire®)
SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode
I2C mode:
This bit must be maintained clear
bit 6 CKE: SPI Clock Edge Select bit (Figure 9-2, Figure 9-3, and Figure 9-4)
SPI mode, CKP = 0:
1 = Data transmitted on rising edge of SCK (Microwire® alternate)
0 = Data transmitted on falling edge of SCK
SPI mode, CKP = 1:
1 = Data transmitted on falling edge of SCK (Microwire® default)
0 = Data transmitted on rising edge of SCK
I2C mode:
This bit must be maintained clear
bit 5 D/A: Data/Address bit (12C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: STOP bit (I°C mode only)
This bit is cleared when the SSP module is disabled, or when the START bit is detected last.
SSPEN is cleared.
1 = Indicates that a STOP bit has been detected last (this bit is ‘0’ on RESET)
0 = STOP bit was not detected last
bit 3 S: START bit (12C mode only)
This bit is cleared when the SSP module is disabled, or when the STOP bit is detected last.
SSPEN is cleared.
1 = Indicates that a START bit has been detected last (this bit is '0’ on RESET)
0 = START bit was not detected last
bit 2 R/W: Read/Write bit Information (I2C mode only)
This bit holds the R/W bit information following the last address match. This bit is only valid from
the address match to the next START bit, STOP bit, or ACK bit.
1 =Read
0 = Write
bit 1 UA: Update Address bit (10-bit 12C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit
Receive (SPI and I2C modes):
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty
Transmit (1°C mode only):
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bit is set '0’ = Bitis cleared X = Bit is unknown
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REGISTER 9-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
‘ WCOL ’ SSPOV ’ SSPEN CKP ‘ SSPM3 ‘ SSPM2 ’ SSPM1 ‘ SSPMO ‘
bit 7 bit 0
bit 7 WCOL: Write Collision Detect bit

1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6 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. 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.

0 = No overflow

In 1°C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV
is a “don’t care” in Transmit mode. SSPOV must be cleared in software in either mode.
0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit
In SPI mode:
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/O port pins
In 1°C mode:

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

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

bit 4 CKP: Clock Polarity Select bit
In SPI mode:
1 = IDLE state for clock is a high level (Microwire® default)
0 = IDLE state for clock is a low level (Microwire® alternate)
In 12C mode:
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch). (Used to ensure data setup time.)

bit 3-0 SSPM3:SSPMO: 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 = I12C Slave mode, 7-bit address

0111 = I2C Slave mode, 10-bit address

1011 = I2C Firmware Controlled Master mode (slave IDLE)

1110 = IC Slave mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Slave mode, 10-bit address with START and STOP bit interrupts enabled

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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9.3  SSP I°C Operation

The SSP module in I°C mode, fully implements all slave
functions, except general call support, and provides
interrupts on START and STOP bits in hardware to facil-
itate firmware implementations of the master functions.
The SSP module implements the standard mode speci-
fications as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the RC3/
SCKI/SCL pin, which is the clock (SCL), and the RC4/
SDI/SDA pin, which is the data (SDA). The user must
configure these pins as inputs or outputs through the
TRISC<4:3> bits.

The SSP module functions are enabled by setting SSP
enable bit SSPEN (SSPCON<5>).

FIGURE 9-5: SSP BLOCK DIAGRAM
(1°C MODE)
< Internal
Data Bus
Read Write
v
RC3/SCK/SCL SSPBUF reg ‘

|
7o Z§ |

E Q—‘ SSPSR reg
MSb LSb

RC4/

SDI/ ._{>
SDA

‘ Match Detect }—» Addr Match

i

‘ SSPADD reg ‘

START and Set, RESET

STOP bit Detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 12C operation.
These are the:

* SSP Control Register (SSPCON)

e SSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

« SSP Shift Register (SSPSR) - Not directly accessible
* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following I2C modes to be selected:

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled to support Firmware
Master mode

+ 12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled to support Firmware
Master mode

« 12C START and STOP bit interrupts enabled to
support Firmware Master mode, Slave is IDLE

Selection of any 12C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. Pull-up resistors must be
provided externally to the SCL and SDA pins for proper
operation of the IC module.

Additional information on SSP 12C operation can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023A).

9.31 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. They include (either
or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 9-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister, while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
1’c specification, as well as the requirements of the
SSP module, are shown in timing parameter #100 and
parameter #101.

© 2002 Microchip Technology Inc.
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9.3.11 Addressing

Once the SSP module has been enabled, it waits for a
START condition to occur. Following the START condi-
tion, 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.

b) The buffer full bit, BF is set.

¢) AnACK pulse is generated.

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

In 10-bit Address mode, two address bytes need to be
received by the slave (Figure 9-7). The five Most Sig-
nificant bits (MSbs) of the first address byte specify if
this is a 10-bit address. Bit R/IW (SSPSTAT<2>) must
specify a write so the slave device will receive the sec-
ond 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 10-bit address is as fol-

lows, with steps 7 - 9 for slave-transmitter:

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, if match releases SCL line, this
will clear bit UA.

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.

TABLE 9-2: DATA TRANSFER RECEIVED BYTE ACTIONS
Status Bits as Data —_— Set bit SSPIF
Transfer is Received SSPSR — SSPBUF GemlaDr:lt:eACK (SSP Interrupt occurs
BE SSPOV if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

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

9.3.1.2 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
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON<6>) is set. This is an error
condition due to the user’s firmware.

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 byte.
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FIGURE 9-6:

I2C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)
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[—|<—SSPBUF register is read

transfer

L
|
|
|
| terminates
|
|
|
|

SSPOV (SSPCON<6>) T
Bit SSPOV is set because the SSPBUF register is still full. A
ACK is not sent.
9.3.1.3 Transmission An SSP interrupt is generated for each data transfer

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 pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the
SSPBUF register, which also loads the SSPSR regis-
ter. Then, pin RC3/SCK/SCL should be enabled by set-
ting bit CKP (SSPCON<4>). The master must monitor
the SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing 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 9-7).

FIGURE 9-7:

byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF 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 ACK is latched
by the slave, the slave logic is reset (resets SSPSTAT
register) and the slave then monitors for another occur-
rence of the START bit. If the SDA line was low (ACK),
the transmit data must be loaded into the SSPBUF reg-
ister, which also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP.

I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

Receiving Address RIW = 1

ACK - -~

Transmitting Data

SCL

 sampled

BF (SSPSTAT<0>)

. Data in ; SCL held Iow
responds to SSPIF

SSPIF (PIR1<3>) [ /]

Cleared in software

( .

CKP (SSPCON<4>)

I

}From SSP Interrupt
SSPBUF is written in software | Service Routme

Q Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)
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10.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 10-4.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate, or at Fosc.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the STOP bit, the received
data in the RSR is transferred to the RCREG register (if
it is empty). If the transfer is complete, flag bit RCIF
(PIR1<5>) is set. The actual interrupt can be enabled/
disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a
double buffered register (i.e., it is a two deep FIFO). It

is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte to
begin shifting to the RSR register. On the detection of
the STOP bit of the third byte, if the RCREG register is
still full, the overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG reg-
ister can be read twice to retrieve the two bytes in the
FIFO. Overrun bit OERR has to be cleared in software.
This is done by resetting the receive logic (CREN is
cleared and then set). If bit OERR is set, transfers from
the RSR register to the RCREG register are inhibited
and no further data will be received, therefore, it is
essential to clear error bit OERR if it is set. Framing
error bit FERR (RCSTA<2>) is set if a STOP bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore, it is essential for the user to read the
RCSTA register before reading RCREG register, in
order not to lose the old FERR and RX9D information.

FIGURE 10-4: USART RECEIVE BLOCK DIAGRAM
, .. X64BaudRate CLK ‘ OERR ‘ FERR
; ! CREN
Fosc —» SPBRG —‘: ______ T __________ T _______
! ! 64 RSR Register LSb
" "Baud Rate Generator o 7| eee |1]0[START| .
RC7/RX/DT l
Pin Buffer Data
— ] and Control Recovery

SPEN

Interrupt j RCIF
RCIE

RX9D RCREG Register
FIFO

8

mBus
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TABLE 10-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, [INTCON | GIE PEIE |TMROIE| INTE | RBIE |TMROIF| INTF | RBIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PsPIF® | 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
19h TXREG |USART Transmit 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 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0". Shaded cells are not used for synchronous slave transmission.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices; always maintain these bits clear.

10.4.2 USART SYNCHRONOUS SLAVE

RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode. Bit SREN is a “don't care” in Slave mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, 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).

Follow these steps when setting up a Synchronous

Slave Reception:

1. Enable the synchronous master serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

If interrupts are desired, set enable bit RCIE.

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

To enable reception, set enable bit CREN.

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.

If any error occurred, clear the error by clearing

bit CREN.

9. If using interrupts, ensure that GIE and PEIE in
the INTCON register are set.

o krwbd

TABLE 10-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, |[INTCON | GIE | PEIE | TMROIE | INTE | RBIE | TMROIF | INTF RBIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PsSPIF® | 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 | TMRL1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for synchronous slave reception.

Note 1:

Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices, always maintain these bits clear.
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12.0 SPECIAL FEATURES OF THE
CPU

These devices have a host of features intended to max-
imize system reliability, minimize cost through elimina-
tion of external components, provide power saving
operating modes and offer code protection. These are:

» Oscillator Selection
¢ RESET
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
 Interrupts
* Watchdog Timer (WDT)
e SLEEP
« Code Protection
* ID Locations
* In-Circuit Serial Programming
These devices have a Watchdog Timer, which can be

enabled or disabled, using a configuration bit. It runs off
its own RC oscillator for added reliability.

There are two timers that offer necessary delays on
power-up. One is the Oscillator Start-up Timer (OST),
intended to keep the chip in RESET until the crystal
oscillator is stable. The other is the Power-up Timer
(PWRT), which provides a fixed delay of 72 ms (nomi-
nal) on power-up only. It is designed to keep the part in
RESET while the power supply stabilizes, and is
enabled or disabled, using a configuration bit. With
these two timers on-chip, most applications need no
external RESET circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external RESET, Watchdog Timer Wake-up, or
through an interrupt.

Several oscillator options are also made available to
allow the part to fit the application. The RC oscillator
option saves system cost while the LP crystal option
saves power. Configuration bits are used to select the
desired oscillator mode.

Additional information on special features is available
in the PICmicro™ Mid-Range Reference Manual
(DS33023).

12.1 Configuration Bits

The configuration bits can be programmed (read as '0’),
or left unprogrammed (read as 'l), to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space, which can be accessed
only during programming.
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12.3 RESET

The PIC16F7X differentiates between various kinds of
RESET:

* Power-on Reset (POR)

« MCLR Reset during normal operation

« MCLR Reset during SLEEP

* WDT Reset (during normal operation)

 WDT Wake-up (during SLEEP)

* Brown-out Reset (BOR)

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

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

FIGURE 12-4: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
RESET
7
MCLR
SLEEP
WDT WDT
Module | Time-out
Reset
N VDD Rise
Detect
VDD Power-on Reset
Brown-out
BODEN
OST/PWRT
OST
o Chip_Reset
10-bit Ripple Counter }@ R 0
OSC1
@ pwrT
On-chip .
RC OSC ~I> 10-bit Ripple Counter }—
Enable PWRT
Enable OST

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

ADDLW Add Literal and W

Syntax: [label ] ADDLW  k

Operands: 0<k<255

Operation: (W) +k - (W)

Status Affected: C, DC, Z

Description: The contents of the W register
are added to the eight-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label ] ADDWF fd

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

Operation: (W) + (f) — (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register f. If 'd’ is 0, the result
is stored in the W register. If 'd’ is
1, the result is stored back in
register 'f'.

ANDLW AND Literal with W

Syntax: [label] ANDLW Kk

Operands: 0<k<255

Operation: (W) .AND. (k) = (W)

Status Affected: Z

Description: The contents of W register are
AND’ed with the eight-bit literal
'k'. The result is placed in the W
register.

ANDWF AND W with f

Syntax: [label] ANDWF fd

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

Operation: (W) .AND. (f) — (destination)

Status Affected: Z

Description: AND the W register with register

'f'. If 'd" is O, the result is stored in
the W register. If 'd" is 1, the result
is stored back in register 'f'.

BCF Bit Clear f

Syntax: [label ] BCF fb

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

Operation: 0 — (f<b>)

Status Affected:  None

Description: Bit 'b" in register 'f' is cleared.

BSF Bit Set f

Syntax: [label ] BSF f,b

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

Operation: 1 — (f<b>)

Status Affected:  None

Description: Bit 'b" in register 'f' is set.

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
executed 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.
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RLF Rotate Left f through Carry SLEEP
Syntax: [label] RLF f,d Syntax: [label ] SLEEP
Operands: 0<f<127 Operands: None
de [01] Operation: 00h — WDT,
Operation: See description below 0 — WDT prescaler,
Status Affected: C 1-T0,
o ) 0—-PD
Description: The contents of register 'f' are rotated ) S —
one bit to the left through the Carry Status Affected:  TO, PD L
Flag. If 'd"is 0, the result is placed in Description: The power-down status bit, PD is
the W register. If 'd’ is 1, the result is cleared. Time-out status bit, TO
stored back in register f. is set. Watchdog Timer and its
prescaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
RETURN Return from Subroutine SUBLW Subtract W from Literal
Syntax: [label] RETURN Syntax: [label] SUBLW k
Operands: None Operands: 0<k<255
Operation: TOS —» PC Operation: k- (W)—> (W)
Status Affected:  None Status Affected: C, DC, Z
Description: Return from subroutine. The stack Description: The W register is subtracted (2’'s
is POPed and the top of the stack complement method) from the
(TOS) is loaded into the program eight-bit literal 'k'. The result is
counter. This is a two-cycle placed in the W register.
instruction.
RRF Rotate Right f through Carry SUBWF Subtract W from f
Syntax: [label] RRF fd Syntax: [label] SUBWF fd
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: See description below Operation: (f) - (W) — (destination)
Status Affected: C Status Affected: C, DC, Z
Description: The contents of register 'f’ are Description: Subtract (2's complement method)

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

W register from register 'f'. If 'd" is O,
the result is stored in the W
register. If 'd' is 1, the result is
stored back in register 'f'.
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DEVELOPMENT TOOLS FROM MICROCHIP

TABLE 14-1:

"S9DINP 109]3S UO B|ge|ieAe sI |00} Juaudojanaq |
‘arep Alljige|rene o} -ouj ABojouydal diydoolA 19BIU0D sy
1192 ‘YL ‘€L ‘2L ‘99 ‘P9 ‘€9 ‘29D9TDId Uim (TO0Y9TAQ) Jebbngaq 1nouD-ul adl g8V 1dIN 841 8SN 01 MOY UO UOIeWIOUI 10} WOD"dIYI0IdIWL MMM Je 3lis gam "ou| ABojouyoal diydouolN 8yl 10.IU0D «

A

1Y sadoj@Asa NV 0TSZdON

1M s.Jadojanaq ,,Qlo1o1w
uolsl||odNnuUY ZHN 9S°ET

11y s.Jadojprag
w1d10J01W UoIsI||0dNUY ZHX GZT

11y s.Jadojarag
w1@l0JJIW ZHA 62T

Uy sJawweiBbolid ,,@losoiw

1M Jepuodsuel] ;00733N

WM uopren[eAT ;20 133N

preog
uolnelisuowsq LT wiN3ADId

pleog
uonesisuowaq vvT w, N3ADId

pleog
uonessuowsaq € . N3IADId

%

%

preog
uolrelnjsuowsq ¢ w,N3A2Id

preog
uolresysuowsd T . N3ADId

xx

Jowwelbold 921A8Q [eSIBAIUN
Il @3LVIN Odd

xx

Jawwelbold uswdojanag
19A87 A1u3 snid 1 ¥V1SOld

7

*/

1966ngaq
1N2JID-Ul Al e9aV1dIN

Jore|nwg HNJID-Ul W, O1d32I

xx/

Jore[nw3 1NJJID-Ul 301 9V 1dN

18U 193[d0 W MNITdIN
/18|qWBSSY W NSVAIN

1911dwod 2 8T edV1dIN

19)1dwod D LT ¢dV1dIN

<
(e}
0
N
a
=
S}

XXXJH4OW

XXXSOH

XXX48T1Old

¢XX08T2ld

XXLO.L1Old

Xv2.101d

XX62912Id

XX8491JlId

X8291Jld

XXLO91Jld

X.0912Id

X¢94912Id

XXX0912lId

X90912lId

XS0912Id

000¥1OId

XXXO¢12ld

juswuoliaug quEQc_w>wD
palelbalu] oGV I1dIN

S|00] 2/eM}0S 1966ngag S1 [eA3 pue spleog owaq

DS30325B-page 117

© 2002 Microchip Technology Inc.



PIC16F/7X

15.1 DC Characteristics: PIC16F73/74/76/77 (Industrial, Extended)
PIC16LF73/74/76/77 (Industrial) (Continued)
PIC16LF73/74/76/77 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial
PIC16E73/74/76/77 Standgrd Operating COﬂdIotIOFIS (unlessoother\{wse st_ated)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
' -40°C < TA < +125°C for extended
Pell\rlgm Sym Characteristic Min | Typt | Max | Units Conditions
IDD Supply Current (Notes 2, 5)
D010 PIC16LF7X| — 0.4 | 2.0 | mA |XT, RC osc configuration
Fosc =4 MHz, VDD = 3.0V (Note 4)
DO10A — 20 | 48 | pA |LP osc configuration
Fosc = 32 kHz, Vpbb = 3.0V, WDT disabled
D010 PIC16F7X - 0.9 4 mA | XT, RC osc configuration
Fosc =4 MHz, VDD = 5.5V (Note 4)
D013 — 5.2 | 15 | mA |HS osc configuration
Fosc = 20 MHz, VbD = 5.5V
D015* |AIBOR |Brown-out — 25 | 200 | pA |BOR enabled, VDD = 5.0V
Reset Current (Note 6)
D020 |IPD Power-down Current (Notes 3, 5)
PIC16LF7X| — 2.0 | 30 | pA |VDD =3.0V, WDT enabled, -40°C to +85°C
D021 — 0.1 5 LA |VDD = 3.0V, WDT disabled, -40°C to +85°C
D020 PIC16F7X| — 5.0 | 42 | uA |VDD =4.0V, WDT enabled, -40°C to +85°C
D021 — 0.1 | 19 | uA |VDD =4.0V, WDT disabled, -40°C to +85°C
D021A — | 105 | 57 | pA |VDD=4.0V, WDT enabled, -40°C to +125°C
— 15 | 42 | pA |VDD=4.0V, WDT disabled, -40°C to +125°C
D023* |AIBOR |Brown-out — 25 | 200 | pA |BOR enabled, VbD = 5.0V
Reset Current (Note 6)
Legend: Shading of rows is to assist in readability of of the table.

* These parameters are characterized but not tested.

t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: 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 tri-stated, pulled to VbD
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 and Vss.

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

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

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

7: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.

DS30325B-page 122 © 2002 Microchip Technology Inc.




PIC16F/7X

FIGURE 15-4: EXTERNAL CLOCK TIMING
: Q4 i Q1

Q2

0OSC1

CLKOUT

TABLE 15-1: EXTERNAL CLOCK TIMING REQUIREMENTS

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

T Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions, with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at "min." values with an
external clock applied to the OSC1/CLKIN pin. When an external clock input is used, the "max." cycle time
limit is "DC" (no clock) for all devices.
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NOTES:
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