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PIC16(L)F1508/9

3.3.2 SPECIAL FUNCTION REGISTER

The Special Function Registers are registers used by
the application to control the desired operation of
peripheral functions in the device. The Special Function
Registers occupy the 20 bytes after the core registers of
every data memory bank (addresses x0Ch/x8Ch
through x1Fh/x9Fh). The registers associated with the
operation of the peripherals are described in the appro-
priate peripheral chapter of this data sheet.

3.3.3 GENERAL PURPOSE RAM

There are up to 80 bytes of GPR in each data memory
bank. The Special Function Registers occupy the 20
bytes after the core registers of every data memory
bank (addresses xOCh/x8Ch through x1Fh/x9Fh).

3.3.3.1 Linear Access to GPR

The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify
access to large memory structures. See Section
3.6.2 “Linear Data Memory” for more information.

3.34 COMMON RAM

There are 16 bytes of common RAM accessible from all
banks.

FIGURE 3-2:

BANKED MEMORY
PARTITIONING

7-bit Bank Offset
00h

0Bh
0Ch

1Fh
20h

6Fh
70h

7Fh

Rev. 10-000041A
713012013

Memory Region

Core Registers
(12 bytes)

Special Function Registers
(20 bytes maximum)

General Purpose RAM
(80 bytes maximum)

Common RAM
(16 bytes)
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REGISTER 7-4: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — CLC4IE CLC3IE CLC2IE CLC1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3 CLCA4IE: Configurable Logic Block 4 Interrupt Enable bit

1 = Enables the CLC 4 interrupt
0 = Disables the CLC 4 interrupt

bit 2 CLCS3IE: Configurable Logic Block 3 Interrupt Enable bit

1 = Enables the CLC 3 interrupt
0 = Disables the CLC 3 interrupt

bit 1 CLC2IE: Configurable Logic Block 2 Interrupt Enable bit
1 = Enables the CLC 2 interrupt
0 = Disables the CLC 2 interrupt

bit 0 CLCLIE: Configurable Logic Block 1 Interrupt Enable bit

1 = Enables the CLC 1 interrupt
0 = Disables the CLC 1 interrupt

Note: Bit PEIE of the INTCON register must beI
set to enable any peripheral interrupt.
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9.1 Independent Clock Source

The WDT derives its time base from the 31 kHz
LFINTOSC internal oscillator. Time intervals in this
chapter are based on a nominal interval of 1 ms. See
Section  29.0 “Electrical Specifications” for the
LFINTOSC tolerances.

9.2 WDT Operating Modes

The Watchdog Timer module has four operating modes
controlled by the WDTE<1:0> bits in Configuration
Words. See Table 9-1.

9.21 WDT IS ALWAYS ON

When the WDTE bits of Configuration Words are set to
‘11’, the WDT is always on.

WDT protection is active during Sleep.

9.2.2 WDT IS OFF IN SLEEP

When the WDTE bits of Configuration Words are set to
‘10, the WDT is on, except in Sleep.

WDT protection is not active during Sleep.

9.2.3 WDT CONTROLLED BY SOFTWARE

When the WDTE bits of Configuration Words are set to
‘01’, the WDT is controlled by the SWDTEN bit of the
WDTCON register.

WDT protection is unchanged by Sleep. See Table 9-1
for more details.

9.3 Time-Out Period

The WDTPS bits of the WDTCON register set the
time-out period from 1 ms to 256 seconds (nominal).
After a Reset, the default time-out period is two
seconds.

9.4 Clearing the WDT

The WDT is cleared when any of the following condi-
tions occur:

* Any Reset

* CLRWDT instruction is executed

» Device enters Sleep

» Device wakes up from Sleep

» Oscillator fail

* WDT is disabled

» Oscillator Start-up Timer (OST) is running

See Table 9-2 for more information.

9.5 Operation During Sleep

When the device enters Sleep, the WDT is cleared. If
the WDT is enabled during Sleep, the WDT resumes
counting. When the device exits Sleep, the WDT is
cleared again.

The WDT remains clear until the OST, if enabled, com-
pletes. See Section 5.0 “Oscillator Module (With
Fail-Safe Clock Monitor)” for more information on the
OST.

When a WDT time-out occurs while the device is in

TABLE 9-1: WDT OPERATING MODES - i
Sleep, no Reset is generated. Instead, the device
. Device WDT wakes up and resumes operation. The TO and PD bits
WDTE<1:0> SWDTEN Mode Mode in the STATUS register are changed to indicate the
: event. The RWDT bit in the PCON register can also be
11 X X Active used. See Section 3.0 “Memory Organization” for
Awake | Active more information.
10 X
Sleep | Disabled
1 X Active
01
0 X Disabled
00 X X Disabled
TABLE 9-2: WDT CLEARING CONDITIONS
Conditions WDT
WDTE<1:0> =00
WDTE<1:0> =01 and SWDTEN =0
WDTE<1:0> =10 and enter Sleep
Cleared

CLRWDT Command

Oscillator Fail Detected

Exit Sleep + System Clock = T10SC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST

Change INTOSC divider (IRCF bits)

Unaffected

© 2011-2015 Microchip Technology Inc.
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FIGURE 10-6: FLASH MEMORY WRITE FLOWCHART

Rev. 10-000049A
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11.5 PORTB Registers

11.5.1 DATA REGISTER

PORTB is a 4-bit wide, bidirectional port. The
corresponding data direction register is TRISB
(Register 11-8). Setting a TRISB bit (= 1) will make the
corresponding PORTB pin an input (i.e., disable the
output driver). Clearing a TRISB bit (= 0) will make the
corresponding PORTB pin an output (i.e., enables
output driver and puts the contents of the output latch
on the selected pin). Example 11-1 shows how to
initialize an 1/O port.

Reading the PORTB register (Register 11-7) 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, this value is modified and then
written to the PORT data latch (LATB).

11.5.2 DIRECTION CONTROL

The TRISB register (Register 11-8) controls the
PORTB pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISB register are maintained set when using
them as analog inputs. 1/O pins configured as analog
input always read ‘0’.

11.5.3 ANALOG CONTROL

The ANSELB register (Register 11-10) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELB bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELB bits has no effect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

11.54 PORTB FUNCTIONS AND OUTPUT
PRIORITIES

Each PORTB pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are shown in Table 11-5.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the highest priority.

Analog input functions, such as ADC and comparator
inputs, are not shown in the priority lists. These inputs
are active when the I/O pin is set for Analog mode using
the ANSELX registers. Digital output functions may
control the pin when it is in Analog mode with the
priority shown below in Table 11-5.

TABLE 11-5: PORTB OUTPUT PRIORITY
Pin Name Function Priority(l)
RB4 SDA
RB4
RB5 RB5
RB6 SCL
SCK
RB6
RB7 CLC3
X
RB7

Note:  The ANSELB bits default to the Analog
mode after Reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits

must be initialized to ‘0’ by user software.

Note 1: Priority listed from highest to lowest.
2:  Default pin (see APFCON register).
3: Alternate pin (see APFCON register).
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12.6 Register Definitions: Interrupt-on-Change Control

REGISTER 12-1: IOCAP: INTERRUPT-ON-CHANGE PORTA POSITIVE EDGE REGISTER

uU-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCAP5 IOCAP4 IOCAP3 I0OCAP2 IOCAP1 IOCAPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAP<5:0>: Interrupt-on-Change PORTA Positive Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a positive going edge. IOCAFXx bit and IOCIF flag will be set
upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 12-2: IOCAN: INTERRUPT-ON-CHANGE PORTA NEGATIVE EDGE REGISTER

uU-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCANS IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAN<5:0>: Interrupt-on-Change PORTA Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative going edge. IOCAFx bit and IOCIF flag will be set
upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 12-3: IOCAF: INTERRUPT-ON-CHANGE PORTA FLAG REGISTER

u-0 uU-0 R/W/HS-0/0  R/W/HS-0/0  R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0
— — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared HS - Bit is set in hardware
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAF<5:0>: Interrupt-on-Change PORTA Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCAPx = 1 and a rising edge was detected on RAX, or when IOCANx = 1 and a falling edge was
detected on RAX.

0 = No change was detected, or the user cleared the detected change.
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13.3 Register Definitions: FVR Control

REGISTER 13-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-q/q R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
FVREN® | FVRRDY® | TSENG®) | TSRNGE) CDAFVR<1:0>(1) ADFVR<1:0>()
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 FVREN: Fixed Voltage Reference Enable bit(?
1 = Fixed Voltage Reference is enabled
0 = Fixed Voltage Reference is disabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit®?
1 = Fixed Voltage Reference output is ready for use
0 = Fixed Voltage Reference output is not ready or not enabled
bit 5 TSEN: Temperature Indicator Enable bit®)
1 = Temperature Indicator is enabled
0 = Temperature Indicator is disabled
bit 4 TSRNG: Temperature Indicator Range Selection bit(3)
1 = Vout = VDD - 4VT (High Range)
0 = VouTt = VDD - 2VT (Low Range)
bit 3-2 CDAFVR<1:0>: Comparator FVR Buffer Gain Selection bits ()
11 = Comparator FVR Buffer Gain is 4x, with output voltage = 4x VFVR (4.096V nominal)(4)
10 = Comparator FVR Buffer Gain is 2x, with output voltage = 2x VFVR (2.048V nominal)(4)
01 = Comparator FVR Buffer Gain is 1x, with output voltage = 1x VFVR (1.024V nominal)
00 = Comparator FVR Buffer is off
bit 1-0 ADFVR<1:0>: ADC FVR Buffer Gain Selection bit(")

11 = ADC FVR Buffer Gain is 4x, with output voltage = 4x VFVR (4.096V nominal)(4)
10 = ADC FVR Buffer Gain is 2x, with output voltage = 2x VFVR (2.048V nominal)(4)
01 = ADC FVR Buffer Gain is 1x, with output voltage = 1x VFVR (1.024V nominal)
00 = ADC FVR Buffer is off

Note 1: To minimize current consumption when the FVR is disabled, the FVR buffers should be turned off by clear-
ing the Buffer Gain Selection bits.

2: FVRRDY is always ‘1’ for the PIC16F1508/9 devices.

w

See Section 14.0 “Temperature Indicator Module” for additional information.

4: Fixed Voltage Reference output cannot exceed VDD.

TABLE 13-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE FIXED VOLTAGE REFERENCE
Name Bit 7 Bit 6 Bt 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page

FVRCON FVREN | FVRRDY | TSEN | TSRNG CDAFVR>1:0> ADFVR<1:0> 125

Legend: Shaded cells are unused by the Fixed Voltage Reference module.
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15.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 10-bit binary result via successive

approximation and stores the conversion result into the
ADC result registers (ADRESH:ADRESL register pair).
Figure 15-1 shows the block diagram of the ADC.

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

FIGURE 15-1: ADC BLOCK DIAGRAM
VDD ADPREF v tosiossn
Positive
VDD Reference
Select
VREF+ pin
ANO J:VSS ADCS<2:0>
ANa i VRNEG VRPOS
External F
) Foscin| Fosc
e — < Divider| [ FOSC
Inputs (T ADC clk ADC
. sampled = Clock
ANz K’i input Select| FRC ’ Frc
Internal Temp Indicator ——
Channel DACx_output —— ADC CLOCK SOURCE
Inputs FVR_buffer! —— ADC
Sample Circuit
CHS<4:0>
ADFM
set bit ADIF —
<« let 19 10-bit Result
Write to bit R complete -bit Resu
GO/DONE g7~ GO/DONE ”
> 4 start
2 Q4 A,
Q2 ‘ ADRESH ADRESL ‘
Enable
. Trigger Select
TRIGSEL<3:0> — ADON %!L
‘ ‘ - ‘ ‘ | Vvss
Trigger Sources -
AUTO CONVERSION
TRIGGER
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17.2.5 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CxPOL bit of the CMxCONO register.
Clearing the CxPOL bit results in a non-inverted output.

Table 17-2 shows the output state versus input
conditions, including polarity control.

TABLE 17-2:. COMPARATOR OUTPUT
STATE VS. INPUT CONDITIONS
Input Condition CxPOL CxOUT
CxVN > CxVp 0 0
CxVN < CxVp 0 1
CxVN > CxVP 1 1
CxVN < CxVP 1 0

17.2.6 COMPARATOR SPEED/POWER
SELECTION

The trade-off between speed or power can be opti-
mized during program execution with the CxSP control
bit. The default state for this bit is ‘1’ which selects the
Normal-Speed mode. Device power consumption can
be optimized at the cost of slower comparator propaga-
tion delay by clearing the CxSP bit to ‘0’.

17.3 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 17-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is for-
ward biased and a latch-up may occur.

A maximum source impedance of 10 kQ is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to

consume more current than is specified.

FIGURE 17-3: ANALOG INPUT MODEL
VDD
o | Analog VT 0.6V
[ Rs < 10K !Input pin
} } X » To Comparator
| | (1)
| | ILEAKAGE
[ [ CPIN — VT =0.6V
| @ | BpF
| — |
oD | ‘ 1 ovs
Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage
Note 1: See Section 29.0 “Electrical Specifications”.
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21.45 START CONDITION

The I1°C specification defines a Start condition as a
transition of SDAx from a high to a low state while
SCLx line is high. A Start condition is always gener-
ated by the master and signifies the transition of the
bus from an Idle to an Active state. Figure 21-12
shows wave forms for Start and Stop conditions.

A bus collision can occur on a Start condition if the
module samples the SDAXx line low before asserting it
low. This does not conform to the 12C Specification that
states no bus collision can occur on a Start.

21.46 STOP CONDITION

A Stop condition is a transition of the SDAXx line from
low-to-high state while the SCLx line is high.

Note: At least one SCLx low time must appear
before a Stop is valid, therefore, if the SDAx
line goes low then high again while the SCLx
line stays high, only the Start condition is

21.4.7 RESTART CONDITION

A Restart is valid any time that a Stop would be valid.
A master can issue a Restart if it wishes to hold the
bus after terminating the current transfer. A Restart
has the same effect on the slave that a Start would,
resetting all slave logic and preparing it to clock in an
address. The master may want to address the same or
another slave. Figure 21-13 shows the wave form for a
Restart condition.

In 10-bit Addressing Slave mode a Restart is required
for the master to clock data out of the addressed
slave. Once a slave has been fully addressed, match-
ing both high and low address bytes, the master can
issue a Restart and the high address byte with the
R/W bit set. The slave logic will then hold the clock
and prepare to clock out data.

After a full match with R/W clear in 10-bit mode, a prior
match flag is set and maintained. Until a Stop condi-
tion, a high address with R/W clear, or high address
match fails.

detected.
21.4.8 START/STOP CONDITION INTERRUPT
MASKING
The SCIE and PCIE bits of the SSPxCON3 register
can enable the generation of an interrupt in Slave
modes that do not typically support this function. Slave
modes where interrupt on Start and Stop detect are
already enabled, these bits will have no effect.
FIGURE 21-12: 12C START AND STOP CONDITIONS
= | . =
soax | | I ' | |
I i . T | |
I I L L
e |INL T N T
s 1 e « S P
- f - : Change of : * Change of - f -
Data Allowed Data Allowed
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FIGURE 21-13: I2C RESTART CONDITION
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I°C SLAVE, 7-BIT ADDRESS, TRANSMISSION (AHEN = 0)
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21.6  1°C MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in the SSPxCON1 register and
by setting the SSPEN bit. In Master mode, the SDAXx
and SCKx pins must be configured as inputs. The
MSSP peripheral hardware will override the output
driver TRIS controls when necessary to drive the pins
low.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop con-
ditions. The Stop (P) and Start (S) bits are cleared from
a Reset or when the MSSPx module is disabled. Con-
trol of the 12C bus may be taken when the P bit is set,
or the bus is idle.

In Firmware Controlled Master mode, user code
conducts all 12C bus operations based on Start and
Stop bit condition detection. Start and Stop condition
detection is the only active circuitry in this mode. All
other communication is done by the user software
directly manipulating the SDAx and SCLx lines.

The following events will cause the SSPx Interrupt Flag
bit, SSPxIF, to be set (SSPx interrupt, if enabled):

« Start condition detected

» Stop condition detected

» Data transfer byte transmitted/received

» Acknowledge transmitted/received

* Repeated Start generated

Note 1: The MSSPx module, when configured in
I2C Master mode, does not allow queue-
ing of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPxBUF register
to initiate transmission before the Start
condition is complete. In this case, the
SSPxBUF will not be written to and the
WCOL bit will be set, indicating that a
write to the SSPxBUF did not occur

2: When in Master mode, Start/Stop detec-
tion is masked and an interrupt is gener-
ated when the SEN/PEN bit is cleared and
the generation is complete.

21.6.1  1°C MASTER MODE OPERATION

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDAX, while SCLx outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (seven bits) and the Read/Write (R/W)
bit. In this case, the R/W bit will be logic ‘0’. Serial data
is transmitted eight bits at a time. After each byte is
transmitted, an Acknowledge bit is received. Start and
Stop conditions are output to indicate the beginning
and the end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(seven bits) and the R/W bit. In this case, the R/W bit
will be logic ‘1. Thus, the first byte transmitted is a 7-bit
slave address followed by a ‘1’ to indicate the receive
bit. Serial data is received via SDAX, while SCLx out-
puts the serial clock. Serial data is received eight bits at
a time. After each byte is received, an Acknowledge bit
is transmitted. Start and Stop conditions indicate the
beginning and end of transmission.

A Baud Rate Generator is used to set the clock
frequency output on SCLx. See Section21.7 “Baud
Rate Generator” for more detail.
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I°C MASTER MODE START
CONDITION TIMING

To initiate a Start condition (Figure 21-26), the user
sets the Start Enable bit, SEN bit of the SSPxCON2
register. If the SDAx and SCLx pins are sampled high,
the Baud Rate Generator is reloaded with the contents
of SSPxADD<7:0> and starts its count. If SCLx and
SDAx are both sampled high when the Baud Rate
Generator times out (TBRG), the SDAXx pin is driven
low. The action of the SDAx being driven low while
SCLx is high is the Start condition and causes the S bit
of the SSPxSTAT1 register to be set. Following this,
the Baud Rate Generator is reloaded with the contents
of SSPxADD<7:0> and resumes its count. When the
Baud Rate Generator times out (TBRG), the SEN bit of
the SSPxCON2 register will be automatically cleared

2164

FIGURE 21-26: FIRST START BIT TIMING

by hardware; the Baud Rate Generator is suspended,
leaving the SDAX line held low and the Start condition
is complete.

Note 1: If at the beginning of the Start condition,
the SDAx and SCLx pins are already sam-
pled low, or if during the Start condition,
the SCLx line is sampled low before the
SDAXx line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag,
BCLxIF, is set, the Start condition is
aborted and the 12C module is reset into
its Idle state.

2: The Philips 1’c Specification states that a
bus collision cannot occur on a Start.

Write to SEN bit occurs here

Set S bit (SSPxSTAT<3>)

At completion of Start bit,

ggﬁ)((; % hardware clears SEN bit
| ‘and sets SSPxIF bit
F_TBRGr - -TBBG_vI rite to SSPxBUF occurs here
SDAx : : 1st bit >< 2nd bit
: I l+ TBRG +]
SCLx : : w
' S ! ' 0
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22.1.2.8  Asynchronous Reception Set-up:

1. Initialize the SPBRGH, SPBRGL register pair
and the BRGH and BRG16 bits to achieve the

22.1.2.9 9-bit Address Detection Mode Set-up

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address

desired baud rate (see Section22.4 “EUSART
Baud Rate Generator (BRG)").

Detect Enable:

. - . 1. Initialize the SPBRGH, SPBRGL register pair
2. Clear the ANSEL bit for the RX pin (if applicable). and the BRGH and BRG16 bits to achieve the
3. Enable the serial port by setting the SPEN bit. desired baud rate (see Section22.4 “EUSART
The SYNC bit must be clear for asynchronous Baud Rate Generator (BRG)").
operation. 2. Clear the ANSEL bit for the RX pin (if applicable).
4. If interrupts are desired, set the RCIE bit of the 3. Enable the serial port by setting the SPEN bit.
PIE1 register and the GIE and PEIE bits of the The SYNC bit must be clear for asynchronous
INTCON register. operation.
5. If 9-bit reception is desired, set the RX9 bit. 4. If interrupts are desired, set the RCIE bit of the
6. Enable reception by setting the CREN bit. PIE1 register and the GIE and PEIE bits of the
7. The RCIF interrupt flag bit will be set when a INTCON register.
character is transferred from the RSR to the 5. Enable 9-bit reception by setting the RX9 bit.
receive buffer. An interrupt will be generated if 6. Enable address detection by setting the ADDEN
the RCIE interrupt enable bit was also set. bit.
8. Read the RCSTA register to get the error flags 7. Enable reception by setting the CREN bit.
and, |f_9-b|t data reception is enabled, the ninth 8. The RCIF interrupt flag bit will be set when a
data bit. character with the ninth bit set is transferred
9. Get the received e|ght Least Signiﬂcant data bits from the RSR to the receive buffer. An interrupt
from the receive buffer by reading the RCREG will be generated if the RCIE interrupt enable bit
register. was also set.
10. If an overrun occurred, clear the OERR flag by 9. Read the RCSTA register to get the error flags.
clearing the CREN receiver enable bit. The ninth data bit will always be set.

10. Get the received eight Least Significant data bits
from the receive buffer by reading the RCREG
register. Software determines if this is the
device’s address.

11. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

12. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts.

FIGURE 22-5: ASYNCHRONOUS RECEPTION
. Start _ . . Start — i Start :
RX/DT pin bit (bit 0 Y bit 1 X D(M/slt)%p\ bit A bltOB D(bn 718 slt)%p\ bit ,{j D(b.t 7/8: Stop
Rev Shift |
. (( ((
sg\? Buffer Reg. )) )) ] S S !
9 Word 2 T \
RCREG '
et/ (( 1 e
)] ' .
Read R ' '
BSf?er R’Cevg. S S 5 S S S : T
RCREG ' ’)
(( (( '
RCIF ((
(Interrupt Flag) )) ) ))
i (( (( ((
OERR bit ) B H I—I3_
CREN (( ((
)) )) )) [
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.
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24.0 CONFIGURABLE LOGIC CELL Refer to Figure 24-1 for a simplified diagram showing
(CLC) signal flow through the CLCx.

Possible configurations include:
The Configurable Logic Cell (CLCx) provides program-

mable logic that operates outside the speed limitations * Combinatorial Logic
of software execution. The logic cell takes up to 16 - AND
input signals, and through the use of configurable - NAND
gates, reduces the 16 inputs to four logic lines that drive - AND-OR
one of eight selectable single-output logic functions. - AND-OR-INVERT
Input sources are a combination of the following: - OR-XOR
* /O pins - OR-XNOR
* Internal clocks » Latches
» Peripherals - SR
* Register bits - Clocked D with Set and Reset
The output can be directed internally to peripherals and - Transparent D with Set and Reset
to an output pin. - Clocked J-K with Reset
FIGURE 24-1: CONFIGURABLE LOGIC CELL BLOCK DIAGRAM
LCxOUT
b a MLCXOUT
Q1 —

LCx_in[0]—

LCx_in[1]— .

. —_—»
LCx_in[2]—| to Peripherals
LCx_in[3]— g
LOx infl— 5 | | LCXEN LCxOE
LCx_in[5]— @ | 19 L TRIS Control
LCx_in[6]— S | Icxg2 Logi

) = ogic
LCx_in[7]— @ Functi Icxq LCx_out oLG
LCx_in[8]— & | 19 ungren X
LCX_In[9]7 © Icxg4

LCx_in[10]—| ®
LOx_in[11]— 5 LCxPOL
::gx—!”“z]: 2| LcxMODE<2:0> Interrupt
X_in[13] |
LCx_in[14]— f det
LCx_in[15]—
- LCXINTPI )
set bit
LCXINTNI CLCxIF
Interrupt
det | |
Note 1: See Figure 24-2.
2: See Figure 24-3.
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29.3 DC Characteristics
TABLE 29-1: SUPPLY VOLTAGE
PIC16LF1508/9 Standard Operating Conditions (unless otherwise stated)
PIC16F1508/9
Param. | Sym. Characteristic Min. | Typt | Max. Units Conditions
No.
D001 VDD Supply Voltage
VDDMIN VDDMAX
1.8 — 3.6 \Y Fosc <16 MHz
2.5 — 3.6 \Y Fosc <20 MHz
D001 2.3 — 585 Vv Fosc <16 MHz
2.5 — 585 \Y Fosc <20 MHz
D002* | VDR RAM Data Retention Voltage®
15 — — \% Device in Sleep mode
D002* 1.7 — — Vv Device in Sleep mode
DO002A* | VPOR Power-on Reset Release Voltage®
— 1.6 — Y
D002A* — 1.6 — Vv
D002B* | VPORR* | Power-on Reset Rearm Voltage(z)
— 0.8 — \Y
D002B* — 15 — Y
D003 VFVR Fixed Voltage Reference Voltage
1x gain (1.024V nominal) VDD > 2.5V, -40°C < TA < +85°C
2x gain (2.048V nominal) -4 — +4 % VDD > 2.5V, -40°C < TA < +85°C
4x gain (4.096V nominal) -3 — +7 % VDD >4.75V, -40°C < TA < +85°C
D004* | SvbD VDD Rise Rate@ 0.05 — — V/ms | Ensures that the Power-on Reset
signal is released properly.
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: Thisis the limit to which VDD can be lowered in Sleep mode without losing RAM data.
2:  See Figure 29-3, POR and POR REARM with Slow Rising VDD.
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FIGURE 29-18: SPI SLAVE MODE TIMING (CKE = 0)

« /L
)) .

'
— - — -

SP78 SP79

SP71 ' SP72

— — ' e

SP79 SP78
' . (C . _&
SDO . MSb ;X: bns--;;--1 >< LSb l 7
! e ) —
' : . SP77
SDI : ) bit 6 - -%>1 LSb In
. . SP74_:

~—=SP73

Note: Refer to Figure 29-4 for load conditions.

FIGURE 29-19: SPI SLAVE MODE TIMING (CKE = 1)

o

SP75,'SP76 :

SDi MSb In bit 6 - - 1 LSb In

' SP74

Note: Refer to Figure 29-4 for load conditions.
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FIGURE 30-19: IDD, LFINTOSC, Fosc = 31 kHz, PIC16LF1508/9 ONLY
12
0 Max: 85°C + 30 Max.
Typical: 25°C —
e
8 /'/
< —
=
a 6 Typical o
e
4
2
0
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8
VDD (V)
FIGURE 30-20: IDD, LFINTOSC, Fosc = 31 kHz, PIC16F1508/9 ONLY
25
Max.
20 —
// Typical
g 15 —
E'— ’/
[=]
a
10
Max: 85°C + 30
S I |Typical: 25°C
0
2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0
VDD (V)
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FIGURE 30-27: IDD TYPICAL, HS OSCILLATOR, PIC16LF1508/9 ONLY
1.6 ‘ ‘
1.4 |—{Typical: 25°C >
19 20 MHz l/
1.0 —
—_ —
T os
8
0.4 4 MHz
0.2
0.0
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8
VDD (V)
FIGURE 30-28: IDD MAXIMUM, HS OSCILLATOR, PIC16LF1508/9 ONLY
1.8 ‘ |
1.6 4|Max: 85°C + 30 }
1.4 20 MHZ//
1.2 /,/
- 10
£
~ 0.8
8
0.4 — MMz
0.2
0.0
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 34 3.6 3.8
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20-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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