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PIC16F/7X

TABLE 1-2: PIC16F73 AND PIC16F76 PINOUT DESCRIPTION
DIP
Pin Name SSOP MLF I/0/P Buffer Description
SOIC Pin# Type Type P
Pin#
OSC1/CLKI 9 6 ST/IcMOS®) | Oscillator crystal or external clock input.
0osc1 | Oscillator crystal input or external clock source input. ST
buffer when configured in RC mode. Otherwise CMOS.
CLKI | External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
OSC2/CLKO 10 7 — Oscillator crystal or clock output.
0SsC2 (@) Oscillator crystal output.
Connects to crystal or resonator in Crystal Oscillator
mode.
CLKO (@) In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLR/VpPpP 1 26 ST Master Clear (input) or programming voltage (output).
MCLR | Master Clear (Reset) input. This pin is an active low
RESET to the device.
VPP P Programming voltage input.
PORTA is a bi-directional I/O port.
RAO/ANO 2 27 TTL
RAO I/10 Digital I/0.
ANO | Analog input 0.
RA1/AN1 3 28 TTL
RA1 I/0 Digital I/0.
AN1 | Analog input 1.
RA2/AN2 4 1 TTL
RA2 I/0 Digital I/0.
AN2 | Analog input 2.
RA3/AN3/VREF 5 2 TTL
RA3 I/0 Digital 1/0.
AN3 | Analog input 3.
VREF | A/D reference voltage input.
RA4/TOCKI 6 4 ST
RA4 I/10 Digital I/0O — Open drain when configured as output.
TOCKI | Timer0 external clock input.
RAS/SSIAN4 7 5 TTL
RAS5 I} Digital 1/0.
SS | SPI slave select input.
AN4 | Analog input 4.
Legend: | = input O = output 1/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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PIC16F/7X

2221 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

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

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

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

Note 1. The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF
instructions for examples.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RPL | RPO To | pb | z | bC C
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 =Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1 (0O0h - FFh)

bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4 %: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction

0 = A WDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

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

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

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

W = Writable bit
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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3.0 READING PROGRAM MEMORY

The FLASH Program Memory is readable during nor-
mal operation over the entire VDD range. It is indirectly
addressed through Special Function Registers (SFR).
Up to 14-bit numbers can be stored in memory for use
as calibration parameters, serial numbers, packed 7-bit
ASCII, etc. Executing a program memory location con-
taining data that forms an invalid instruction results in a
NOP.

There are five SFRs used to read the program and
memory. These registers are:

+ PMCON1

* PMDATA

* PMDATH

* PMADR

* PMADRH

The program memory allows word reads. Program

memory access allows for checksum calculation and
reading calibration tables.

When interfacing to the program memory block, the
PMDATH:PMDATA registers form a two-byte word,
which holds the 14-bit data for reads. The
PMADRH:PMADR registers form a two-byte word,
which holds the 13-bit address of the FLASH location
being accessed. These devices can have up to 8K
words of program FLASH, with an address range from
Oh to 3FFFh. The unused upper bits in both the
PMDATH and PMADRH registers are not implemented
and read as “0's”.

3.1 PMADR

The address registers can address up to a maximum of
8K words of program FLASH.

When selecting a program address value, the MSByte
of the address is written to the PMADRH register and
the LSByte is written to the PMADR register. The upper
MSbits of PMADRH must always be clear.

3.2 PMCONL1 Register

PMCONL is the control register for memory accesses.

The control bit RD initiates read operations. This bit
cannot be cleared, only set, in software. It is cleared in
hardware at the completion of the read operation.

REGISTER 3-1: PMCON1 REGISTER (ADDRESS 18Ch)
R-1 U-0 U-0 u-0 U-x U-0 U-0 R/S-0
reserved — ‘ — — ‘ — — — RD
bit 7 bit 0
bit 7 Reserved: Read as ‘1’
bit 6-1 Unimplemented: Read as 'O’
bit 0 RD: Read Control bit

1 =Initiates a FLASH read, RD is cleared in hardware. The RD bit can only be set (not cleared)

in software.
0 = FLASH read completed

Legend:
R = Readable bit

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

U = Unimplemented bit, read as ‘0’

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

© 2002 Microchip Technology Inc.
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4.0 I/OPORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose 1/O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).

4.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= ‘1") will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISA bit (= ‘0") will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0O module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCONL1 register (A/D Control Registerl).

Note:  On a Power-on Reset, these pins are con-

figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set, when using them as analog inputs.

EXAMPLE 4-1: INITIALIZING PORTA
BCF STATUS, RPO ;
BCF STATUS, RP1 ; BankO
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW  0x06 ; Configure all pins
MOVWF  ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as '0’.

WR TRIS

D Q
ckL Q

TRIS Latch

RD TRIS

Vss
Analog

EN

Tli |
RD PORT It {>0

FIGURE 4-1: BLOCK DIAGRAM OF
RA3:RAO0 AND RA5 PINS
Data Bus D Q
VDD
WR Port CK_‘—Q & S
Data Latch

1/0 pin®

TTL
Input
Buffer

__ To A/D Converter

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

FIGURE 4-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Bus D Q
WR PORT ckL Q D /0 pin®
Data Latch N
— D Q Vss
WRTRIS | T Schmitt
CK*-=Qi{—o X
T
TRIS Latch |nr;|agu€ier :\7
Buffer
q
RD TRIS
D

an

< Q
RD PORT F {>O

__ TMRO Clock Input

-¢

Note 1: 1/O pin has protection diodes to Vss only.

© 2002 Microchip Technology Inc.
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6.5

A crystal oscillator circuit is built-in between pins T1OSI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TLOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timerl oscillator.

Timerl Oscillator

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

6.6 Resetting Timerl using a CCP

Trigger Output

If the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger”
(CCP1M3:CCP1MO = ‘1011’), this signal will reset
Timerl.

Note: The special event triggers from the CCP1

and CCP2 modules will not set interrupt

flag bit TMR1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode, to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timer1 coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXL regis-
ter pair effectively becomes the period register for
Timerl.

6.7 Resetting of Timerl Register Pair

(TMR1H, TMR1L)

TMR1H and TMRI1L registers are not reset to 00h on a
POR, or any other RESET, except by the CCP1 and
CCP2 special event triggers.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Capacitors Used:
Osc Type | Frequency
OscC1 0oscC2
LP 32 kHz 47 pF 47 pF
100 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
were not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes (below) table for additional information.
Commonly Used Crystals:

32.768 kHz Epson C-001R32.768K-A
100 kHz Epson C-2 100.00 KC-P
200 kHz STD XTL 200.000 kHz

Note 1: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-
priate values of external components.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other RESETS, the register
is unaffected.

6.8

The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.

Timerl Prescaler

TABLE 6-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

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
8Ch PIE1 PsSPIE® | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE [ 0000 0000|0000 0000
OEh TMRI1L [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‘ T1CKPSO ’ T10SCEN ‘ T1SYNC ‘ TMRI1CS ‘ TMR1ON | --00 0000 | --uu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timerl module.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 ‘ TOUTPSO ’TMRZON ‘T2CKPSl T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale
1111 = 1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1 =Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits
00 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
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 00000000 0000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE (0000 00000000 0000
11h TMR2 |Timer2 Module Register 0000 000010000 0000
12h T2CON — ‘TOUTPS3‘TOUTPSZ‘TOUTPSl‘TOUTPSO‘TMRZON‘TZCKPS:L‘TZCKPSO -000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 1111/1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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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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FIGURE 9-1: SSP BLOCK DIAGRAM
(SPI MODE)

< Internal
Data Bus

Read Write

SSPBUF reg

‘ SSPSRreg ’—»

RC4/SDI/SDA bit0 Shift
|X} /‘ Clock
RC5/SDO \T;‘eripheral OE

SS Control
Enable

RA5/SS/AN4 Edge
Select

Clock Select

SSPM3:SSPMO

X’_' || Edge
Select

RC3/SCK/

SCL TRISC<3>

4,16, 64

TMR2 Output
2

Prescaler| Tcy

To enable the serial port, SSP enable bit, SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-
ister, and then set bit SSPEN. This configures the SDI,
SDO, SCK, and SS pins as serial port pins. For the pins
to behave as the serial port function, they must have
their data direction bits (in the TRISC register) appro-
priately programmed. That is:

¢ SDI must have TRISC<4> set
¢ SDO must have TRISC<5> cleared

¢ SCK (Master mode) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set

+ SS must have TRISA<5> set and ADCON must
be configured such that RA5 is a digital 1/0

Note 1: When the SPIis in Slave mode with SS pin
control enabled (SSPCON<3:0> = 0100),
the SPI module will reset if the SS pin is set
to VDD.

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

3: When the SPI is in Slave mode with SS
pin control enabled (SSPCON<3:0> =
‘0100’), the state of the SS pin can affect
the state read back from the TRISC<5>
bit. The Peripheral OE signal from the
SSP module into PORTC controls the
state that is read back from the
TRISC<5> bit (see Section 4.3 for infor-
mation on PORTC). If Read-Modify-Write
instructions, such as BSF are performed
on the TRISC register while the SS pin is
high, this will cause the TRISC<5> bit to
be set, thus disabling the SDO output.
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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.
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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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10.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

It may be advantageous to use the high baud rate
(BRGH = 1), even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

10.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

TABLE 10-1: BAUD RATE FORMULA
SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = FOsc/(4(X+1)) N/A

X =value in SPBRG (0 to 255)

TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Valueon: | Valueon
Address | Name | Bit7 | Bit6 | Bit5 | Bit4 Bit2 | Bitl | BitO POR, all other
BOR RESETS
98h TXSTA | CSRC | TX9 | TXEN | SYNC BRGH | TRMT | TX9D | 0000 -010| 0000 -010
18h RCSTA | SPEN | RX9 | SREN | CREN FERR | OERR [ RX9D | 0000 -00x | 0000 -00x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented, read as '0'. Shaded cells are not used by the BRG.
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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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Exclusive OR W with f

SWAPF Swap Nibbles in f XORWF
Syntax: [label] SWAPF f.d Syntax:
Operands: 0<f<127 Operands:
d e [0,1]
Operation: (f<3:0>) — (destination<7:4>), Operation:
(f<7:4>) — (destination<3:0>) Status Affected:
Status Affected: None Description:
Description: The upper and lower nibbles of
register 'f’ are exchanged. If 'd’ is
0, the result is placed in the W
register. If 'd’ is 1, the result is
placed in register 'f'.
XORLW Exclusive OR Literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k = (W)
Status Affected: 4
Description: The contents of the W register

are XOR’ed with the eight-bit
literal 'k'. The result is placed in
the W register.

[label] XORWF fd
0<f<127

d e [0,1]

(W) .XOR. (f) — (destination)

Z

Exclusive OR 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'.
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FIGURE 15-1: PIC16F7X VOLTAGE-FREQUENCY GRAPH
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FIGURE 15-2: PIC16LF7X VOLTAGE-FREQUENCY GRAPH
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FmAaX = (12 MHz/V) (VDDAPPMIN - 2.5V) + 4 MHz

Note 1: VDDAPPMIN is the minimum voltage of the PICmicro® device in the application.
2: FmAax has a maximum frequency of 10 MHz.
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15.2 DC Characteristics: PIC16F73/74/76/77 (Industrial, Extended)
PIC16LF73/74/76/77 (Industrial) (Continued)

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial

DC CHARACTERISTICS -40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC Specification,
Section 15.1.

Pilrc?m Sym Characteristic Min Typt| Max |[Units Conditions

VoL |Output Low Voltage
D080 I/O ports — — 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +125°C
D083 OSC2/CLKOUT (RC osc config) — — 0.6 V |loL=1.6 mA, VDD = 4.5V,

-40°C to +125°C
— — 0.6 V |loL=1.2 mA, VDD = 4.5V,
-40°C to +125°C

VoH |Output High Voltage

D090 I/0O ports (Note 3) VbD-0.7| — — V  |loH =-3.0 mA, VDD = 4.5V,
-40°C to +125°C
D092 OSC2/CLKOUT (RC osc config)| VDD - 0.7 | — — V |loH=-1.3mA, VDD = 4.5V,
-40°C to +125°C
VDD -0.7| — — V |loH=-1.0 mA, VDD = 4.5V,
-40°C to +125°C
D150* |Vop |Open Drain High Voltage — — 12 V |RA4 pin
Capacitive Loading Specs on Output Pins
D100 |Coscz2|0OSC2 pin — — 15 pF |In XT, HS and LP modes when
external clock is used to drive
OsC1
D101 |Cio |All /O pins and OSC2 — — 50 pF
(in RC mode)
D102 |CB  |scL, SDAin I2C mode — — | 400 pF
Program FLASH Memory
D130 |EpP Endurance 100 |1000 — E/W |25°C at 5V
D131 |VPr |VDD for Read 2.0 — 5.5 \%

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: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16F7X be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
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FIGURE 15-10: PARALLEL SLAVE PORT TIMING (PIC16F74/77 DEVICES ONLY)

RE2/CS S
REO/RD —\\—/
RE1L/WR : . /

RD7:RDO \/ : \ / \

Note: Refer to Figure 15-3 for load conditions.

TABLE 15-6: PARALLEL SLAVE PORT REQUIREMENTS (PIC16F74/77 DEVICES ONLY)

Parilnc:eter Symbol Characteristic Min |Typt | Max |Units Conditions
62 Tdtv2wrH |Data in valid before WRT or CST (setup time) | 20 | — | — | ns
25 | — | — ns |Extended range
only
63*  |TwrH2dtl |WRTor CSTto dataininvalid |Standard(F) | 20 | — | — | ns
(hold time) Extended(LF) | 35 | — | — | ns
64 TrdL2dtV |RD{ and CSl to data out valid — | — |80 | ns
— | — | 90 ns |Extended range
only
65 TrdH2dtl |RDT or CS! to data out invalid 10 | — | 30 | ns

* 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.
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FIGURE 16-5: TYPICAL IbD vs. Fosc OVER VDD (LP MODE)
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FIGURE 16-6: MAXIMUM Ipb vs. Fosc OVER VoD (LP MODE)
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28-Lead Plastic Micro Leadframe Package (MF) 6x6 mm Body (MLF)

EXPOSED
METAL
PADS

[ £ —

CH x 45° L
TOP VIEW BOTTOM VIEW
o
L A2 Y a
Al }7 [1T1 *
A3
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

Pitch p .026 BSC 0.65 BSC

Overall Height A .033 .039 0.85 1.00
Molded Package Thickness A2 .026 .031 0.65 0.80
Standoff Al .000 .0004 .002 0.00 0.01 0.05
Base Thickness A3 .008 REF. 0.20 REF.

Overall Width E .236 BSC 6.00 BSC

Molded Package Width El .226 BSC 5.75 BSC

Exposed Pad Width E2 .140 .146 152 3.55 3.70 3.85
Overall Length D .236 BSC 6.00 BSC

Molded Package Length D1 .226 BSC 5.75 BSC

Exposed Pad Length D2 .140 .146 152 3.55 3.70 3.85
Lead Width B .009 .011 .014 0.23 0.28 0.35
Lead Length L .020 .024 .030 0.50 0.60 0.75
Tie Bar Width R .005 .007 .010 0.13 0.17 0.23
Tie Bar Length Q .012 .016 .026 0.30 0.40 0.65
Chamfer CH .009 .017 .024 0.24 0.42 0.60
Mold Draft Angle Top o 12° 12°

*Controlling Parameter

Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side.
JEDEC equivalent: pending

Drawing No. C04-114
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28-Lead Plastic Micro Leadframe Package (MF) 6x6 mm Body (MLF) (Continued)

SOLDER EDGE
MASK
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p .026 BSC 0.65 BSC
Pad Width B .009 .011 .014 0.23 0.28 0.35
Pad Length L .020 .024 .030 0.50 0.60 0.75
Pad to Solder Mask M .005 .006 0.13 0.15

*Controlling Parameter

Drawing No. C04-2114
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APPENDIX C: CONVERSION
CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed

in Table C-1.
TABLE C-1: CONVERSION CONSIDERATIONS
Characteristic PIC16C7X PIC16F87X PIC16F7X
Pins 28/40 28/40 28/40
Timers 3 3 3
Interrupts 1l or12 13o0r14 1l or12

Communication

PSP, USART, SSP
(SPI, I12C Slave)

PSP, USART, SSP
(SPI, I2C Master/Slave)

PSP, USART, SSP
(SPI, I2C Slave)

Frequency 20 MHz 20 MHz 20 MHz
A/D 8-hit 10-bit 8-bit
CCP 2 2 2
Program Memory 4K, 8K EPROM 4K, 8K FLASH 4K, 8K FLASH

(1,000 E/W cycles)

(100 E/W cycles typical)

RAM

192, 368 bytes

192, 368 bytes

192, 368 bytes

EEPROM Data

None

128, 256 bytes

None

Other

In-Circuit Debugger,
Low Voltage Programming
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