Microchip Technology - PIC16LF87T-1/SS Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

10MHz

12C, SPI, UART/USART

Brown-out Detect/Reset, POR, PWM, WDT
16

7KB (4K x 14)

FLASH

256 x 8

368 x 8

2V ~ 5.5V

Internal

-40°C ~ 85°C (TA)

Surface Mount

20-SSOP (0.209", 5.30mm Width)
20-SSOP

https://www.e-xfl.com/product-detail/microchip-technology/pic161f87t-i-ss

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16lf87t-i-ss-4394102
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC16F87/88

FIGURE 1-2: PIC16F88 DEVICE BLOCK DIAGRAM
13 DataBus 8 PORTA
e[ [P Comer <
Program JL RA1/AN1
Memory RAM RA2/AN2/CVREF/VREF-
8 Level Stack File — RA3/AN3/VREF+/C10UT
4K X 14 (13-bit) Registers RA4/ANA4/TOCKI/C20UT
RAS/MCLR/VPP
Program 368x8 RAG/0SC2/CLKO
Bus 4 RAM Addr® RA7/0SCL/CLKI

Instruction reg

PORTB

RBO/INT/CCP1®

%KMM%K@M

2:  The CCP1 pin is determined by the CCPMX bit in Configuration Word 1 register.

‘ Direct Addr 7 Indirect RB1/SDI/SDA
8y Addr RB2/SDO/RX/DT
RB3/PGM/CCP1?
FSR —
RBAISCKISCL
RB5/SS/TX/CK
8 f RB6/AN5/PGC/T10SO/T1CKI
RB7/AN6/PGD/T10SI
Power-up 3
Timer
Instruction Oscillator
Decode & (=21 | Start-up Timer
ALU
Control
Power-on
Reset 8
Timing Watchdog
m Generation 7 Timer
OSC1/CLKI Brown-out
0SC2/CLKO Reset
RA5/MCLR VDD, Vss
Timer2 Timerl Timer0 10-bit A/ID = SSP
AUSART ccp1 Zggtgy'fei Comparators
Note 1: Higher order bits are from the STATUS register.
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PIC16F

87/88

PIC16F88 REGISTER FILE MAP

File
Address
Indirect addr.”?| goh
OPTION_REG| 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
87h
88h
89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
OSCCON 8Fh
OSCTUNE | 90h
91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
TXSTA 98h
SPBRG 99h
9Ah
ANSEL 9Bh
CMCON 9Ch
CVRCON 9Dh
ADRESL 9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
80 Bytes
EFh
FOh
accesses
70h-7Fh
FFh
Bank 1

FIGURE 2-3:
File
Address
Indirect addr.”? | 0oh
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
07h
08h
09h
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
PIR2 0Dh
TMR1L OEh
TMR1H OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPRI1L 15h
CCPR1H 16h
CCP1CON | 17h
RCSTA 18h
TXREG 19h
RCREG 1Ah
1Bh
1Ch
1Dh
ADRESH 1Eh
ADCONO | 1Fh
20h
General
Purpose
Register
96 Bytes
7Fh
Bank O
* Not a physical register.
Note 1:

File
Address
Indirect addr.”? | 100h
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
WDTCON 105h
PORTB 106h
107h
108h
109h
PCLATH 10Ah
INTCON 10Bh
EEDATA 10Ch
EEADR 10Dh
EEDATH 10Eh
EEADRH 10Fh
110h
General
Purpose
Register
16 Bytes
11Fh
120h
General
Purpose
Register
80 Bytes
16Fh
170h
accesses
70h-7Fh
17Fh
Bank 2

O Unimplemented data memory locations, read as ‘0’.

This register is reserved, maintain this register clear.

File
Address
Indirect addr.”) | 180h
OPTION_REG | 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
EECON1 18Ch
EECON2 18Dh
Reserved® | 18Eh
Reserved® | 18Fh
190h
General
Purpose
Register
16 Bytes
19Fh
1A0h
General
Purpose
Register
80 Bytes
1EFh
1FOh
accesses
70h-7Fh
1FFh
Bank 3
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PIC16F87/88

2.2.2.6 PIE2 Register

The PIEZ2 register contains the individual enable bit for
the EEPROM write operation interrupt.

REGISTER 2-6:

bit 7

bit 6

bit 5
bit 4

bit 3-0

PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2 (ADDRESS 8Dh)

R/W-0 R/W-0 u-0 R/W-0 U-0 U-0 U-0 U-0
OSFIE CMIE — EEIE - | -1 -1 =]

bit 7 bit 0

OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enabled

0 = Disabled

CMIE: Comparator Interrupt Enable bit

1 = Enabled

0 = Disabled

Unimplemented: Read as ‘0’

EEIE: EEPROM Write Operation Interrupt Enable bit

1 = Enabled

0 = Disabled

Unimplemented: Read as ‘0’

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ =Bitis cleared  x = Bitis unknown

DS30487D-page 22
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PIC16F87/88

2.3 PCL and PCLATH

The Program Counter (PC) is 13 bits wide. The low
byte comes from the PCL register which is a readable
and writable register. The upper bits (PC<12:8>) are
not readable but are indirectly writable through the
PCLATH register. On any Reset, the upper bits of the
PC will be cleared. Figure 2-4 shows the two situations
for the loading of the PC. The upper example in the
figure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the
figure shows how the PC is loaded during a CALL or
GOTO instruction (PCLATH<4:3> — PCH).

FIGURE 2-4: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 _ 7 O ' Instruction with
PC| | PCLas

PCLATH<4:0>

5
LI T]]

ﬁ 8 Destination
ALU

PCLATH

PCH PCL

12 11 10 8 7 0
PC| | : | coro, caLL

PCLATH<4:3> 11
2 fi:::::ﬂ Opcode <10:0>
LTI

PCLATH

23.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block). Refer to the
application note, AN556, “Implementing a Table Read”.

23.2 STACK

The PIC16F87/88 family has an 8-level deep x 13-bit
wide hardware stack. The stack space is not part of
either program or data space and the Stack Pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an

interrupt address.

24 Program Memory Paging

All PIC16F87/88 devices are capable of addressing a
continuous 8K word block of program memory. The
CALL and GOTO instructions provide only 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is popped
off the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the RETURN
instructions (which POPs the address from the stack).

Note:  The contents of the PCLATH register are
unchanged after a RETURN Or RETFIE
instruction is executed. The user must
rewrite the contents of the PCLATH regis-
ter for any subsequent subroutine calls or
GOTO instructions.

Example 2-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the Interrupt
Service Routine (if interrupts are used).

EXAMPLE 2-1: CALL OF A SUBROUTINE

IN PAGE 1 FROM PAGE 0

ORG 0x500
BCF PCLATH, 4
BSF PCLATH, 3 ;Select page 1
; (800h-FFFh)
CALL SUB1 _P1 ;Call subroutine in
: ;jpage 1 (800h-FFFh)

ORG 0x900 ;page 1 (800h-FFFh)

SUB1 P1
;jcalled subroutine
;page 1 (800h-FFFh)

RETURN ;jreturn to
;Call subroutine
;in page 0
; (000h-7FFh)

© 2002-2013 Microchip Technology Inc.
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PIC16F87/88

FIGURE 4-2: CERAMIC RESONATOR
OPERATION (HS OR XT

OSC CONFIGURATION)

| osc1 PIC16F87/88

a1

[ RES

= osc2|*
| ~—
c2®

Note 1: See Table 4-2 for typical values of C1 and
C2.

2: A series resistor (Rs) may be required.

3: RF varies with the resonator chosen
(typically between 2 MQ to 10 MQ).

TABLE 4-2: CERAMIC RESONATORS
(FOR DESIGN GUIDANCE

ONLY)

Typical Capacitor Values Used:

4.3 External Clock Input

The ECIO Oscillator mode requires an external clock
source to be connected to the OSC1 pin. There is no
oscillator start-up time required after a Power-on
Reset, or after an exit from Sleep mode.

In the ECIO Oscillator mode, the OSC2 pin becomes
an additional general purpose I/O pin. The /O pin
becomes bit 6 of PORTA (RA6). Figure 4-3 shows the
pin connections for the ECIO Oscillator mode.
FIGURE 4-3: EXTERNAL CLOCK INPUT
OPERATION

(ECIO CONFIGURATION)

Clock from «Do—» OSC1/CLKI
Ext. System PIC16F87/88

RA6 < 1/0 (OSC2)

Mode Freq 0OscC1 0osc2
XT 455 kHz 56 pF 56 pF
2.0 MHz 47 pF 47 pF

4.0 MHz 33 pF 33 pF

HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

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

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

See the notes following this table for additional
information.

Note:  When using resonators with frequencies
above 3.5 MHz, the use of HS mode,
rather than XT mode, is recommended.
HS mode may be used at any VDD for
which the controller is rated. If HS is
selected, it is possible that the gain of the
oscillator will overdrive the resonator.
Therefore, a series resistor should be
placed between the OSC2 pin and the
resonator. As a good starting point, the
recommended value of Rs is 330Q.

DS30487D-page 36
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PIC16F87/88

» Clock before switch: One of INTOSC/INTOSC
postscaler (IRCF<2:0> # 000)
1. IRCF bits are modified to a different INTOSC/
INTOSC postscaler frequency.

2. The clock switching circuitry waits for a falling
edge of the current clock, at which point CLKO

is held low.

3. The clock switching circuitry then waits for eight
falling edges of requested clock, after which it
switches CLKO to this new clock source.

4. The IOFS bit is set.

5. Oscillator switchover is complete.

4.6.6

OSCILLATOR DELAY UPON
POWER-UP, WAKE-UP AND
CLOCK SWITCHING

Table 4-3 shows the different delays invoked for
various clock switching sequences. It also shows the
delays invoked for POR and wake-up.

TABLE 4-3: OSCILLATOR DELAY EXAMPLES
Clock Switch
Frequency Oscillator Delay Comments
From To
INTRC 31.25 kHz @
T10SC 32.768 kHz CPU Startup
Sleep/POR | |INTOSC/ 4 q .
INTOSC 125 kHz-8 MHz ms (approx.) 851 Following a wake-up from Sleep mode or
Postscaler CPU Start-up POR, CPU start-up is invoked to allow the
CPU to become ready for code execution.
INTRC/Sleep | EC, RC DC - 20 MHz
INTRC
(31.25 kHz) EC, RC DC - 20 MHz
i 1024 Clock Cycles |Following a change from INTRC, an OST
Sleep LP, XT, HS| 32.768 kHz-20 MHz (OST) of 1024 cycles must occur.
INTOSC/ . s
INTRC Refer to Section 4.6.4 “Modifying the
(31.25 kHz) INTOSC 125 kHz-8 MHz 4 ms (approx.) IRCF Bits” for further details.
Postscaler
Note 1: The 5-10 ps start-up delay is based on a 1 MHz system clock.

DS30487D-page 42
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4.7.2 SEC_RUN MODE

The core and peripherals can be configured to be
clocked by T10SC using a 32.768 kHz crystal. The
crystal must be connected to the TLIOSO and T10SI
pins. This is the same configuration as the low-power
timer circuit (see Section 7.6 “Timerl Oscillator”).
When SCS bits are configured to run from T1OSC, a
clock transition is generated. It will clear the OSTS bit,
switch the system clock from either the primary system
clock or INTRC, depending on the value of SCS<1:0>
and FOSC<2:0>, to the external low-power Timerl
oscillator input (TLOSC) and shut down the primary
system clock to conserve power.

After a clock switch has been executed, the internal Q
clocks are held in the Q1 state until eight falling edge
clocks are counted on the T1OSC. After the eight
clock periods have transpired, the clock input to the Q
clocks is released and operation resumes (see
Figure 4-8). In addition, TLIRUN (In TLCON) is set to
indicate that T1OSC is being used as the system
clock.

Note 1: The T1IOSCEN bit must be enabled and it
is the user’'s responsibility to ensure
T10SC is stable before clock switching to
the T1OSC input clock can occur.

2: When T1OSCEN = 0, the following possible
effects result.

Original | Modified Final
SCS<1:0> | SCS<1:0> SCS<1:0>

00 01 00 — no change

00 11 10 — INTRC

10 11 10 — no change

10 01 00 — Oscillator
defined by
FOSC<2:0>

A clock switching event will occur if the
final state of the SCS bits is different from
the original.

FIGURE 4-8: TIMING DIAGRAM FOR SWITCHING TO SEC_RUN MODE
Q1lQ2lQ3lQ4|Q1 Ql; Q2 1 Q3 Q4,Ql, Q2, Q3 , Q4 ,Q1
AR . Tr1e® . ' X . ' ) : .
Tios_ [/ \ ./ /i ' ' , ' ' | |
o : Tscs® ; : : : ! : ! .
0sC1 ! . ' : : '
Tosc® : : ; Z i Z i :
System 1\ A\ /L /2 N N N N N NV WV A
Clock ' : | \ \ : ! ' ! !
(oo I
SCS<1:.0> ~ | | * 1 ' 1 ' |
Program PC b PC +1 : : : A , PC+2 | APC+3
Counter R R R

Note 1: TT1lp =30.52 ps.
2: Tosc =50 ns minimum.
3: Tscs=8TTlP
4: ToLy =1TrTlp.

DS30487D-page 44
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4.7.3 SEC_RUN/RC_RUN TO PRIMARY
CLOCK SOURCE

When switching from a SEC_RUN or RC_RUN mode
back to the primary system clock, following a change
of SCS<1:0>to ‘00’, the sequence of events that takes
place will depend upon the value of the FOSC bits in
the Configuration register. If the primary clock source
is configured as a crystal (HS, XT or LP), then the tran-
sition will take place after 1024 clock cycles. This is
necessary because the crystal oscillator has been
powered down until the time of the transition. In order
to provide the system with a reliable clock when the
changeover has occurred, the clock will not be
released to the changeover circuit until the 1024 count
has expired.

During the oscillator start-up time, the system clock
comes from the current system clock. Instruction
execution and/or peripheral operation continues using
the currently selected oscillator as the CPU clock
source, until the necessary clock count has expired, to
ensure that the primary system clock is stable.

To know when the OST has expired, the OSTS bit
should be monitored. OSTS = 1 indicates that the
Oscillator Start-up Timer has timed out and the system
clock comes from the primary clock source.

Following the oscillator start-up time, the internal Q
clocks are held in the Q1 state until eight falling edge
clocks are counted from the primary system clock. The
clock input to the Q clocks is then released and opera-
tion resumes with the primary system clock determined
by the FOSC bits (see Figure 4-10).

When in SEC_RUN mode, the act of clearing the
T1OSCEN bit in the T1CON register will cause
SCS<0> to be cleared, which causes the SCS<1:0>
bits to revertto ‘00’ or ‘10’ depending on what SCS<1>
is. Although the TLOSCEN bit was cleared, TLIOSC will
be enabled and instruction execution will continue until
the OST time-out for the main system clock is com-
plete. At that time, the system clock will switch from the
T10OSC to the primary clock or the INTRC. Following
this, the T1 oscillator will be shut down.

Note: If the primary system clock is either RC or
EC, an internal delay timer (5-10 us) will
suspend operation after exiting Secondary
Clock mode to allow the CPU to become
ready for code execution.

4.7.3.1 Returning to Primary Clock Source
Sequence

Changing back to the primary oscillator from
SEC_RUN or RC_RUN can be accomplished by either
changing SCS<1:0> to ‘00’, or clearing the TLOSCEN
bit in the TLCON register (if TLOSC was the secondary
clock).

The sequence of events that follows is the same for
both modes:

1. |If the primary system clock is configured as EC,
RC or INTRC, then the OST time-out is skipped.
Skip to step 3.

2. If the primary system clock is configured as an
external oscillator (HS, XT, LP), then the OST
will be active, waiting for 1024 clocks of the
primary system clock.

3. On the following Q1, the device holds the
system clock in Q1.

4. The device stays in Q1 while eight falling edges
of the primary system clock are counted.

5. Once the eight counts transpire, the device
begins to run from the primary oscillator.

6. If the secondary clock was INTRC and the
primary is not INTRC, the INTRC will be shut
down to save current providing that the INTRC
is not being used for any other function, such as
WDT or Fail-Safe Clock monitoring.

7. If the secondary clock was T10SC, the TILOSC
will continue to run if TLOSCEN is still set;
otherwise, the T1 oscillator will be shut down.

© 2002-2013 Microchip Technology Inc.
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FIGURE 4-9: TIMING FOR TRANSITION BETWEEN SEC_RUN/RC_RUN AND PRIMARY CLOCK

Tr1p® or Tinp(@)

Q4 [ Q1 'Q2,Q3,Q4,Q1,Q2,Q3 Q4

: TosT [ ' : Lo ,
0sC2 : . : . LA .
X Tosc® ! Tscs@ L o
Primary Clock ' e Wl Wl oW a W W e WAl aWe

sysemoock '/ o/ S T\ A e aValaUabalal

SCS<1:0> :X ' ToLy® |
OSTS : E
PCrggmgrl PC_X PC+1 ).( PC+2 X PC + 3
Note TT1lP = 30.52 ps.

1
2: TINP = 32 s typical.

3: Tosc =50 ns minimum.
4: Tscs=8 TINP OR 8 TT1P.
5. ToLY=1TINPOR1 TT1P.
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FIGURE 5-13:

BLOCK DIAGRAM OF RB5/SS/TX/CK PIN

RBPU® VDD
Port/SSPEN p Weak
Pull-up
Data Latch
Data Bus D Q
WR in®
1/0 pin
PORTB CK_\_
TRIS Latch
D Q
WR
TRISB CK_L
"—ﬁ |—< TTL
Input 7
RD TRISB Buffer
Latch
pd Q D
RD PORTB EN Q1
Set RBIF
From other (; Q D
RB7:RB4 pins RD PORTB
EN 03
Peripheral Input

Note 1: /O pins have diode protection to VbD and Vss.

2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.

DS30487D-page 64
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6.3 Using TimerO with an External
Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI, with the internal phase clocks, is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for TOCKI to be high for at least 2 Tosc (and
a small RC delay of 20 ns) and low for at least 2 Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

6.4 Prescaler

There is only one prescaler available, which is mutually
exclusively shared between the TimerO module and the
Watchdog Timer. A prescaler assignment for the
Timer0 module means that the prescaler cannot be
used by the Watchdog Timer and vice versa. This
prescaler is not readable or writable (see Figure 6-1).

REGISTER 6-1:

R/W-1 R/W-1 R/W-1

Note:  Although the prescaler can be assigned to
either the WDT or Timer0, but not both, a
new divide counter is implemented in the
WDT circuit to give multiple WDT time-out
selections. This allows TMRO and WDT to
each have their own scaler. Refer to
Section 15.12 “Watchdog Timer (WDT)”

for further details.

The PSA and PS2:PSO bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When assigned
to WDT, a CLRWDT instruction will clear the prescaler
along with the Watchdog Timer. The prescaler is not
readable or writable.

Note:  Writing to TMRO, when the prescaler is
assigned to TimerO, will clear the
prescaler count but will not change the

prescaler assignment.

OPTION_REG: OPTION CONTROL REGISTER (ADDRESS 81h, 181h)
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RBPU INTEDG TOCS

TosE | Psa | ps2 | ps1 | Pso

bit 7

bit 0

bit 7
bit 6
bit 5

bit 4

bit 3

bit 2-0

RBPU: PORTB Pull-up Enable bit

INTEDG: Interrupt Edge Select bit

TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKO)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module
PS<2:0>: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

000
001
010
011
100
101
110
111

RPRRRRRRER
RPRRRRPRPPEPRE

Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared X = Bit is unknown

Note: To avoid an unintended device Reset, the instruction sequence shown in the "PIC®
Mid-Range MCU Family Reference Manual” (DS33023) must be executed when
changing the prescaler assignment from Timer0 to the WDT. This sequence must
be followed even if the WDT is disabled.

DS30487D-page 68

© 2002-2013 Microchip Technology Inc.



PIC16F87/88

EXAMPLE 6-1: CHANGING THE PRESCALER ASSIGNMENT FROM WDT TO TIMERO

CLRWDT ; Clear WDT and prescaler
BANKSEL OPTION_REG ; Select Bank of OPTION_ REG
MOVLW b'xxxx0xxx' ; Select TMRO, new prescale
MOVWF OPTION_REG ; value and clock source

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMERO

value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3| Bit2 Bitl | BitO all other
POR, BOR
Resets
01h,101h |[TMRO TimerO0 Module Register XXXX XXXX | uuuu uuuu
0Bh,8Bh, [INTCON GIE PEIE | TMROIE | INTOIE | RBIE | TMROIF |INTOIF| RBIF | 0000 000x| 0000 000u
10Bh,18Bh

81h,181h |OPTION_REG RBPU |[INTEDG | TOCS TOSE | PSA PS2 PS1 | PSO |1111 1111 1111 1111
Legend: x =unknown, u = unchanged. Shaded cells are not used by Timer0.

© 2002-2013 Microchip Technology Inc. DS30487D-page 69
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11.3 AUSART Synchronous
Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition, enable bit SPEN (RCSTA<7>) is set in order
to configure the RB5/SS/TX/CK and RB2/SDO/RX/DT
I/O pins to CK (clock) and DT (data) lines, respectively.
The Master mode indicates that the processor trans-
mits the master clock on the CK line. The Master mode
is entered by setting bit CSRC (TXSTA<7>).

11.31 AUSART SYNCHRONOUS MASTER
TRANSMISSION

The AUSART transmitter block diagram is shown in
Figure 11-6. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one TcycLE), the TXREG is empty and
interrupt bit TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit, TRMT
(TXSTA<1>), shows the status of the TSR register.
TRMT is a read-only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty. The TSR is not mapped in data memory,
S0 it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is
stable around the falling edge of the synchronous clock
(Figure 11-9). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 11-10). This is advantageous when slow
baud rates are selected, since the BRG is kept in Reset
when bits TXEN, CREN and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally, when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR, resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to high-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a high-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic, however, is not
reset, although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting, since bit TXEN is still
set. The DT line will immediately switch from High-
Impedance Receive mode to transmit and start driving.
To avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Steps to follow when setting up a synchronous master
transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 11.1 “AUSART Baud Rate
Generator (BRG)").

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.

Enable the transmission by setting bit TXEN.

If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PEIE

(bits 7 and 6) of the INTCON register are set.

o0k w
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The ADRESH:ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is
complete, the result is loaded into the A/D Result register
pair, the GO/DONE bit (ADCONO0<2>) is cleared and
A/D Interrupt Flag bit, ADIF, is set. The block diagram of
the A/D module is shown in Figure 12-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 12.1 “A/D
Acquisition Requirements”. After this sample time
has elapsed, the A/D conversion can be started.

These steps should be followed for doing an A/D
conversion:
1. Configure the A/D module:

» Configure analog/digital I/O (ANSEL)

» Configure voltage reference (ADCONL1)

» Select A/D input channel (ADCONO)

» Select A/D conversion clock (ADCONO)

e Turn on A/D module (ADCONO)

2. Configure A/D interrupt (if desired):
e Clear ADIF bit
« Set ADIE bit
« SET PEIE bit
» Set GIE bit
3. Wait the required acquisition time.
4. Start conversion:
« Set GO/DONE bit (ADCONO)
5. Wait for A/D conversion to complete, by either:

 Polling for the GO/DONE bit to be cleared
(with interrupts disabled); OR
» Waiting for the A/D interrupt
6. Read A/D Result register pair
(ADRESH:ADRESL), clear bit ADIF if required.
7. For next conversion, go to step 1 or step 2 as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before the next acquisition starts.

FIGURE 12-1: A/D BLOCK DIAGRAM
CHS2:CHSO
Z 110 |
. : RB7/AN6/PGD/T10SI
' 101
: : RB6/AN5/PGC/T10SO/TLCKI
1 100 .
' RA4/AN4/TOCKI/C20UT
: 011 .
. : RA3/AN3/VREF+C1OUT
: 010 .
VIN : o : @ RA2/AN2/CVREF/VREF-
(Input Voltage) : 001 .
- \O - @ RA1/ANL
: 000 .
AD AVDD | \o . @ RAO/ANO
Converter e
VREF+ X O/ X
(Reference X o
Voltage) N ] [ o
VCFG1.VCFGO
VREF- : O/O X
(Reference '
Voltage) o
| | AVss
VCFG1:VCFGO
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FIGURE 15-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb THROUGH
PULL-UP RESISTOR)
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MCLR —/:./
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FIGURE 15-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb THROUGH
RC NETWORK): CASE 1
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FIGURE 15-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb THROUGH
RC NETWORK): CASE 2
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FIGURE 15-6: SLOW RISE TIME (MCLR TIED TO Vbb THROUGH RC NETWORK)
; 5V
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15.10

The PIC16F87/88 has up to 12 sources of interrupt.
The Interrupt Control register (INTCON) records
individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

Interrupts

Note: Individual interrupt flag bits are set
regardless of the status of their

corresponding mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>),
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. When bit GIE is enabled and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be
disabled through their corresponding enable bits in
various registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on Reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the
Special Function Register, PIR1. The corresponding
interrupt enable bits are contained in Special Function
Register, PIE1 and the peripheral interrupt enable bit is
contained in Special Function Register, INTCON.

When an interrupt is serviced, the GIE bit is cleared to
disable any further interrupt, the return address is
pushed onto the stack and the PC is loaded with 0004h.
Once in the Interrupt Service Routine, the source(s) of
the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in
software before re-enabling interrupts to avoid
recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends on when the interrupt event occurs, relative to
the current Q cycle. The latency is the same for one or
two cycle instructions. Individual interrupt flag bits are
set regardless of the status of their corresponding
mask bit, PEIE bit or the GIE bit.
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18.2 DC Characteristics: Power-Down and Supply Current
PIC16F87/88 (Industrial, Extended)
PIC16LF87/88 (Industrial) (Continued)

PIC16LF87/88 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial
PICIEEESE ) Operating omperatire.-40°C < Ta & 485-C for mduetial
’ -40°C < TA < +125°C for extended
Pa;\:sm Device Typ Max | Units Conditions
Supply Current (Ipp)@3
PIC16LF87/88| 72 95 pA -40°C
76 90 pA +25°C VDD = 2.0V
76 90 pA +85°C
PIC16LF87/88| 138 175 pA -40°C
136 170 pA +25°C VDD = 3.0V Fosc = 1 MHz
136 | 170 | pA +85°C (RC Oscillator)®
All devices| 310 380 pA -40°C
290 360 pA +25°C
280 | 360 | pA +85°C VeD=5.0v
Extended devices| 330 500 pA 125°C
PIC16LF87/88| 270 335 pA -40°C
280 330 pA +25°C VDD = 2.0V
285 330 pA +85°C
PIC16LF87/88| 460 610 pA -40°C
450 600 pA +25°C VDD = 3.0V Fosc = 4 MHz
450 | 600 | pA +85°C (RC Oscillator)®
All devices| 900 | 1060 pA -40°C
890 | 1050 pA +25°C
890 | 1050 | pA +85°C VoD = 5.0V
Extended devices| .920 15 mA +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, Timer1 Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/0 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 = VDD; 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 19-15: AlPD WDT, -40°C TO +125°C (SLEEP MODE, ALL PERIPHERALS DISABLED)
18
Typical: statistical mean @ 25°C
16 Maximum: mean + 3c (-40°C to +125°C)

Minimum: mean — 3o (-40°C to +125°C)

14
2] /
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FIGURE 19-16: AlPD BOR vs. VDD, -40°C TO +125°C (SLEEP MODE,
BOR ENABLED AT 2.00V-2.16V)
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FIGURE 19-21: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VDD = 3V, -40°C TO +125°C)

3.0
Max (125°C) /
2.5 1 Typical: statistical mean @ 25°C |
Maximum: mean + 3o (-40°C to +125°C)
Minimum: mean — 3¢ (-40°C to +125°C)
2.0
>
o 1.5
S
Max (85°C)
1.0 -~
Typ (25°C)
0.5
Min (-40°C)
0.0 "
0 5 10 15 20 25
loL (-mA)

FIGURE 19-22: MINIMUM AND MAXIMUM VIN vs. VDD (TTL INPUT, -40°C TO +125°C)
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N
Device: PIC16F87/88 Literature Number: DS30487D

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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