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within electronic devices to control various functions,
rather than serving as standalone computers.
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PIC16(L)F1508/9

PIN DIAGRAMS

20-pin PDIP, SOIC, SSOP

vop [J1 \J 20[] Vss
RA5 []2
RA4 []3
MCLR/VPPIRA3 [4 @ & 17[] RA2
n
RC5 []5 N 16[] RCO
RC4 []6 < < 15[] RC1
o ©
RC3 []7 § T 14[] RC2
RC6 []8 & O 13[] RB4
RC7 []9 12[] RB5
RB7 []10 11[] RB6

Note: See Table 1 for location of all peripheral functions.

19[] RAO/ICSPDAT
18[] RA1/ICSPCLK

20-pin QFN, UQFN

MCLR/VPP/RA3
RC5
RC4
RC3
RC6

RAO/ICSPDAT

R RCRTAT
11 15]]
12 14]
, PICIGLF1S08 o
13 pici6(L)F1509
14 12]
15 1]

6 7 8 9 10

N~ N~ O 0 <

O M M Mm

¥ ¥ ¥ @ o

Note 1: See Table 1 for location of all peripheral functions.

RA1/ICSPCLK
RA2
RCO
RC1
RC2

2: ltis recommended that the exposed bottom pad be connected to Vss.
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3.2.1 READING PROGRAM MEMORY AS
DATA

There are two methods of accessing constants in
program memory. The first method is to use tables of
RETLWinstructions. The second method is to set an
FSR to point to the program memory.

3.2.11 RETLWiInstruction

The RETLWinstruction can be used to provide access
to tables of constants. The recommended way to create
such a table is shown in Example 3-1.

EXAMPLE 3-1: RETLWINSTRUCTION
constants
BRW ;Add Index in Wto

; program counter to
;select data
;1 ndex0 data
;I ndexl data

RETLW DATAO
RETLW DATA1
RETLW DATA2
RETLW DATA3

nmy_function
;... LOTS OF CODE...
MOVLW DATA_| NDEX
call constants
;... THE CONSTANT IS IN W

The BRW instruction makes this type of table very
simple to implement. If your code must remain portable
with previous generations of microcontrollers, then the
BRWinstruction is not available so the older table read
method must be used.

3.21.2 Indirect Read with FSR

The program memory can be accessed as data by set-
ting bit 7 of the FSRxH register and reading the match-
ing INDFx register. The MOVl Winstruction will place the
lower eight bits of the addressed word in the W register.
Writes to the program memory cannot be performed via
the INDF registers. Instructions that access the pro-
gram memory via the FSR require one extra instruction
cycle to complete. Example 3-2 demonstrates access-
ing the program memory via an FSR.

The H CGH operator will set bit<7> if a label points to a
location in program memory.

EXAMPLE 3-2: ACCESSING PROGRAM
MEMORY VIA FSR
constants
DwW DATAO ; First constant
DW DATAL ; Second const ant
DW DATA2
DW DATA3
nmy_function
;...LOTS OF CODE...

MOVLW  DATA | NDEX
ADDLW LOW constants
MOWWF  FSR1L
MOVLW HI GH constants; MSb sets
automatical ly
MOWF  FSR1H
BTFSC STATUS, C ;carry from ADDLWP
I NCF FSR1h, f ;yes
MOVI W O[ FSR1]
; THE PROGRAM MEMORY IS IN W

© 2011-2015 Microchip Technology Inc.
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REGISTER 7-2: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0

TMR1GIE ADIE RCIE TXIE SSP1IE — TMR2IE TMR1IE
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 TMR1GIE: Timer1 Gate Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2
bit 1

bit 0

1 = Enables the Timer1 gate acquisition interrupt
0 = Disables the Timer1 gate acquisition interrupt
ADIE: Analog-to-Digital Converter (ADC) Interrupt Enable bit

1 = Enables the ADC interrupt
0 = Disables the ADC interrupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

SSP1IE: Synchronous Serial Port (MSSP) Interrupt Enable bit
1 = Enables the MSSP interrupt

0 = Disables the MSSP interrupt

Unimplemented: Read as ‘0’

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt

TMRL1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

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

DS40001609E-page 76
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17.8 Register Definitions: Comparator Control

REGISTER 17-1: CMxCONO: COMPARATOR Cx CONTROL REGISTER 0

R/W-0/0 R-0/0 R/W-0/0 R/W-0/0 U-0 R/W-1/1 R/W-0/0 R/W-0/0
CxON CxOUT CxOE CxPOL — CxSP CxHYS CxSYNC
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 CxON: Comparator Enable bit
1 = Comparator is enabled
0 = Comparator is disabled and consumes no active power
bit 6 CxOUT: Comparator Output bit
If CxPOL = 1 (inverted polarity):
1= CxVP < CxVN
0 = CxVP >CxVN
If CxPOL = 0 (non-inverted polarity):
1= CxVP > CxVN
0 = CxVP <CxVN
bit 5 CxOE: Comparator Output Enable bit
1 = CxOUT is present on the CxOUT pin. Requires that the associated TRIS bit be cleared to actually
drive the pin. Not affected by CxON.
0 = CxOUT is internal only
bit 4 CxPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 3 Unimplemented: Read as ‘0’
bit 2 CxSP: Comparator Speed/Power Select bit
1 = Comparator mode in normal power, higher speed
0 = Comparator mode in low-power, low-speed
bit 1 CxHYS: Comparator Hysteresis Enable bit
1 = Comparator hysteresis enabled
0 = Comparator hysteresis disabled
bit 0 CxSYNC: Comparator Output Synchronous Mode bit

1 = Comparator output to Timer1 and 1/O pin is synchronous to changes on Timer1 clock source.
Output updated on the falling edge of Timer1 clock source.
0 = Comparator output to Timer1 and I/O pin is asynchronous

© 2011-2015 Microchip Technology Inc. DS40001609E-page 149
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TABLE 17-3: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgp'ifé
ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSAO0 110
ANSELC ANSC7 ANSC6 — — ANSC3 ANSC2 ANSC1 ANSCO 118
CM1CONO C10N Cc10UT C10E C1POL — C1SP C1HYS C1SYNC 149
CM2CONO C20N Cc20uUT C20E C2POL — C2SP C2HYS C2SYNC 149
CM1CON1 CINTP C1INTN C1PCH<1:0> — C1NCH<2:0> 150
CM2CON1 C2NTP C2INTN C2PCH<1:0> — C2NCH<2:0> 150
CMOUT — — — — — — MC20UT | MC10UT 150
DAC1CONO DACEN — DACOE1 | DACOE2 — DACPSS — — 144
DAC1CON1 — — — DACR<4:0> 144
FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 125
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 75
PIE2 OSFIE C2IE C1IE — BCL1IE NCO1IE — — 77
PIR2 OSFIF C2IF C1IF = BCL1IF NCO1IF = = 80
PORTA — — RA5 RA4 RA3 RA2 RA1 RAO 109
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 117
LATA — — LATA5 LATA4 — LATA2 LATA1 LATAO 110
LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO 117
TRISA = = TRISA5 TRISA4 —@ TRISA2 TRISA1 TRISAO 109
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 117
Legend: — =unimplemented location, read as ‘0’. Shaded cells are unused by the comparator module.

Note 1: Unimplemented, read as ‘1’.

© 2011-2015 Microchip Technology Inc. DS40001609E-page 151
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20.5 Register Definitions: Timer2 Control

REGISTER 20-1: T2CON: TIMER2 CONTROL REGISTER

uU-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 R/W-0/0
— T20UTPS<3:0> TMR20ON T2CKPS<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’ = Bitis cleared
bit 7 Unimplemented: Read as ‘0’
bit 6-3 T20UTPS<3:0>: Timer2 Output Postscaler Select bits

0000 = 1:1 Postscaler
0001 = 1:2 Postscaler
0010 = 1:3 Postscaler
0011 = 1:4 Postscaler
0100 = 1:5 Postscaler
0101 = 1:6 Postscaler
0110 =1:7 Postscaler
0111 = 1:8 Postscaler
1000 = 1:9 Postscaler
1001 = 1:10 Postscaler
1010 = 1:11 Postscaler
1011 = 1:12 Postscaler
1100 = 1:13 Postscaler
1101 = 1:14 Postscaler
1110 = 1:15 Postscaler
1111 = 1:16 Postscaler

bit 2 TMR2ON: Timer2 On bit
1= Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

00 =Prescaler is 1
01 = Prescaleris 4
10 =Prescaler is 16
11 =Prescaler is 64

TABLE 20-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page

INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 75
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE — TMR2IE TMR1IE 76
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF — TMR2IF TMR1IF 76
PR2 Timer2 Module Period Register 166*
T2CON — T20UTPS<3:0> TMR20ON T2CKPS<1:0> 168
TMR2 Holding Register for the 8-bit TMR2 Count 166*
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for Timer2 module.

*

Page provides register information.

DS40001609E-page 168 © 2011-2015 Microchip Technology Inc.
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FIGURE 21-4: SPI MASTER AND MULTIPLE SLAVE CONNECTION
SCKXx » SCKx
SPIMaster ~ SDOx > SDIX  sp| Slave
SDIx |« spox  #1
General 1/0 > SSx
General I/0
General I/0 |— »| SCKx
> SDIX 5P| Slave
- sbox  #2
» SSx
»| SCKx
> SDIX 5P| Slave
- sbox  #3
» SSx
2121 SPIMODE REGISTERS During transmission, the SSPxBUF is not buffered. A
. . write to SSPxBUF will write to both SSPxBUF and
The MSSP module has five registers for SPI mode SSPxSR.

operation. These are:

* MSSP STATUS register (SSPxSTAT)
* MSSP Control Register 1 (SSPxCON1)
* MSSP Control Register 3 (SSPxCON3)
* MSSP Data Buffer register (SSPxBUF)
* MSSP Address register (SSPxADD)
* MSSP Shift register (SSPxSR)
(Not directly accessible)
SSPXCON1 and SSPxSTAT are the control and
STATUS registers in SPlI mode operation. The
SSPxCON1 register is readable and writable. The

lower six bits of the SSPxSTAT are read-only. The
upper two bits of the SSPxSTAT are read/write.

In SPI master mode, SSPxADD can be loaded with a
value used in the Baud Rate Generator. More informa-
tion on the Baud Rate Generator is available in
Section21.7 “Baud Rate Generator”.

SSPxSR is the shift register used for shifting data in
and out. SSPxBUF provides indirect access to the
SSPxSR register. SSPxBUF is the buffer register to
which data bytes are written, and from which data
bytes are read.

In receive operations, SSPxSR and SSPxBUF
together create a buffered receiver. When SSPxSR
receives a complete byte, it is transferred to SSPxBUF
and the SSPxIF interrupt is set.

© 2011-2015 Microchip Technology Inc. DS40001609E-page 173
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FIGURE 21-31:

STOP CONDITION RECEIVE OR TRANSMIT MODE

Write to SSPxCON2, __

SCLx = 1 for TBRG, followed by SDAx = 1 for TBRG

Note: TBRG = one Baud Rate Generator period.

set PEN after SDAx sampled high. P bit (SSPxSTAT<4>) is set.
Falling edge of PEN bit (SSPxCON2<2>) is cleared by
9th clock l hardware and the SSPxIF bit is set
|
TBRG |
SCLx N | |
SDAX ACK | |
L P v
“— TBrRG —— TBRG —**— Terc —I
SCLx brought high after TBRG
SDAXx asserted low before rising edge of clock

to setup Stop condition

21.6.10 SLEEP OPERATION

While in Sleep mode, the 1°C slave module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

21.6.11 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

21.6.12 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit of the SSPxSTAT register is
set, or the bus is idle, with both the S and P bits clear.
When the bus is busy, enabling the SSP interrupt will
generate the interrupt when the Stop condition occurs.

In Multi-Master mode, the SDAX line must be monitored
for arbitration to see if the signal level is the expected
output level. This check is performed by hardware with
the result placed in the BCLXIF bit.

The states where arbitration can be lost are:
» Address Transfer

« Data Transfer

« A Start Condition

* A Repeated Start Condition

* An Acknowledge Condition

21.6.13 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS

ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDAX pin, arbitration takes place when the master
outputs a ‘1’ on SDAX, by letting SDAX float high and
another master asserts a ‘0’. When the SCLx pin floats
high, data should be stable. If the expected data on
SDAXx is a ‘1’ and the data sampled on the SDAX pin is
‘0’, then a bus collision has taken place. The master will
set the Bus Collision Interrupt Flag, BCLxIF and reset
the 12C port to its Idle state (Figure 21-32).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDAx and SCLx lines are deasserted and
the SSPxBUF can be written to. When the user ser-
vices the bus collision Interrupt Service Routine and if
the I2C bus is free, the user can resume communica-
tion by asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge condi-
tion was in progress when the bus collision occurred, the
condition is aborted, the SDAx and SCLx lines are deas-
serted and the respective control bits in the SSPxCON2
register are cleared. When the user services the bus col-
lision Interrupt Service Routine and if the 12C bus is free,
the user can resume communication by asserting a Start
condition.

The master will continue to monitor the SDAx and SCLx
pins. If a Stop condition occurs, the SSPxIF bit will be set.

A write to the SSPxBUF will start the transmission of
data at the first data bit, regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the deter-
mination of when the bus is free. Control of the 12C bus
can be taken when the P bit is set in the SSPxSTAT
register, or the bus is idle and the S and P bits are
cleared.

DS40001609E-page 210
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22.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is a serial 1/0
communications peripheral. It contains all the clock
generators, shift registers and data buffers necessary
to perform an input or output serial data transfer
independent of device program execution. The
EUSART, also known as a Serial Communications
Interface (SCI), can be configured as a full-duplex
asynchronous system or half-duplex synchronous
system.  Full-Duplex mode is useful for
communications with peripheral systems, such as CRT
terminals and personal computers. Half-Duplex
Synchronous mode is intended for communications
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs or other microcontrollers.
These devices typically do not have internal clocks for
baud rate generation and require the external clock
signal provided by a master synchronous device.

FIGURE 22-1:

The EUSART module includes the following capabilities:

* Full-duplex asynchronous transmit and receive
» Two-character input buffer

» One-character output buffer

* Programmable 8-bit or 9-bit character length

» Address detection in 9-bit mode

« Input buffer overrun error detection

* Received character framing error detection

» Half-duplex synchronous master

» Half-duplex synchronous slave

* Programmable clock polarity in synchronous
modes

» Sleep operation

The EUSART module implements the following
additional features, making it ideally suited for use in
Local Interconnect Network (LIN) bus systems:

» Automatic detection and calibration of the baud rate

» Wake-up on Break reception

* 13-bit Break character transmit

Block diagrams of the EUSART transmitter and
receiver are shown in Figure 22-1 and Figure 22-2.

The EUSART transmit output (TX_out) is available to
the TX/CK pin and internally to the following peripherals:

» Configurable Logic Cell (CLC)

EUSART TRANSMIT BLOCK DIAGRAM

Data bus

Rev. 10-000113A
1011412013

% TXIE
Interrupt
TXREG register }—» TXIF

TXICK

Pin Buffer @
and Control

Multiplier

SYNC

BRGH

BRG16

e

TX out

-

TX9
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22.4.1 AUTO-BAUD DETECT

The EUSART module supports automatic detection
and calibration of the baud rate.

In the Auto-Baud Detect (ABD) mode, the clock to the
BRG is reversed. Rather than the BRG clocking the
incoming RX signal, the RX signal is timing the BRG.
The Baud Rate Generator is used to time the period of
a received 55h (ASCII “U”) which is the Sync character
for the LIN bus. The unique feature of this character is
that it has five rising edges including the Stop bit edge.

Setting the ABDEN bit of the BAUDCON register starts
the auto-baud calibration sequence (Figure 22-6).
While the ABD sequence takes place, the EUSART
state machine is held in Idle. On the first rising edge of
the receive line, after the Start bit, the SPBRG begins
counting up using the BRG counter clock as shown in
Table 22-6. The fifth rising edge will occur on the RX pin
at the end of the eighth bit period. At that time, an
accumulated value totaling the proper BRG period is
left in the SPBRGH, SPBRGL register pair, the ABDEN
bit is automatically cleared and the RCIF interrupt flag
is set. The value in the RCREG needs to be read to
clear the RCIF interrupt. RCREG content should be
discarded. When calibrating for modes that do not use
the SPBRGH register the user can verify that the
SPBRGL register did not overflow by checking for 00h
in the SPBRGH register.

The BRG auto-baud clock is determined by the BRG16
and BRGH bits as shown in Table 22-6. During ABD,
both the SPBRGH and SPBRGL registers are used as
a 16-bit counter, independent of the BRG16 bit setting.
While calibrating the baud rate period, the SPBRGH

FIGURE 22-6:

AUTOMATIC BAUD RATE CALIBRATION

and SPBRGL registers are clocked at 1/8th the BRG
base clock rate. The resulting byte measurement is the
average bit time when clocked at full speed.

Note 1: If the WUE bit is set with the ABDEN bit,
auto-baud detection will occur on the byte
following the Break character (see
Section22.4.3 “ Auto-Wake-up on
Break”).

2: ltis up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator frequency
and EUSART baud rates are not possible.

3: During the auto-baud process, the
auto-baud counter starts counting at 1.
Upon completion of the auto-baud
sequence, to achieve maximum accuracy,
subtract 1 from the SPBRGH:SPBRGL
register pair.

TABLE 22-6: BRG COUNTER CLOCK RATES
0 0 Fosc/64 Fosc/512
0 1 Fosc/16 Fosc/128
1 0 Fosc/16 Fosc/128
1 1 Fosc/4 Fosc/32

Note: During the ABD sequence, SPBRGL and
SPBRGH registers are both used as a 16-bit
counter, independent of BRG16 setting.

BRG Value XXxxh ¥ 0ooon

OO OO0 OO0

l o Edge #1

Edge #2 Edge #3 'S Edge #4 s IEdge #5

RX pin . Start [bito | bit1 [pit2 | _bit3 bt | bit5 [bite | _bit7 [ Stopbn

BRG Clock

Set by User N !

Pou Auto Cleared

ABDEN bit
RCIDL

RCIF bit ! !

(Interrupt)

Read

RCREG

SPBRGL X . XXh

SPBRGH XXh

Note 1: The ABD sequence requires the EUSART module to be configured in Asynchronous mode.

© 2011-2015 Microchip Technology Inc.
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REGISTER 23-2:

PWMxDCH: PWM DUTY CYCLE HIGH BITS

u = Bit is unchanged x = Bit is unknown

o

Bit is set ‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
PWMxDCH<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

bit 7-0

PWMxDCH<7:0>: PWM Duty Cycle Most Significant bits

These bits are the MSbs of the PWM duty cycle. The two LSbs are found in the PWMxDCL register.

REGISTER 23-3:

PWMxDCL: PWM DUTY CYCLE LOW BITS

R/W-x/u R/W-x/u u-0 u-0 u-0 U-0 uU-0 uU-0
PWMxDCL<7:6> — — — — — —
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’ = Bitis cleared
bit 7-6 PWMxDCL<7:6>: PWM Duty Cycle Least Significant bits
These bits are the LSbs of the PWM duty cycle. The MSbs are found in the PWMxDCH register.
bit 5-0 Unimplemented: Read as ‘0’
TABLE 23-3: SUMMARY OF REGISTERS ASSOCIATED WITH PWM
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Eﬁggztge;
PR2 Timer2 module Period Register 166*
PWM1CON PWM1EN | PWM10E PWM10UT | PWM1POL — — — — 255
PWM1DCH PWM1DCH<7:0> 256
PWM1DCL PWM1DCL<7:6> — — — — — — 256
PWM2CON PWM2EN | PWM20E PWM20OUT | PWM2POL — — — — 255
PWM2DCH PWM2DCH<7:0> 256
PWM2DCL PWM2DCL<7:6> — — — — — — 256
PWM3CON PWMB3EN | PWM3OE PWM3OUT | PWM3POL — — — — 255
PWM3DCH PWM3DCH<7:0> 256
PWM3DCL PWM3DCL<7:6> — — — — — — 256
PWM4CON PWM4EN | PWM40E PWM40OUT | PWM4POL — — — — 255
PWM4DCH PWM4DCH<7:0> 256
PWM4DCL PWM4DCL<7:6> — — — — — — 256
T2CON — | T20UTPS<3:0> TMR20N T2CKPS<1:0> 168
TMR2 Timer2 module Register 166*
TRISA — — TRISAS TRISA4 — TRISA2 TRISA1 TRISAO 109
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 117
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the PWM.

*

1:

Page provides register information.

Note Unimplemented, read as ‘1’.
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REGISTER 24-9: CLCDATA: CLC DATA OUTPUT

u-0 uU-0 u-0 u-0 R-0 R-0 R-0 R-0
— — — — MLC40OUT | MLC30UT MLC20UT | MLC10OUT
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 MLC4OUT: Mirror copy of LC40UT bit
bit 2 MLC3OUT: Mirror copy of LC30UT bit
bit 1 MLC20UT: Mirror copy of LC20UT bit
bit 0 MLC10UT: Mirror copy of LC10OUT bit
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29.0 ELECTRICAL SPECIFICATIONS

29.1 Absolute Maximum Ratings("

Ambient temperature UNder DiaS..........coouiiiiiii s -40°C to +125°C
StOrage tEMPEIATUIE ... ..o e s e e st e e st e e enaeeeeteeeennneeesnneeaneeeanns -65°C to +150°C
Voltage on pins with respect to Vss
on VDD pin
PICTBF 1508/ ...ttt sb ettt be e st e e e e e eneesneean -0.3V to +6.5V
PICTBLET508/9 ...ttt ettt -0.3V to +4.0V
ON IMCLR PN ettt ettt ettt et et e et eee et ee s s e et ee e eees et ene e e et et eeeeeeeesennns -0.3V to +9.0V
ON All OtNET PINS ..o -0.3V to (VDD + 0.3V)

Maximum current
on Vss pin®

SA0°C STA S BB C ottt 250 mA
FB5°C S TA S H125°%C ittt ettt ettt h e bt he e e b e enb e st e e b ne e 85 mA

on Vob pin®
SA0°C STA S HBB C ittt 250 mA
H85°C S TA S HT125°C oottt 85 mA
Sunk by any standard 1/O PiN .......ooouiiiii e 50 mA
Sourced by any standard 1/O PiN ......ooooiii s 50 mA
Clamp current, 1K (VPIN < 0 OF VPIN > VDD) ...coiiuiieiiiiiieiieeeieieeesieeesieae st e e esteeeesmeeeesneeeesneeesneeesanneeeenneeesnes +20 mA
Total power dissipation(z) ............................................................................................................................... 800 mW

Note 1: Maximum current rating requires even load distribution across 1/O pins. Maximum current rating may be
limited by the device package power dissipation characterizations, see Table 29-6 to calculate device
specifications.

2:  Power dissipation is calculated as follows: Pbis = VDD x {IDD — X IoH} + > {(VDD — VOH) x loH} + > (VoI x loL).

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure above maximum rating conditions for
extended periods may affect device reliability.
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TABLE 29-2:  SUPPLY CURRENT (Ipp)(:2)
PIC16LF1508/9 Standard Operating Conditions (unless otherwise stated)
PIC16F1508/9
] Conditions
Pa,\:am' A Device Min. | Typt | Max. | Units
0. Characteristics /DD Note
D010 — 8 20 pA 1.8 |Fosc = 32 kHz,
_ 10 25 pA 3.0 LP Oscillator,
-40°C < TA< +85°C
D010 — 15 31 pA 2.3 |Fosc =32 kHz,
— 17 33 pA 3.0 LP Oscillator,
-40°C<TA< °
— 1 39 A 50 40°C < TA < +85°C
D011 — 60 100 pA 1.8 |Fosc =1 MHz,
_ 100 180 pA 3.0 XT Oscillator
D011 — 100 180 pA 2.3 |Fosc =1 MHz,
_ 130 220 pA 3.0 |XT Oscillator
— 170 280 pA 5.0
D012 — 140 240 pA 1.8 |Fosc =4 MHz,
_ 250 360 pA 3.0 |XT Oscillator
D012 — 210 320 pA 2.3 |Fosc =4 MHz,
_ 280 410 pA 3.0 |XT Oscillator
— 340 500 pA 5.0
D013 — 30 65 pA 1.8 |Fosc =1 MHz,
_ 55 100 uA 3.0 |External Clock (ECM),
Medium Power mode
D013 — 65 110 pA 2.3 |Fosc =1 MHz,
_ 85 140 pA 3.0 |External Clock (ECM),
— 115 190 A 50 Medium Power mode
D014 — 115 190 pA 1.8 |Fosc =4 MHz,
_ 210 310 pA 3.0 |External Clock (ECM),
Medium Power mode
D014 — 180 270 pA 2.3 |Fosc =4 MHz,
_ 240 365 pA 3.0 |External Clock (ECM),
— 295 260 A 50 Medium Power mode
D015 — 3.2 12 pA 1.8 |Fosc = 31 kHz,
— | 54 20 nA 3.0 |LFINTOSC,
-40°C < TA< +85°C
D015 — 13 28 pA 2.3 |Fosc = 31 kHz,
_ 15 30 pA 30 |LFINTOSC,
— 17 36 uA 50 -40°C < TA < +85°C

* 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:

The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave,

from rail-to-rail; all /0 pins tri-stated, pulled to Vss; MCLR = Vbb; WDT disabled.
2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as /O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have

an impact on the current consumption.

3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can
be extended by the formula IR = VDD/2REXT (mA) with REXT in kQ.
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FIGURE 29-10: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
I | !
N
TOCKI | T | [
|= 40 - 41 - [
I
| |
R 42 >
I
| | | |
| | I
T1CKI | | X |
|~ 45 - 46 ~ | |
| | |
I 47 > 49 — |
|
TMRO or |
TMR1 >|<

TABLE 29-11: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

P?\:Zm' Sym. Characteristic Min. Typt | Max. | Units Conditions
40* TTOH TOCKI High Pulse Width No Prescaler | 0.5 Tcy + 20 — — ns
With Prescaler 10 — — ns
41* TTOL TOCKI Low Pulse Width No Prescaler | 0.5 Tcy + 20 — — ns
With Prescaler 10 — — ns
42* TTOP TOCKI Period Greater of: — — ns |N = prescale value
20 or Tey + 40
N
45* TT1H T1CKI High |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, with Prescaler 15 — — ns
Asynchronous 30 — — ns
46* TT1L T1CKI Low |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, with Prescaler 15 — — ns
Asynchronous 30 — — ns
47* TT1P T1CKI Input | Synchronous Greater of: — — ns |N = prescale value
Period 30 or Tey + 40
N
Asynchronous 60 — — ns
48 FT1 Secondary Oscillator Input Frequency Range 324 32.768| 33.1 kHz
(Oscillator enabled by setting bit TTOSCEN)
49* TCKEZTMR1 |Delay from External Clock Edge to Timer 2 Tosc — 7 Tosc — |Timers in Sync
Increment mode

*

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.
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TABLE 29-13: ANALOG-TO-DIGITAL CONVERTER (ADC) CHARACTERISTICS(®:23)

Operating Conditions (unless otherwise stated)
VDD = 3.0V, TA = 25°C
Pa;\:zlm. Sym. Characteristic Min. | Typt | Max. |Units Conditions
ADO1 |NR Resolution — — 10 bit
ADO2 |EIL Integral Error — +1 +1.7 | LSb |VREF = 3.0V
ADO3 |EpL |Differential Error — +1 +1 LSb |No missing codes
VREF = 3.0V
ADO04 |EoFF |Offset Error — +1 +2.5 | LSb |VREF = 3.0V
ADO5 |EGN |Gain Error — +1 +2.0 | LSb |VREF = 3.0V
ADO6 |VREF |Reference Voltage 1.8 — VDD V | VREF = (VRPOS - VRNEG) (Note 4)
ADO7 |VAIN [Full-Scale Range Vss — VREF \%
ADO08 |ZAIN |Recommended Impedance of — — 10 kQ |[Can go higher if external 0.01uF capacitor is
Analog Voltage Source present on input pin.

*

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:Total Absolute Error includes integral, differential, offset and gain errors.
2: The ADC conversion result never decreases with an increase in the input voltage and has no missing codes.
3: See Section 30.0 “DC and AC Characteristics Graphs and Charts” for operating characterization.
4: ADC VREF is selected by ADPREF<0> bit.
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FIGURE 29-18: SPI SLAVE MODE TIMING (CKE = 0)
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Note: Refer to Figure 29-4 for load conditions.

FIGURE 29-19: SPI SLAVE MODE TIMING (CKE = 1)
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Note: Refer to Figure 29-4 for load conditions.
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FIGURE 29-20: I°C BUS START/STOP BITS TIMING

SCL

Start Stop
Condition Condition

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

TABLE 29-20: 1°C BUS START/STOP BITS REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

P?\:?m' Symbol Characteristic Min. | Typ | Max. | Units Conditions
SP90* |Tsu:STA |Start condition 100 kHz mode | 4700 | — — ns |Only relevant for Repeated
Setup time 400 kHzmode | 600 | — | — Start condition
SP91* |THD:STA |Start condition 100 kHz mode | 4000 | — — ns |After this period, the first
Hold time 400 kHz mode | 600 | — | — clock pulse is generated
SP92* |Tsu:sTO |Stop condition 100 kHz mode | 4700 | — — ns
Setup time 400 kHz mode 600 | — —
SP93 |THD:STO |Stop condition 100 kHz mode | 4000 | — — ns
Hold time 400 kHz mode 600 | — —

* These parameters are characterized but not tested.

FIGURE 29-21: I°C BUS DATA TIMING
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Note: Refer to Figure 29-4 for load conditions.
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FIGURE 30-67: COMPARATOR RESPONSE TIME, NORMAL POWER MODE (CxSP =1)
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FIGURE 30-68: COMPARATOR RESPONSE TIME OVER TEMPERATURE,
NORMAL POWER MODE (CxSP =1)
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