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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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FIGURE 5-9: BLOCK DIAGRAM OF RB1/SDI/SDA PIN
12C™ Mode
Port/SSPEN Select
SDA Output
1
- VDD
RBPU® E’Weak
% P Pull-up
VDD
Data Bus Dsta Lat_Ch
e o S HE
PORTB
“ X
_3 in@
N 1/0 pin
Vss
TRIS Latch
D Q
WR
TRISB K\ 3
‘
RD TRISB
TTL
SDA Dri Input
et \/
\/‘I\I Q D
RD PORTB
EN

Sﬁrf]f?rm Trigger RD PORTB
spA® \

SDI \

Note 1: /O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
3:  The SDA Schmitt conforms to the 12C specification.
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6.0 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

* Readable and writable

« 8-bit software programmable prescaler

« Internal or external clock select

* Interrupt-on-overflow from FFh to 00h

» Edge select for external clock

Additional information on the Timer0 module is

available in the “PIC® Mid-Range MCU Family Refer-
ence Manual” (DS33023).

Figure 6-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

6.1

Timer0 operation is controlled through the
OPTION_REG register (see Register 2-2). Timer mode
is selected by clearing bit TOCS (OPTION_REG<5>).
In Timer mode, the Timer0 module will increment every
instruction cycle (without prescaler). If the TMRO regis-
ter is written, the increment is inhibited for the following
two instruction cycles. The user can work around this
by writing an adjusted value to the TMRO register.

Timer0 Operation

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will incre-
ment, either on every rising or falling edge of pin RA4/
TOCKI/C20UT. The incrementing edge is determined by
the Timer0 Source Edge Select bit, TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the rising
edge. Restrictions on the external clock input are
discussed in detail in Section 6.3 “Using TimerO with
an External Clock”.

The prescaler is mutually, exclusively shared between
the Timer0 module and the Watchdog Timer. The
prescaler is not readable or writable. Section 6.4
“Prescaler” details the operation of the prescaler.

6.2

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TMROIF (INTCON<2>). The interrupt can be masked
by clearing bit TMROIE (INTCON<5>). Bit TMROIF
must be cleared in software by the Timer0 module
Interrupt Service Routine before re-enabling this inter-
rupt. The TMRO interrupt cannot awaken the processor
from Sleep, since the timer is shut off during Sleep.

TimerO Interrupt

FIGURE 6-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKO (= Fosc/4) Data Bus
Y 8
0 “Lj' 1 )‘(
X M Sync
u - 2 TMRO reg
1 0
RA4/TOCKI/C20UT X Cycles
pin
TOSE *
Tocs SA Set Flag bit TMROIF
on Overflow
Prescaler
r——— - - - - - — — — = A
0 | o] &bitprescal |
F— - — — — — — 7 M -bit Prescaler
| WDT Timer | U | |
. 1| X | |
| |31.25kHz [— _ 16Dt {4
Prescaler | |
| * | T | 8-to-1 MUX —— PS2:PSO |
| WDT Enable bit | PSA L — — — 4+ — — — — — — — -
L - - - - — - -
0 ‘ 1
MUX <——PSA
WDT
Time-out

Note: TOCS, TOSE, PSA and PS2:PS0 bits are (OPTION_REG<5:0>).
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7.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L) which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMRL1 interrupt, if enabled,
is generated on overflow which is latched in interrupt
flag bit, TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit, TMR1IE (PIE1<0>).

The Timerl oscillator can be used as a secondary clock
source in low-power modes. When the TIRUN bit is set
along with SCS<1:0> = 01, the Timerl oscillator is pro-
viding the system clock. If the Fail-Safe Clock Monitor is
enabled and the Timerl oscillator fails while providing
the system clock, polling the TIRUN bit will indicate
whether the clock is being provided by the Timerl
oscillator or another source.

Timerl can also be used to provide Real-Time Clock
(RTC) functionality to applications with only a minimal
addition of external components and code overhead.

7.1 Timerl Operation

Timerl can operate in one of three modes:

e asa Timer
e as a Synchronous Counter
« as an Asynchronous Counter

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

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

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

Timerl also has an internal “Reset input”. This Reset
can be generated by the CCP1 module as the special
event trigger (see Section 9.1 “Capture Mode").
Register 7-1 shows the Timerl Control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RB6/PGC/T10SO/T1CKI and RB7/PGD/
T10SI pins become inputs. That is, the TRISB<7:6>
value is ignored and these pins read as ‘0.

Additional information on timer modules is available in
the “PIC® Mid-Range MCU Family Reference Manual”
(DS33023).

© 2002-2013 Microchip Technology Inc.
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REGISTER 7-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

u-0 R-0 RIW-0 RIW-0 RW-0 RMW-0 RMW-0 RMW-0
— TIRUN | TICKPS1 | T1CKPSO | TLOSCEN | TISYNC | TMR1CS | TMRION |
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6 T1RUN: Timerl System Clock Status bit

1 = System clock is derived from Timer1 oscillator
0 = System clock is derived from another source
bit 5-4 T1CKPS<1:0>: Timerl Input Clock Prescale Select bits
11 =1:8 Prescale value
10 =1:4 Prescale value
01 =1:2 Prescale value
00 =1:1 Prescale value
bit 3 T1OSCEN: Timerl Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input

TMRICS = 0:
This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RB6/AN5(Y)/PGC/T10SO/T1CKI (on the rising edge)
0 = Internal clock (Fosc/4)
Note 1: Available on PIC16F88 devices only.

bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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7.6 Timerl Oscillator

A crystal oscillator circuit is built between pins T10SI
(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 32.768 kHz. It
will continue to run during all power-managed modes.
It is primarily intended for a 32 kHz crystal. The circuit
for a typical LP oscillator is shown in Figure 7-3.
Table 7-1 shows the capacitor selection for the Timerl
oscillator.

The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 7-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 Cc2
LP 32 kHz 33 pF 33 pF

Note:  The Timerl oscillator shares the T10SI
and T10SO pins with the PGD and PGC
pins used for programming and
debugging.

When using the Timerl oscillator, In-Circuit
Serial Programming™ (ICSP™) may not
function correctly (high voltage or low
voltage), or the In-Circuit Debugger (ICD)
may not communicate with the controller.
As a result of using either ICSP or ICD, the
Timer1 crystal may be damaged.

If ICSP or ICD operations are required, the
crystal should be disconnected from the
circuit (disconnect either lead) or installed
after programming. The oscillator loading
capacitors may remain in-circuit during

Note 1: Microchip suggests this value as a starting
point in validating the oscillator circuit.

2: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Capacitor values are for design guidance

only.

ICSP or ICD operation.

FIGURE 7-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR
C1 PIC16F87/88
33 pF
f I T10SI
— XTAL
— 32.768 kHz
I X T10SO
c2
33 pF
Note: See the Notes with Table 7-1 for additional
information about capacitor selection.

7.7 Timerl Oscillator Layout
Considerations

The Timerl oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.

The oscillator circuit, shown in Figure 7-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the oscilla-
tor, a grounded guard ring around the oscillator circuit,
as shown in Figure 7-4, may be helpful when used on
a single-sided PCB or in addition to a ground plane.
FIGURE 7-4: OSCILLATOR CIRCUIT
WITH GROUNDED
GUARD RING

(W Vss

——O | osct
+—+—() J osc2

H—O N rB6

O Rss
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REGISTER 8-1: 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 TOUTPS<3:0>: 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 T2CKPS<1:0>: 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 ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

value on Value on
Address Name |Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR Resets

0Bh, 8Bh, |[INTCON| GIE PEIE TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF |0000 000x|0000 000u
10Bh, 18Bh

0Ch PIR1 — | ADIF® RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF [-000 0000|-000 0000
8Ch PIE1 — | ADIE® RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE [-000 0000(-000 0000
11h TMR2 [Timer2 Module Register 0000 0000|0000 0000
12h T2CON | — |TOUTPS3|TOUTPS2| TOUTPS1|TOUTPSO|TMR20ON | T2CKPS1|T2CKPS0|-000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 11111111 1111

Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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9.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the CCP1 pin is:

« Driven high

 Driven low

« Remains unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit, CCP1IF, is set.

FIGURE 9-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM
Special Event Trigger
Set Flag bit CCP1IF
(PIR1<2>)
@ Sl
CCP1 pin R L Logic |~ Match p
Output Enable  ccp1CON<3:0> TMRAA| TMRIL

Mode Select

Special Event Trigger will:

* Reset Timerl but not set interrupt flag bit, TMR1IF
(PIR1<0>)

« Set bit GO/DONE (ADCONO0<2>) which starts an A/D
conversion

9.2.1 CCP PIN CONFIGURATION

The user must configure the CCP1 pin as an output by
clearing the TRISB<x> hit.

Note 1: Clearing the CCP1CON register will force
the CCP1 compare output latch to the
default low level. This is not the data
latch.

2: The TRISB bit (0 or 3) is dependent upon
the setting of configuration bit 12

(CCPMX).

9.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

9.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen, the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

9.24 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
that may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMRL1 register pair and starts an A/D conversion (if the
A/D module is enabled). This allows the CCPR1

register to effectively be a 16-bit programmable period
register for Timer1l.

Note:  The special event trigger from the CCP1
module will not set interrupt flag bit
TMR1IF (PIR1<0>).

TABLE 9-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1
value on Value on
Address Name Bit7| Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
0Bh,8Bh INTCON GIE | PEIE | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF (0000 000x|0000 000u
10BH,18Bh
0Ch PIR1 — | ADIF® RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF [-000 0000|-000 0000
8Ch PIE1 — |ADIE®| RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE [-000 0000|-000 0000
86h TRISB PORTB Data Direction Register 1111 1111|1111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
10h TicoN | — [T1RUN|[TiCKPS1|T1CKPSO|T10SCEN |TISYNC [TMR1CS|TMRION |-000 0000]-uuu wuuu
15h CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX|uuuu uuuu
17h ccpicoN| — | — [ ccpix | ccPiy | ccPim3 [ccPiM2|cCPIM1| CCPIMO|--00 0000]--00 0000

Legend: x =unknown, u =unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by Capture and Timer1.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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REGISTER 10-2:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON: SYNCHRONOUS SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RW-0  RW-0  RMW-0 RW-0  RW-O RWO RW-0 RMWO
wcoL | sspov |ssPEN® |  ckP | ssPM3 | ssPM2 | ssPM1 | SSPmo |
bit 7 bit 0

WCOL: Write Collision Detect bit

1 = An attempt to write the SSPBUF register failed because the SSP module is busy
(must be cleared in software)

0 = No collision

SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = Anew 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

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

Note 1: In both modes, when enabled, these pins must be properly configured as input or
output.

CKP: Clock Polarity Select bit

In SPI mode:

1 = Transmit happens on falling edge, receive on rising edge. Idle state for clock is a high level.
0 = Transmit happens on rising edge, receive on falling edge. Idle state for clock is a low level.
In 12C Slave mode:

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch). (Used to ensure data setup time.)

SSPM<3:0>: Synchronous Serial Port Mode Select bits

0000 = SPI Master mode, clock = OSC/4

0001 = SPI Master mode, clock = OSC/16

0010 = SPI Master mode, clock = OSC/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 1/O pin.
0110 = I°C Slave mode, 7-bit address

0111 = I°C Slave mode, 10-bit address

1011 = IC Firmware Controlled Master mode (Slave Idle)

1110 = I°C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1111 = IC Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1000,1001,1010,1100, 1101 = Reserved

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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TABLE 11-5: INTRC BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
Fosc =8 MHz Fosc =4 MHz Fosc =2 MHz Fosc =1 MHz

BAUD

RATE % SPBRG % SPBRG % SPBRG % SPBRG
(K) | kBauD ERROR ,Y@Ue | ypauD ERROR , YalU® |y paup ERROR . YAU® |ypauD ERROR |, value

(decimal) (decimal) (decimal) (decimal)
0.3 NA — — 0.300 0 207 0.300 0 103 0.300 0 51
1.2 1.202 +0.16 103 1.202 +0.16 51 1202  +0.16 25 1202 +0.16 12
2.4 2.404 +0.16 51 2.404 +0.16 25 2404  +0.16 12 2.232 -6.99 6
9.6 9.615 +0.16 12 8.929 -6.99 6 10.417  +8.51 2 NA — —
19.2 | 17.857  -6.99 6 20.833  +851 2 NA — — NA — —
288 | 31.250  +851 3 31.250  +8.51 1 31250  +8.51 0 NA — —
384 | 41.667  +851 2 NA — — NA — — NA — —
576 | 62500  +8.51 1 62.500 8.51 0 NA — — NA — —
TABLE 11-6: INTRC BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
Fosc = 8 MHz Fosc = 4 MHz Fosc = 2 MHz Fosc = 1 MHz
BAUD
it % Ve % Ve % e % Ve
KBAUD ERROR ( nit | KBAUD ERROR ot n | KBAUD ERROR (i | KBAUD ERROR (j tii

0.3 NA — — NA — — NA — — 0.300 0 207
1.2 NA — — 1.202 +0.16 207 1202  +0.16 103 1202 +0.16 51
2.4 2.404 +0.16 207 2.404 +0.16 103 2.404  +0.16 51 2.404  +0.16 25
9.6 9.615 +0.16 51 9.615 +0.16 25 9.615  +0.16 12 8.929 -6.99 6
192 | 19231  +0.16 25 19.231  +0.16 12 17.857  -6.99 6 20.833  +851 2
288 | 29412  +2.12 16 27778  -355 8 31250  +8.51 3 31250 +851 1
384 | 38462  +0.16 12 35714  -6.99 6 41667  +851 2 NA — —
576 | 55556  -3.55 8 62500  +8.51 3 62500  +8.51 1 62500  +8.51 0
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11.2.2 AUSART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 11-4.
The data is received on the RB2/SDO/RX/DT pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter, operating at x16 times
the baud rate; whereas, the main receive serial shifter
operates at the bit rate or at Fosc.

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

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

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

FIGURE 11-4: AUSART RECEIVE BLOCK DIAGRAM
x64 Baud Rate CLK
Fosc - T T
—_— SPBRG R A K R
1 J +g§ ' MSb RSR Register LSb
Baud Rate Generator +16 w{Stop |8)| 7| eee |1|0]|SEANE |:
RB2/SDO/RX/DT s T
Pin Buffer Data RX9
and Control Recovery [

SPEN

Interrupt

RX9D| RCREG Register
FIFO

S S
RCIE Data Bus

FIGURE 11-5:

ASYNCHRONOUS RECEPTION

Start

Rcv Shift

RX pin Start Start
it (bito)oie 1S Vit 778/ Stop \ bt JETY B CWTZET

bit 6@@ 71/ Stop

causing the OERR (Overrun) bit to be set.

R . C M C M ( i
Rg\? Buffer Reg ) T ) Word 2 T ) :
X RCREG !
Read Rev C - C C 101
Buffer Reg )7 T DD JJ X
RCREG Z : ’)
' C (C '
RCIF C '
(Interrupt Flag) )J I ’J . X
i C CC CC —
OERR bit 3 D) Py
CREN CCQ CQ S 3
3 D) J)J |

Note:  This timing diagram shows three words appearing on the RX input. The RCREG (Receive Buffer) is read after the third word,
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11.2.3 SETTING UP 9-BIT MODE WITH * Flag bit RCIF will be set when reception is
ADDRESS DETECT complete and an interrupt will be generated if

enable bit RCIE was set.

* Read the RCSTA register to get the ninth bit and
determine if any error occurred during reception.

* Read the 8-bit received data by reading the
RCREG register to determine if the device is
being addressed.

« If any error occurred, clear the error by clearing
enable bit CREN.

« |f the device has been addressed, clear the

When setting up an asynchronous reception with
address detect enabled:
« Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH.
« Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.
« If interrupts are desired, then set enable bit RCIE.

* Set bit RX9 to enable 9-bit reception. ADDEN bit to allow data bytes and address bytes
» Set ADDEN to enable address detect. to be read into the receive buffer and interrupt the
« Enable the reception by setting enable bit CREN. CPU.
FIGURE 11-6: AUSART RECEIVE BLOCK DIAGRAM
,._X64BaudRae CLK ‘ OERR | FERR
: : CREN
Fosc . \ l T T
, SPBRG Yo,
: : ~ 64 MSb RSR Register LSb
_________________ or ! !
Baud Rate Generator =16 — wlstop |®)| 7| eee |1]0|start :
RB2/SDO/RX/DT
Pin Buffer Dat
and Control Rec?)\?ery _ RX9
8
SPEN
RX9 Enable
ADDEN Load of S 7 ’&7
Receive
RX9
ADDEN Buffer
RSR<8> 8
RX9D RCREG Register
FIFO
8
e
Interrupt Data Bus

RCIE
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13.7 Comparator Operation During
Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered up, higher Sleep
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the com-
parator specifications. To minimize power consumption
while in Sleep mode, turn off the comparators,
CM<2:0> =111, before entering Sleep. If the device
wakes up from Sleep, the contents of the CMCON
register are not affected.

13.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state, causing the comparator module to be in the
Comparator Off mode, CM<2:0> = 111.

FIGURE 13-4: ANALOG INPUT MODEL

13.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 13-4. Since the analog pins are connected to a
digital output, they have reverse biased 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 forward biased and a latch-up condition may
occur. A maximum source impedance of 10 kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

VDD

VT =0.6V RIC

ILEAKAGE
+500 nA

VT =0.6V %)
-

Leakage Current at the pin due to various junctions

Legend: CPIN = Input Capacitance
\a) = Threshold Voltage
ILEAKAGE =
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage

Vss

© 2002-2013 Microchip Technology Inc.

DS30487D-page 125



PIC16F87/88

TABLE 13-1: REGISTERS ASSOCIATED WITH THE COMPARATOR MODULE
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR
Resets
9Ch CMCON C20UT | C10UT | C2INV | C1INV CIs CM2 CM1 CMO | 0000 0111|0000 0111
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 | CVR2 CVR1 CVRO [ 000- 0000 |000- 0000
0Bh, 8Bh, [INTCON GIE PEIE TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
0Dh PIR2 OSFIF CMIF — EEIF — — — — 00-0 ----100-0 ----
8Dh PIE2 OSFIE CMIE — EEIE — — — — 00-0 ----[00-0 ----
05h PORTA RA7 RAG6 RAS5 RA4 RA3 RA2 RA1 RAO
(PIC16F87) xxxx 0000 |uuuu 0000
(PIC16F88) xxx0 0000 [uuud 0000
85h TRISA TRISA7 | TRISA6 | TRISASY | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | 1111 1111|1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the comparator module.

Note 1:

Pin 5 is an input only; the state of the TRISAS bit has no effect and will always read ‘1’.

DS30487D-page 126

© 2002-2013 Microchip Technology Inc.




PIC16F87/88

18.1 DC Characteristics: Supply Voltage
PIC16F87/88 (Industrial, Extended)
PIC16LF87/88 (Industrial)

PIC16LF87/88 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC16E87/88 Standgrd Operating Conditions Sunless othezmse _stated)_
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
Pa;\:gm Symbol Characteristic Min Typ Max | Units Conditions
VDD Supply Voltage
D001 PIC16LF87/88| 2.0 — 55 \Y HS, XT, RC and LP Oscillator mode
D001 PIC16F87/88| 4.0 — 55 Y
D002 VDR RAM Data Retention 15 — — \%
Voltage®
D003 VPOR VDD Start Voltage — — 0.7 \Y See Section 15.4 “Power-on Reset (POR)”
to ensure internal for details
Power-on Reset signal
D004 SvbD VDD Rise Rate 0.05 — — V/ms |See Section 15.4 “Power-on Reset (POR)”
to ensure internal for details
Power-on Reset signal
VBOR Brown-out Reset Voltage
D005 PIC16LF87/88| 3.65 — 4.35 \Y
D005 PIC16F87/88| 3.65 — 4.35 \Y FMAX = 14 MHz®?

Legend: Shading of rows is to assist in readability of the table.
Note 1: Thisis the limit to which VDD can be lowered in Sleep mode, or during a device Reset, without losing RAM data.
2:  When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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18.2 DC Characteristics: Power-Down and Supply Current
PIC16F87/88 (Industrial, Extended)
PIC16LF87/88 (Industrial)
PIC16LF87/88 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial

PIC16F87/88
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Pa;\:sm Device Typ Max | Units Conditions
Power-Down Current (Ipp)®)

PIC16LF87/88| 0.1 0.4 pA -40°C

0.1 0.4 pA +25°C VDD = 2.0V
0.4 15 pA +85°C
PIC16LF87/88| 0.3 0.5 pA -40°C

0.3 0.5 pA +25°C VDD = 3.0V
0.7 1.7 pA +85°C
All devices| 0.6 1.0 pA -40°C
0.6 1.0 pA +25°C

VDD = 5.0V
1.2 5.0 pA +85°C
Extended devices| 6 28 pA +125°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta
current disabled (such as WDT, Timerl Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VbD; WDT enabled/disabled as specified.
3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated

by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
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FIGURE 18-8:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI / |

:4— 40 —»I " 41 -
|- 42 —:
II | |
f | Vi |
RB6/T10SO/T1CKI | | ! |
| < 45 ,! ! - 46 ,! : |
!~ 47 > 48 —:
TMRO or TMR1 l [
I
Note: Refer to Figure 18-3 for load conditions. |
TABLE 18-6: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pi{gm Symbol Characteristic Min Typt | Max | Units Conditions
40* TtOH TOCKI High Pulse Width No Prescaler | 0.5 Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |Parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |Parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler | Greater of: — — ns |N = prescale value
20 or Tcy + 40 2,4, .., 256)
N
45* Tt1H T1CKI High |Synchronous, Prescaler =1 0.5Tcy +20 — — ns |Must also meet
Time Synchronous, PIC16F87/88 15 — | — | ns |parameter47
Prescaler =2, 4, 8|p|c16LFg7/88 25 — | — | ns
Asynchronous PIC16F87/88 30 — — ns
PIC16LF87/88 50 — — ns
46* TtlL T1CKI Low |Synchronous, Prescaler =1 0.5Tcy +20 — — ns |Must also meet
Time Synchronous, PIC16F87/88 15 — | — | ns |parameter47
Prescaler =2, 4, 8|p|c16LFg7/88 25 — | — | ns
Asynchronous PIC16F87/88 30 — — ns
PIC16LF87/88 50 — — ns
47* Tt1P T1CKI Input |Synchronous PIC16F87/88 Greater of: — — ns |N = prescale value
Period 30 or Tcy + 40 (1, 2,4,8)
N
PIC16LF87/88| Greater of: N = prescale value
50 or Tcy + 40 1,2,4,8)
N
Asynchronous PIC16F87/88 60 — — ns
PIC16LF87/88 100 — — ns
Ftl Timerl Oscillator Input Frequency Range DC — |32.768| kHz
(Oscillator enabled by setting bit TLOSCEN)
48 TCKEZtmrl|Delay from External Clock Edge to Timer Increment 2 Tosc — |7Tosc| —

* These parameters are characterized but not tested.

t Data in “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 19-13: AVERAGE Fosc vs. VDb FOR VARIOUS VALUES OF R
(RC MODE, C = 300 pF, +25°C)
0.9
0.8 {
3.3 kOhm
> / \ \
\
06 —~
5.1 kOhm
¥ 051
= ]
g
L 0.4 1
\ 10 kOhm
0.3 \
0.2 {
0.1 {
— 100 kOhm
0.0 ; ; ;
2.0 25 3.0 35 4.0 4.5 5.0 5.5
VoD (V)
FIGURE 19-14: AlPD TIMER1 OSCILLATOR, -10°C TO +70°C (SLEEP MODE,
TMR1 COUNTER DISABLED)
5.0
2 /
Max (-10°C to +70°C)
4.0

_—

/

3.5 1 /
3.0 /
/
/

Typ (+25°C)
é - //—'
o % /
o
2.0
15
Typical: statistical mean @ 25°C
1.0 4 Maximum: mean + 3c (-40°C to +125°C)
Minimum: mean — 3o (-40°C to +125°C)
0.5
0.0 ; ; "
2.0 2.5 3.0 35 4.0 4.5 5.0 55

VDD (V)
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18-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

—>| |<— Gx

oI

——-HUDDDUDU

RECOMMENDED LAND PATTERN

Y

e SILK

SCREEN

Units MILLIMETERS

Dimension Limits]  MIN [ NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 9.40
Contact Pad Width X 0.60
Contact Pad Length Y 2.00
Distance Between Pads Gx 0.67
Distance Between Pads G 7.40

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2051A
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NOTES:
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