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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION
. PDIP | PLCC | TQFP | QFN | I/O/P Buffer -
Pin Name Pin# | Pin# | Pin# | Pin# | Type Type Description
OSC1/CLKI 13 14 30 32 sT/cMos® |Oscillator crystal or external clock input.

OoscC1 | Oscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.

CLKI | External clock source input. Always associated
with pin function OSC1 (see OSC1/CLKI,
OSC2/CLKO pins).

OSC2/CLKO 14 15 31 33 — Oscillator crystal or clock output.

0sc2 O Oscillator crystal output.

Connects to crystal or resonator in Crystal
Oscillator mode.

CLKO O In RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

MCLR/VpPpP 1 2 18 18 ST Master Clear (input) or programming voltage (output).

MCLR | Master Clear (Reset) input. This pin is an active
low Reset to the device.

VPP P Programming voltage input.

PORTA is a bidirectional /O port.

RAO/ANO 2 3 19 19 TTL

RAO 110 Digital I/O.

ANO | Analog input 0.
RA1/AN1 3 4 20 20 TTL

RA1 lfe} Digital I/O.

AN1 | Analog input 1.
RA2/AN2/VREF-/ICVREF| 4 5 21 21 TTL

RA2 110 Digital I/O.

AN2 | Analog input 2.

VREF- | A/D reference voltage (Low) input.

CVREF O Comparator VREF output.

RA3/AN3/VREF+ 5 6 22 22 TTL

RA3 110 Digital I/O.

AN3 | Analog input 3.

VREF+ | A/D reference voltage (High) input.

RA4/TOCKI/C1OUT 6 7 23 23 ST

RA4 1/0 Digital 1/0 — Open-drain when configured as
output.

TOCKI | Timer0 external clock input.

ClouT O Comparator 1 output.

RA5/AN4/SS/C20UT 7 8 24 24 TTL

RA5 110 Digital I/O.

AN4 | Analog input 4.

SS | SPI slave select input.

C20uUT (@] Comparator 2 output.

Legend: | =input O = output I/0 = input/output P = power
— =Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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PIC16F87XA

2.2.2.8 PCON Register Note:  BOR is unknown on Power-on Reset. It
The Power Control (PCON) register contains flag bits must be set by the user and checked on
to allow differentiation between a Power-on Reset subsequent Resets to see if BOR is clear,
(POR), a Brown-out Reset (BOR), a Watchdog Reset indicating a brown-out has occurred. The
(WDT) and an external MCLR Reset. BOR status bit is a “don’t care” and is not
predictable if the brown-out circuit is dis-
abled (by clearing the BODEN bhit in the
configuration word).
REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
u-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0 R/W-1
arEEE | — — POR BOR
bit 7 bit 0
bit 7-2 Unimplemented: Read as ‘0’

bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Legend:
R = Readable bit W = Writable bit
- n = Value at POR ‘1’ = Bit is set

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

© 2001-2013 Microchip Technology Inc.
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FIGURE 4-2:

BLOCK DIAGRAM OF RA4/TOCKI PIN
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Note 1: 1/O pin has protection diodes to Vss only.

FIGURE 4-3:

BLOCK DIAGRAM OF RA5 PIN
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Note 1: 1/O pin has protection diodes to VDD and Vss.
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TABLE 4-3: PORTB FUNCTIONS
Name Bit# Buffer Function
RBO/INT bit 0 TTLISTD Input/output pin or external interrupt input. Internal software programmable
weak pull-up.
RB1 bit 1 TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit 2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3/PGM® | it 3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.
RB4 bit 4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB5 bit 5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB6/PGC bit 6 TTLST® Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming clock.
RB7/PGD bit 7 TTLST® Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming data.
Legend: TTL =TTL input, ST = Schmitt Trigger input

Note 1:

This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode or in-circuit debugger.
3. Low-Voltage ICSP Programming (LVP) is enabled by default which disables the RB3 I/O function. LVP

must be disabled to enable RB3 as an I/0 pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

TABLE 4-4. SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 ’ all other
POR, BOR
Resets
06h, 106h |PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBO |xxxx xxxxX|uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111{1111 1111
81h, 181h |OPTION_REG | RBPU | INTEDG | T0CS | TOSE | PSA | PS2 | Ps1 | PSO |1111 11111111 1111
Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.

© 2001-2013 Microchip Technology Inc.

DS39582C-page 45




PIC16F87XA

8.2 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 RC2/CCP1 pin is:

« Driven high

 Driven low

« Remains unchanged

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

bits, CCP1M3:CCP1MO (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:

reset Timerl, but not set interrupt flag bit TMR1IF (PIR1<0>)
and set bit GO/DONE (ADCONO0<2>).

FIGURE 8-2:

Special Event Trigger

Set Flag bit CCP1IF

(PIR1<2>)
RC2/CCP1
1c cchchcPRlL
© S[] Qutnut
R Logic Match
s A
TRISC<2> TMR1H | TMRIL
Output Enable  ccp1CON<3:0>

Mode Select

8.2.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an
output by clearing the TRISC<2> bit.

Note:  Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to
the default low level. This is not the
PORTC /O data latch.

8.2.2 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.

8.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF bit is set, causing
a CCP interrupt (if enabled).

8.24 SPECIAL EVENT TRIGGER

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

The special event trigger output of CCP1 resets the
TMRL1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special event trigger output of CCP2 resets the
TMRL1 register pair and starts an A/D conversion (if the
A/D module is enabled).

Note:  The special event trigger from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).
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9.4  1°C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on Start and Stop bits in
hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

 Serial clock (SCL) — RC3/SCK/SCL
« Serial data (SDA) — RC4/SDI/SDA

The user must configure these pins as inputs or outputs
through the TRISC<4:3> bits.

FIGURE 9-7: MSSP BLOCK DIAGRAM
(1°C MODE)
< Internal
Data Bus
Read ﬁ% Write
RC3/SCK/SCL | SSPBUF reg |

XF Shift ’
Clock
E <I<—| SSPSR reg
RC4/SDI/ MSb Lsb
SDA ._I>

‘ Match Detect }—» Addr Match

i

‘ SSPADD reg ‘
Start and Set, Reset
Stop bit Detect ™ S, P bits
(SSPSTAT reg)

94.1 REGISTERS

The MSSP module has six registers for 1°C operation.
These are:

* MSSP Control Register (SSPCON)

* MSSP Control Register 2 (SSPCON2)

« MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON, SSPCON2 and SSPSTAT are the control
and status registers in 1°C mode operation. The
SSPCON and SSPCON?2 registers are readable and
writable. The lower six bits of the SSPSTAT are
read-only. The upper two bits of the SSPSTAT are
read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

SSPADD register holds the slave device address
when the SSP is configured in 12C Slave mode. When
the SSP is configured in Master mode, the lower
seven bits of SSPADD act as the baud rate generator
reload value.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

DS39582C-page 80
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9.4.7 BAUD RATE GENERATOR

In 12C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 9-17). When a write occurs to
SSPBUF, the Baud Rate Generator will automatically
begin counting. The BRG counts down to 0 and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In I2C Master mode, the BRG is
reloaded automatically.

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 9-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

FIGURE 9-17: BAUD RATE GENERATOR BLOCK DIAGRAM
SSPM3:SSPMO :N SSPADD<6:0>
SSPM3:SSPMO —N Reload Reload
v —>
SCL —{ Control
CLKO -—‘ BRG Down Counter [«——Fosc/4
TABLE 9-3: I°C CLOCK RATE W/BRG
FscL
*
Fcy Fcy*2 BRG Value (2 Rollovers of BRG)
10 MHz 20 MHz 19h 400 kHzD
10 MHz 20 MHz 20h 312.5 kHz
10 MHz 20 MHz 3Fh 100 kHz
4 MHz 8 MHz 0Ah 400 kHzW
4 MHz 8 MHz 0Dh 308 kHz
4 MHz 8 MHz 28h 100 kHz
1 MHz 2 MHz 03h 333 kHz(D
1 MHz 2 MHz 0Ah 100 kHz
1 MHz 2 MHz 00h 1 MHz®

Note 1: The I2C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.

© 2001-2013 Microchip Technology Inc.
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9.4.17.2 Bus Collision During a Repeated
Start Condition

During a Repeated Start condition, a bus collision
occurs if:

a) Alow level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low,
indicating that another master is attempting to
transmit a data ‘1.

When the user deasserts SDA and the pin is allowed to
float high, the BRG is loaded with SSPADD<6:0> and
counts down to 0. The SCL pin is then deasserted and
when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data ‘0’, see
Figure 9-29). If SDA is sampled high, the BRG is

reloaded and begins counting. If SDA goes from high to
low before the BRG times out, no bus collision occurs
because no two masters can assert SDA at exactly the
same time.

If SCL goes from high to low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data ‘1’ during the Repeated Start condition
(Figure 9-30).

If at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated Start condition is
complete.

FIGURE 9-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL
T Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN ‘
BCLIF
T Cleared in software
S ‘0’
SSPIF ‘0’
FIGURE 9-30: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
i TBRG i TBRG |
SDA )

SCL /
SCL goes low before SDA;

BCLIF set BCLIF. Release SDA and SCL. ‘

Interrupt cleared

in software
RSEN ‘
S 0"
SSPIF
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the 40/44-pin
devices.

The conversion of an analog input signal results in a
corresponding 10-bit digital number. The A/D module
has high and low-voltage reference input that is soft-
ware selectable to some combination of VDD, Vss, RA2
or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D clock must be derived from
the A/D’s internal RC oscillator.

The A/D module has four registers. These registers are:

« A/D Result High Register (ADRESH)
« A/D Result Low Register (ADRESL)
« A/D Control Register 0 (ADCONO)
» A/D Control Register 1 (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage
reference) or as digital 1/0.

Additional information on using the A/D module can be
found in the PIC® Mid-Range MCU Family Reference
Manual (DS33023).

REGISTER 11-1: ADCONO REGISTER (ADDRESS 1Fh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0
ADCS1 | ADCSO | CHS2 | CHs1 | CHso |GODONE| — | ADON
bit 7 bit 0
bit 7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits (ADCONO bits in bold)
ADCON1 ADCONO .
<ADCS2> | <ADCS1:ADCS0> Clock Conversion
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 11 Frc (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 11 Frc (clock derived from the internal A/D RC oscillator)

bit 5-3 CHS2:CHSO0: Analog Channel Select bits

000 = Channel 0 (ANO)
001 = Channel 1 (AN1)
010 = Channel 2 (AN2)
011 = Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channel 5 (AN5)
110 = Channel 6 (AN6)
111 = Channel 7 (AN7)

Note:  The PIC16F873A/876A devices only implement A/D channels O through 4; the
unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

bit 2 GO/DONE: A/D Conversion Status bit

When ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)
0 = A/D conversion not in progress

bit 1 Unimplemented: Read as ‘0’
bit 0 ADON: A/D On bit

1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current

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 = Bit is unknown

© 2001-2013 Microchip Technology Inc.
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12.2 Comparator Operation

A single comparator is shown in Figure 12-2 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 12-2 represent
the uncertainty due to input offsets and response time.

12.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator operating mode. The
analog signal present at VIN- is compared to the signal
at VIN+ and the digital output of the comparator is
adjusted accordingly (Figure 12-2).

FIGURE 12-2: SINGLE COMPARATOR
VIN+
Output
VIN-

12.31 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator(s).

12.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the compara-
tors. Section 13.0 “Comparator Voltage Reference
Module” contains a detailed description of the Compar-
ator Voltage Reference module that provides this signal.
The internal reference signal is used when comparators
are in mode, CM<2:0>=110 (Figure 12-1). In this
mode, the internal voltage reference is applied to the
VIN+ pin of both comparators.

12.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the com-
parator output has a valid level. If the internal reference
is changed, the maximum delay of the internal voltage
reference must be considered when using the compar-
ator outputs. Otherwise, the maximum delay of the
comparators should be used (Section 17.0 “Electrical
Characteristics”).

12.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RA4 and RA5
I/O pins. When enabled, multiplexors in the output path
of the RA4 and RAS5 pins will switch and the output of
each pin will be the unsynchronized output of the com-
parator. The uncertainty of each of the comparators is
related to the input offset voltage and the response time
given in the specifications. Figure 12-3 shows the
comparator output block diagram.

The TRISA bits will still function as an output enable/
disable for the RA4 and RAS5 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<4:5>).

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

2: Analog levels on any pin defined as a dig-
ital input may cause the input buffer to
consume more current than is specified.

3: RA4 is an open collector /O pin. When
used as an output, a pull-up resistor is

required.

© 2001-2013 Microchip Technology Inc.

DS39582C-page 137



PIC16F87XA

TABLE 12-1: REGISTERS ASSOCIATED WITH 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 011l
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 | CVR2 CVR1 CVRO | 000- 0000 [ 000- 0000
0Bh, 8Bh, [INTCON GIE/ PEIE/ | TMROIE | INTIE | RBIE | TMROIF | INTIF RBIF | 0000 000x | 0000 000u
10Bh,18Bh GIEH GIEL
0Dh PIR2 — CMIF — — BCLIF | LVDIF | TMR3IF | CCP2IF | -0-- 0000 | -0-- 0000
8Dh PIE2 — CMIE — — BCLIE | LVDIE |TMRS3IE | CCP2IE | -0-- 0000 | -0-- 0000
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are unused by the comparator module.
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14.13 Watchdog Timer (WDT)

The Watchdog Timer is a free running, on-chip RC
oscillator which does not require any external
components. This RC oscillator is separate from the
RC oscillator of the OSC1/CLKI pin. That means that
the WDT will run even if the clock on the OSC1/CLKI
and OSC2/CLKO pins of the device has been stopped,
for example, by execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device Reset (Watchdog Timer Reset). If the device is
in Sleep mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the Status register
will be cleared upon a Watchdog Timer time-out.

The WDT can be permanently disabled by clearing
configuration bit, WDTE (Section 14.1 “Configuration
Bits”).

WDT time-out period values may be found in
Section 17.0 “Electrical Characteristics” under
parameter #31. Values for the WDT prescaler (actually
a postscaler but shared with the Timer0 prescaler) may
be assigned using the OPTION_REG register.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and the postscaler, if
assigned to the WDT and prevent it from
timing out and generating a device Reset
condition.

2: When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared but the
prescaler assignment is not changed.

FIGURE 14-11: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
(Figure 5-1)
| o
M Postscaler
WDT Timer )lg { .
* f 8-to-1 MUX  |<®— PS2:PS0
WDT PSA
Enable Bit
&——m To TMRO (Figure 5-1)
oy 1
MUX -«— PSA
WDT
Time-out
Note: PSA and PS2:PS0 are bits in the OPTION_REG register.
TABLE 14-7:. SUMMARY OF WATCHDOG TIMER REGISTERS
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) BODEN®D | cp1 | cpo | PWRTEW | WDTE | Foscl | FoscO
81h, 181h |OPTION_REG| RBPU INTEDG | TOCS | TOSE PSA PS2 PS1 PSO
Legend: Shaded cells are not used by the Watchdog Timer.

Note 1:

See Register 14-1 for operation of these bits.

© 2001-2013 Microchip Technology Inc.
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15.2 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label] ADDLW k

Operands: 0<k<255

Operation: (W) +k —> (W)

Status Affected: C, DC, Z

Description: The contents of the W register
are added to the eight-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label] ADDWF fd

Operands: 0<f<127
d e[0,1]

Operation: (W) + (f) - (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register ‘f'. If ‘d’ is ‘0’, the
result is stored in the W register. If
‘d’" is ‘1, the result is stored back
in register ‘f'.

ANDLW AND Literal with W

Syntax: [label] ANDLW Kk

Operands: 0< k<255

Operation: (W) .AND. (k) = (W)

Status Affected: Z

Description: The contents of W register are
AND’ed with the eight-bit literal
‘k’. The result is placed in the W
register.

ANDWF AND W with f

Syntax: [label] ANDWF fd

Operands: 0<f<127
d € [0,1]

Operation: (W) .AND. (f) - (destination)

Status Affected: Z

Description: AND the W register with register

‘.1 ‘d’ is ‘07, the result is stored in
the W register. If 'd’ is ‘1’, the
result is stored back in register ‘f".

BCF Bit Clear f

Syntax: [label ] BCF f,b

Operands: 0<f<127
0<b<7

Operation: 0 — (f<b>)

Status Affected:  None

Description: Bit ‘b’ in register ‘f’ is cleared.

BSF Bit Set f

Syntax: [label ] BSF fb

Operands: 0<f<127
0<b<7

Operation: 1 — (f<b>)

Status Affected:  None

Description: Bit ‘b’ in register ‘' is set.

BTFSS Bit Test f, Skip if Set

Syntax: [label ] BTFSS fb

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =1

Status Affected: None

Description: If bit ‘b’ in register ‘f'is ‘0’, the next
instruction is executed.
If bit ‘b’ is ‘17, then the next instruc-
tion is discarded and a NOP is
executed instead, making this a
2 Tcy instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [ label ] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =0

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘1’, the next

instruction is executed.

If bit ‘b’ in register ‘f’ is ‘0’, the next
instruction is discarded and a NOP
is executed instead, making this a
2 Tcy instruction.
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DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSz f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 —> (destination);
skip if result =0

Status Affected: None

Description: The contents of register ‘f’ are
decremented. If ‘d’ is ‘0’, the result
is placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f.
If the result is ‘1’, the next instruc-
tion is executed. If the result is ‘0’,
then a NOP is executed instead,
making it a 2 Tcy instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0< k<2047

Operation: k - PC<10:0>
PCLATH<4:3> —» PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch.
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTO is a
two-cycle instruction.

INCF Increment f

Syntax: [label] INCF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are

incremented. If ‘d’ is ‘0’, the result
is placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f’.

INCFSZ Increment f, Skip if O
Syntax: [label] INCFSZ f,d
Operands: 0<f<127
d € [0,1]
Operation: (f) + 1 — (destination),
skip if result=0
Status Affected: None
Description: The contents of register ‘f’ are
incremented. If ‘d’ is ‘0’, the result
is placed in the W register. If ‘d’ is
‘1", the result is placed back in
register ‘f’.
If the result is ‘1", the next instruc-
tion is executed. If the result is ‘07,
aNoP is executed instead, making
it a 2 Tcy instruction.
IORLW Inclusive OR Literal with W
Syntax: [label] 1ORLW k
Operands: 0< k<255
Operation: (W) .OR. k = (W)
Status Affected: Z
Description: The contents of the W register are
OR’ed with the eight-bit literal 'k’
The result is placed in the W
register.
IORWF Inclusive OR W with f
Syntax: [label] 1ORWF f,d
Operands: 0<f<127
d e [0,1]
Operation: (W) .OR. (f) - (destination)
Status Affected: Z
Description: Inclusive OR the W register with

register ‘f'. If ‘d’ is ‘'0’, the result is
placed in the W register. If ‘d’ is
‘1", the result is placed back in
register ‘f.
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16.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

16.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can link
relocatable objects from precompiled libraries, using
directives from a linker script.

The MPLIB object librarian manages the creation and
modification of library files of pre-compiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

» Enhanced code maintainability by grouping
related modules together

 Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

16.5 MPLAB C30 C Compiler

The MPLAB C30 C compiler is a full-featured, ANSI
compliant, optimizing compiler that translates standard
ANSI C programs into dsPIC30F assembly language
source. The compiler also supports many command-
line options and language extensions to take full
advantage of the dsPIC30F device hardware capabili-
ties, and afford fine control of the compiler code
generator.

MPLAB C30 is distributed with a complete ANSI C
standard library. All library functions have been vali-
dated and conform to the ANSI C library standard. The
library includes functions for string manipulation,
dynamic memory allocation, data conversion, time-
keeping, and math functions (trigonometric, exponen-
tial and hyperbolic). The compiler provides symbolic
information for high level source debugging with the
MPLAB IDE.

16.6 MPLAB ASM30 Assembler, Linker,
and Librarian

MPLAB ASM30 assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 compiler uses the
assembler to produce it's object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire dsPIC30F instruction set
« Support for fixed-point and floating-point data
« Command line interface

* Rich directive set

» Flexible macro language

* MPLAB IDE compatibility

16.7 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC hosted environment by simulating the
PIC series microcontrollers on an instruction level. On
any given instruction, the data areas can be examined
or modified and stimuli can be applied from a file, or
user defined key press, to any pin. The execution can
be performed in Single-Step, Execute Until Break, or
Trace mode.

The MPLAB SIM simulator fully supports symbolic
debugging using the MPLAB C17 and MPLAB C18
C Compilers, as well as the MPASM assembler. The
software simulator offers the flexibility to develop and
debug code outside of the laboratory environment,
making it an excellent, economical software
development tool.

16.8 MPLAB SIM30 Software Simulator

The MPLAB SIM30 software simulator allows code
development in a PC hosted environment by simulating
the dsPIC30F series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user defined key press, to any of the pins.

The MPLAB SIM30 simulator fully supports symbolic
debugging using the MPLAB C30 C Compiler and
MPLAB ASM30 assembler. The simulator runs in either
a Command Line mode for automated tasks, or from
MPLAB IDE. This high speed simulator is designed to
debug, analyze and optimize time intensive DSP
routines.
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TABLE 17-1: COMPARATOR SPECIFICATIONS

Operating Conditions: 3.0V <VbD < 5.5V, -40°C < Ta < +85°C (unless otherwise stated)
4.0V < VDD < 5.5V, -40°C < TA < +125°C (unless otherwise stated)

Pilr:m Sym Characteristics Min Typ Max Units Comments
D300 VIOFF Input Offset Voltage — +5.0 +10 mV
D301 VicM Input Common Mode Voltage* 0 - Vbb-1.5 \%
D302 CMRR | Common Mode Rejection Ratio* 55 - — dB
300 TRESP  |Response Time*(%) — 150 400 ns |PIC16F87XA
300A 600 ns PIC16LF87XA
301 Tmc2ov | Comparator Mode Change to — — 10 us

Output Valid*

* These parameters are characterized but not tested.
Note 1: Response time measured with one comparator input at (VoD — 1.5)/2 while the other input transitions from
Vss to VDD.

TABLE 17-2: VOLTAGE REFERENCE SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +85°C (unless otherwise stated)
4.0V < VDD < 5.5V, -40°C < TA < +125°C (unless otherwise stated)
Spec - . .
NoO Sym Characteristics Min Typ Max Units Comments
D310 VRES Resolution \VbD/24 — VDD/32 LSb
D311 VRAA Absolute Accuracy — — 1/2 LSb |Low Range (VRR=1)
— — 1/2 LSb |High Range (VRR = 0)

D312 VRUR Unit Resistor Value (R)* — 2k — Q
310 TsET Settling Time*(!) — — 10 us

* These parameters are characterized but not tested.
Note 1. Settling time measured while VRR = 1 and VR<3:0> transitions from ‘0000’ to ‘1111".
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s - _;_5

' le— 17— -t 15 ; f :
(cl)ﬁp%'g Old Value ¢ New Value
: — - : : :
' 20,21
Note: Refer to Figure 17-3 for load conditions.
TABLE 17-4: CLKO AND 1I/O TIMING REQUIREMENTS
Pi{j‘m Symbol Characteristic Min Typt Max Units | Conditions
10* TosH2ckL |OSC1 T to CLKO 4 — 75 200 ns |(Note 1)
11* TosH2ckH |0SC1 T to CLKO T — 75 200 ns |(Note 1)
12* TckR CLKO Rise Time — 35 100 ns |(Note 1)
13* TckF CLKO Fall Time — 35 100 ns |(Note 1)
14* TckL210V | CLKO Y to Port Out Valid — — [0.5Tcy +20| ns |(Note 1)
15* TioV2ckH |Port In Valid before CLKO T Tosc + 200 — — ns |(Note 1)
16* TckH2iol  |Port In Hold after CLKO T 0 — — ns |(Note 1)
17* TosH2i0V |OSC1 T (Q1 cycle) to Port Out Valid — 100 255 ns
18* TosH2i0l |OSC1 T (Q2 cycle) to Port Input | Standard (F) 100 — — ns
Invalid (/O in hold time) Extended (LF) 200 _ _ ns
19* TioV20sH |Port Input Valid to OSC1 T (I/O in setup time) 0 — — ns
20* TIOR Port Output Rise Time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
21* TIOoF Port Output Fall Time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
22tt* | TINP INT pin High or Low Time Tcy — — ns
23tt* | TrBP RB7:RB4 Change INT High or Low Time Tey — — ns

* 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.
Tt These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode where CLKO output is 4 x ToscC.
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28-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC)

Note:

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

E——i

| T T

— —
— —
— —
— —
} — —
— —
— —
— — D
LI: —
— —
— —
B — —
— — 2
n —] O =19
h — e |—.—
o [-—
45°
Lt t %
1J |\ VA A
g 7
T L Al—
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .050 1.27
Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § Al .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width E1l .288 .295 .299 7.32 7.49 7.59
Overall Length D .695 .704 712 17.65 17.87 18.08
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle Top [0 0 4 8 0 4 8
Lead Thickness c .009 .011 .013 0.23 0.28 0.33
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top [ 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MS-013
Drawing No. C04-052
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28-Lead Plastic Quad Flat No Lead Package (ML) 6x6 mm Body, Punch Singulated (QFN)

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

E——= EXPOSED
METAL

TOP VIEW BOTTOM VIEW

A2 A
A1

A3
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .026 BSC 0.65 BSC
Overall Height A .033 .039 0.85 1.00
Molded Package Thickness A2 .026 .031 0.65 0.80
Standoff A1 .000 .0004 .002 0.00 0.01 0.05
Base Thickness A3 .008 REF 0.20 REF
Overall Width E .236 BSC 6.00 BSC
Molded Package Width E1 .226 BSC 5.75 BSC
Exposed Pad Width E2 .140 146 152 3.55 3.70 3.85
Overall Length D .236 BSC 6.00 BSC
Molded Package Length D1 .226 BSC 5.75 BSC
Exposed Pad Length D2 140 146 152 3.55 3.70 3.85
Lead Width B .009 .011 .014 0.23 0.28 0.35
Lead Length L .020 .024 .030 0.50 0.60 0.75
Tie Bar Width R .005 .007 .010 0.13 0.17 0.23
Tie Bar Length Q .012 .016 .026 0.30 0.40 0.65
Chamfer CH .009 .017 .024 0.24 0.42 0.60
Mold Draft Angle Top o 12° 12°
*Controlling Parameter
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC equivalent: mMO-220

Drawing No. C04-114
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Capture/Compare/PWM Requirements

(CCP1and CCP2) ...cceeviiiiiiieiiieiitiieeeiee e 186
CCP. See Capture/Compare/PWM.
CCP1CON REQGISLEN ..ccvviiiiiiiiieirie et 19
CCP2CON REQISIEN ...uviiiiiiiieiiiieee et 19
CCPR1H Register .... ..19,63
CCPRILL REQISIEN ...vviiiiiiiiiciiciee e 19, 63
CCPR2H REQISTEr ....eeiiiiiiiieiieiicete e 19, 63
CCPR2L REJISEN ...eeiiiieiiiiie ettt 19,63
CCPXMO Bil ...ttt 64
CCPXML Bt .t 64
CCPXM2 Bit ..o 64
CCPxM3 Bit ... ..64
CCPxX Bit ...... ..64
CCPXY Bit v 64
CLKO and I/O Timing Requirements ...........cccocceenverneens 183
CMCON REQGISLET ..c.vviiiiiiiiieiiie it 20
Code Examples
Call of a Subroutine in Page 1 from Page O ............... 30
Indirect AAAressing .........ccoceeeeeeiiiniieniiece e 31
Initializing PORTA ....oiiiiie e 41
Loading the SSPBUF (SSPSR) Register ................... 74
Reading Data EEPROM .........ccccociniiiniiiniiciiccieee 35
Reading Flash Program Memory ..........ccccccvvieeennnnes 36
Saving Status, W and PCLATH Registers
INRAM Lo 154
Writing to Data EEPROM ........ccoeiiiiiiniiececc e 35
Writing to Flash Program Memory ..........cccccovevvennen. 38
Code Protection ........ccccccocvevvieniiinienneennn

Comparator Module .
Analog Input Connection

Considerations .........ccccevvveriiiiiienie e 139
Associated REgISIErS ........ccccvvviiieriiieeniieee e 140
Configuration ........ccccoecviiiiiiiciie e 136
Effects of a ReSet ........cooiiiiiiiiiiiiicc 139
Interrupts ................ ... 138
Operation .........ccceeeene .. 137
Operation During Sleep ... 139
OUEPULS .o 137
REfErenCe ......oovviiiiiiiie i 137
RESPONSE TIME ..oviiiiiiiiciie e 137

Comparator Specifications ..........cccccveerviieeiiieee e 180
Comparator Voltage Reference ..........cccocevvvvviiiiciieens 141
Associated RegiSters .........ccoceeevieiieiiieeniiinieeseeens 142
Computed GOTO
Configuration BitS .........ccocieiiiiiiiiiicci e 143
Configuration Word ..........ccoeevviiiieiieciieeece e 144
Conversion Considerations .........c.oceveevveeesieee e 220
CVRCON REQISIEN ...eeiiiiiiiiiiieirie ettt 20
D
Data EEPROM and Flash Program Memory
EEADR REQISLEr ..c.uviiiiiiiiiieieee e 33
EEADRH REQISIEN ....oeiiiiiiiiiiiieiiee e 33
EECONIL REQISLET ...cvviiiiiiiiciiiiciieeeeeeee e 33
EECON2 REQISLET ...cevviiiiiiiicciieciteeeeeee e 33

EEDATA Register
EEDATH Register

Data EEPROM Memory
Associated RegiSters .........ccccvevviiiviiiiciieeniecieenn 39
EEADR REQISLEr .....vveiiiiieeerieeeee e 33
EEADRH Register .

EECON1 Register .. .. 33
EECON2 Register ...........ccc...... .. 33
Operation During Code-Protect ...........ccccevvviriiieninenns 39
Protection Against Spurious Writes ..........c.ccoceevvenee. 39
REAAING vt 35
Write Complete Flag Bit (EEIF) ........ccccoceeviieiiennn. 33
WWIIEING ottt

Data MEMOIY ...
Bank Select (RP1:RPO Bits) .
General Purpose Registers ..

Register File Map ..................
Special Function Registers ..........ccccovvvviciiiiciiecneene
DC and AC Characteristics Graphs and Tables .............. 197
DC CharacCteristiCs .......ccocvveriieiinieeiisieee s 175179
Demonstration Boards
PICDEM 1 ..ottt 170
PICDEM 17 ..o 170
PICDEM 18R PIC18C601/801 . 171
PICDEM 2 PIUS ..ooviiiiieieciieie e 170
PICDEM 3 PICL16CO2X ....ccvivieireririecie e 170
PICDEM 4 ...ttt 170
PICDEM LIN PIC16CA3X ...ooviieiviiirieeienieeie e 171
PICDEM USB PIC16CT7X5 ....cecocviveiriieereneeneeien 171
PICDEM.net Internet/Ethernet ...........cccccecvviniennnene 170
Development Support ...........cccceeeeee. 167

Device Differences ..... 219
Device Overview ..... ....5
DireCt AdAreSSiNg .......cueecieiiieiieiie et 31
E

EEADR REQISLEr ...cciiiiiiiiieeiiee e

EEADRH Register ...
EECONL1 Register
EECONZ2 Register
EEDATA Register
EEDATH Register

Electrical Characteristics 173
Errata ..., b
Evaluation and Programming Tools . 171
External Clock Timing Requirements ...........c.cccceevvveeenins 182
External Interrupt Input (RBO/INT). See Interrupt Sources.
External Reference Signal .........ccccoooiiiieiiiniiiiiieiee. 137
F
Firmware INStruCtions ...........ccocovieiiiiiiiniie e 159
Flash Program Memory
Associated RegiSters .........ccccvevvviiiiiiieiiienieeneeenn 39
EECONIL REQGISLEN ...ovviiiiiiiiiciiccieceee e 33
EECON2 REQISLEN ....eeiiiiiieeiieeeeiiee e 33
Reading
Writing .......
FSR Register
G
General Call ADdress SUppOrt .......ccccevvvveeriveeeniiee e 94
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