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PIC16F631/677/685/687/689/690

PIC16F687/689 Pin Diagram

20-pin PDIP, SOIC, SSOP
Voo —=[]1 ™ 20[]<— Vss
RAS/T1CKI/OSC1/CLKIN =—=[]2 19[]<> RAO/ANO/C1IN+/ICSPDAT/ULPWU
RA4/AN3/T1G/OSC2/CLKOUT <—[]3 o 18 []<+ RA1/AN1/C12INO-/VREF/ICSPCLK
RA3/MCLR/VPP —»[]4 © 17[]<= RA2/AN2/TOCKI/INT/CLOUT
RC5 <[5 % 16[]<+» RCO/AN4/C2IN+
RC4/C20UT =—=[]6 & 15[]<+ RC1/AN5/C12IN1-
RC3/AN7/C12IN3- «—[17 § 14[]<» RC2/ANG/C12IN2-
RC6/AN8S/SS «—[|8 0O 13[]-<— RB4/AN10/SDI/SDA
RC7/AN9/SDO <9 12 []=— RB5/AN11/RX/DT
RB7/TX/CK <—[]10 11[]=— RB6/SCK/SCL
TABLE 4: PIC16F687/689 PIN SUMMARY
110 Pin Analog Comparators| Timers | EUSART SSP Interrupt | Pull-up Basic
RAO 19 | ANO/ULPWU C1IN+ — — — 10C Y ICSPDAT
RA1 18 AN1/VREF C12INO- — — — I0C Y ICSPCLK
RA2 17 AN2 C10UT TOCKI — — IOC/INT Y
RA3 | 4 — — — — — l0C y® MCLR/VPP
RA4 3 AN3 — T1G — — I0C Y OSC2/CLKOUT
RA5 2 — — T1CKI — — I0C Y OSC1/CLKIN
RB4 13 AN10 — — — SDI/SDA I0C Y —
RB5 12 AN11 — — RX/DT — I0C Y —
RB6 | 11 — — — — SCL/SCK I0C Y —
RB7 10 — — — TX/CK — 10C Y —
RCO 16 AN4 C2IN+ — — — — — —
RC1 15 AN5 C12IN1- — — — — — —
RC2 14 ANG6 C12IN2- — — — — — —
RC3 7 AN7 C12IN3- — — — — — —
RC4 6 — Cc20uT — — — — — —
RC5 5 — — — — — — — —
RC6 | 8 ANS — — — SS — — —
RC7 9 AN9 — — — SDO — — —
— 1 — — — — — — — VDD
— 20 — — — — — — — Vss

Note 1: Pull-up activated only with external MCLR configuration.
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PIC16F690 Pin Diagram (PDIP, SOIC, SSOP)

20-pin PDIP, SOIC, SSOP

Vob —=[|1 ™ 20[]<— Vss
RAS5/T1CKI/OSCL/CLKIN -—[]2 19[]== RAO/ANO/C1IN+/ICSPDAT/ULPWU
RA4/AN3/T1G/OSC2/CLKOUT = 3 18[]<> RA1/AN1/C12INO-/VREF/ICSPCLK
RA3/MCLR/VPP —»[] 4 g 17 | ] RA2/AN2/TOCKI/INT/C10UT
RC5/CCP1/P1A -—»[|5 £ 16[]<» RCO/AN4/C2IN+
RC4/C20UT/P1B =—=[|6 & 15[]<«» RC1/AN5/C12IN1-
RC3/AN7/C12IN3-/P1C -—[]7 g 14[]<» RC2/AN6/C12IN2-/P1D
RC6/ANS/SS -8 13[]<— RB4/AN10/SDI/SDA
RC7/AN9/SDO -—[]9 12[ ]« RB5/AN11/RX/DT
RB7/TX/CK <[] 10 11[]-— RB6/SCK/SCL
TABLE 5: PIC16F690 PIN SUMMARY

/O | Pin Analog Comparators | Timers ECCP EUSART SSP Interrupt | Pull-up Basic
RAO | 19 | ANO/ULPWU C1IN+ — — — — I0C Y ICSPDAT
RA1 | 18 AN1/VREF C12INO- — — — — 10C Y ICSPCLK
RA2 | 17 AN2 C10uUT TOCKI — — — IOC/INT Y
RA3 — — — — — — loc Y@ MCLR/VPP
RA4 AN3 = T1G = = — I0C Y OSC2/CLKOUT
RA5 — — T1CKI — — — I0C Y OSC1/CLKIN
RB4 | 13 AN10 — — — — SDI/SDA 10C Y —
RB5 | 12 AN11 — — — RX/DT — 10C Y —
RB6 | 11 — — — — SCL/SCK 10C Y —
RB7 | 10 — — — — TX/CK — 10C Y —
RCO | 16 AN4 C2IN+ — — — — — — —
RC1 | 15 AN5 C12IN1- — — — — — — —
RC2 | 14 ANG C12IN2- — P1D — — — —
RC3 7 AN7 C12IN3- — PiC — — — — —
RC4 6 — C20UT — P1B — — — — —
RC5 | 5 — — — CCP1/P1A — — — — —
RC6 | 8 AN8 — — — — Ss — — —
RC7 9 AN9 — — — — SDO — — —

— 1 — — — — — — — — VDD

— 20 — — — — — — — — Vss

Note 1: Pull-up activated only with external MCLR configuration.
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FIGURE 1-3: PIC16F685 BLOCK DIAGRAM
INT
%
13 Data Bus 8  PORTA
Qi( Program Counter |<
Flash JL RAO
4K x 14 RA1
Program | ) ‘ RAM > RA2
Memory 8-Level Stack (13-bit) 256 bytes RA3
File RA4
Registers RAS
Program 14
Bus RAM Addr
(K PORTB
Addr MUX
Instruction Reg
|| Direct Addr 7 <= X|RB4
IN | RB5
M <= X|RrB6
| RB7
STATUS Reg
8
PORTC
l«=>] RCO
7 e
\V4 Power-up <[] RC2
Timer @ J R - RC3
Instruction )
Decode and =) Oscillator <= X| RC4
Control Start-up Timer ALU <> X| RC5
] RC6
OSC1/CLKI Power-on 8 [ X| RC7
Reset
Timin
OSC2/CLKO Generat?on K=>|  Watchdog
Timer
Brown-out
Reset
Internal
Oscillator
Block
MCLR VDD Vss
CCP1/
ULPWU TOCKI T1G TI1CKI I%A P1B P1C P1D
Y
Ultra Low-Power X . X
Timer0 Timerl Timer2 ECCP+
Wake-up
N
AN8 AN9 AN10 AN11
I% I% I% I% EEDAT
\ \ g | 256 Bytes
2 Data
Analog-to-Digital Converter Analog Comparators EEPROM
and Reference
%%%%é%%%éé l % l 5
VREF ANO AN1 AN2 AN3 AN4 AN5 AN6 AN7 C1IN- C1lIN+ C1OUT C2IN- C2IN+ C20UT
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DIRECT/INDIRECT ADDRESSING PIC16F631/677/685/687/689/690

FIGURE 2-10:
Direct Addressing Indirect Addressing
RP1 RPO 6 From Opcode 0 IRP 7  File Select Register 0
N J v J S y N y J
Bank Select Location Select Bank Select Location Select
- | > 00 01 10 1 </
00h 180h
Data
Memory
7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
For memory map detail, see Figures 2-6, 2-7 and 2-8.
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3.4.3 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 3-3). The mode selects a low,
medium or high gain setting of the internal inverter-
amplifier to support various resonator types and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is designed to
drive only 32.768 kHz tuning-fork type crystals (watch
crystals).

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification.

HS Oscillator mode selects the highest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the highest of the three modes. This mode is best
suited for resonators that require a high drive setting.

Figure 3-3 and Figure 3-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.

FIGURE 3-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
L. 0-501/CLKIN :r______”:
c1
Quartz
Crystal
c2 Rs® OSC2/CLKOUT

Note 1: A series resistor (RS) may be required for
quartz crystals with low drive level.

2: The value of RF varies with the Oscillator mode

selected (typically between 2 MQ to 10 MQ).

Note 1: Quartz crystal characteristics vary accord-
ing to type, package and manufacturer. The
user should consult the manufacturer data
sheets for specifications and recommended
application.

2: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

3: For oscillator design assistance, reference
the following Microchip Applications Notes:

» AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

» AN849, “Basic PIC® Oscillator Design”
(DS00849)

» AN943, “Practical PIC® Oscillator
Analysis and Design” (DS00943)

* AN949, “Making Your Oscillator Work”

FIGURE 3-4: CERAMIC RESONATOR
OPERATION

(XT OR HS MODE)

(DS00949)

PIC® MCU

OSC1/CLKIN

C2 ceramic Rs® | OSC2/CLKOUT

Resonator

Note 1: A series resistor (RS) may be required for
ceramic resonators with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

3: An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.

DS40001262F-page 48
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3.7.3 CHECKING TWO-SPEED CLOCK
STATUS

Checking the state of the OSTS bit of the OSCCON
register will confirm if the microcontroller is running
from the external clock source, as defined by the
FOSC<2:0> bits in the Configuration Word register
(CONFIG), or the internal oscillator.

FIGURE 3-7: TWO-SPEED START-UP

wrNTosC 7\ /AN /L

L TosT >
osci < 0 X 1 \%\1022X 1023 / \ /
osc2 X \
Program Counter | PC-N )} PC X PC+1 X

system ook \_/\_AN_/ /N
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8.0 COMPARATOR MODULE

Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
The comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of program execution. The Analog
Comparator module includes the following features:

* Independent comparator control

« Programmable input selection

» Comparator output is available internally/externally

» Programmable output polarity

* Interrupt-on-change

* Wake-up from Sleep

* PWM shutdown

» Timerl gate (count enable)

« Output synchronization to Timerl clock input

e SR Latch

» Programmable and Fixed Voltage Reference

Note:  Only Comparator C2 can be linked to
Timerl.

8.1 Comparator Overview

A single comparator is shown in Figure 8-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

FIGURE 8-1: SINGLE COMPARATOR
VINt —— 1+
Output
VIN- ———

---- VIN-
— VIN+

Output l l l l

Note:  The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.

© 2005-2015 Microchip Technology Inc.
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12.2 Clock Accuracy with

Asynchronous Operation

The factory calibrates the internal oscillator block out-
put (INTOSC). However, the INTOSC frequency may
drift as VDD or temperature changes, and this directly
affects the asynchronous baud rate. Two methods may
be used to adjust the baud rate clock, but both require
a reference clock source of some kind.

The first (preferred) method uses the OSCTUNE
register to adjust the INTOSC output. Adjusting the
value in the OSCTUNE register allows for fine resolution
changes to the system clock source. See Section 3.5
“Internal Clock Modes” for more information.

The other method adjusts the value in the Baud Rate
Generator. This can be done automatically with the
Auto-Baud Detect feature (see Section 12.3.1 “Auto-
Baud Detect”). There may not be fine enough
resolution when adjusting the Baud Rate Generator to
compensate for a gradual change in the peripheral
clock frequency.

REGISTER 12-1:

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN®D) SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 7 CSRC: Clock Source Select bit

Asynchronous mode:
Don't care
Synchronous mode:
1=
0 = Slave mode (clock from external source)
TX9: 9-bit Transmit Enable bit

1= Selects 9-bit transmission

0 = Selects 8-bit transmission

TXEN: Transmit Enable bit®

1 = Transmit enabled

0 = Transmit disabled

SYNC: EUSART Mode Select bit

1 = Synchronous mode

0 = Asynchronous mode

SENDB: Send Break Character bit
Asynchronous mode:

bit 6

bit 5

bit 4

bit 3

Master mode (clock generated internally from BRG)

1 = Send Sync Break on next transmission (cleared by hardware upon completion)

0 = Sync Break transmission completed
Synchronous mode:

Don't care

BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mode:

Unused in this mode

TRMT: Transmit Shift Register Status bit
1= TSR empty

0= TSR ull

TX9D: Ninth bit of Transmit Data

Can be address/data bit or a parity bit.

bit 2

bit 1

bit 0

Note 1: SREN/CREN overrides TXEN in Sync mode.

© 2005-2015 Microchip Technology Inc.
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REGISTER 12-3: BAUDCTL: BAUD RATE CONTROL REGISTER

R-0 R-1 u-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0
ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN
bit 7 bit 0
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
bit 7 ABDOVF: Auto-Baud Detect Overflow bit
Asynchronous mode:
1 = Auto-baud timer overflowed
0 = Auto-baud timer did not overflow
Synchronous mode:
Don'’t care
bit 6 RCIDL: Receive Idle Flag bit
Asynchronous mode:
1 = Receiver is Idle
0 = Start bit has been received and the receiver is receiving
Synchronous mode:
Don'’t care
bit 5 Unimplemented: Read as ‘0’
bit 4 SCKP: Synchronous Clock Polarity Select bit
Asynchronous mode:
1 = Transmit inverted data to the RB7/TX/CK pin
0 = Transmit non-inverted data to the RB7/TX/CK pin
Synchronous mode:
1 = Data is clocked on rising edge of the clock
0 = Data is clocked on falling edge of the clock
bit 3 BRGL16: 16-bit Baud Rate Generator bit
1 = 16-bit Baud Rate Generator is used
0 = 8-bit Baud Rate Generator is used
bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit
Asynchronous mode:
1 = Receiver is waiting for a falling edge. No character will be received byte RCIF will be set. WUE will
automatically clear after RCIF is set.
0 = Receiver is operating normally
Synchronous mode:
Don't care
bit O ABDEN: Auto-Baud Detect Enable bit

Asynchronous mode:

1 = Auto-Baud Detect mode is enabled (clears when auto-baud is complete)
0 = Auto-Baud Detect mode is disabled

Synchronous mode:

Don't care

© 2005-2015 Microchip Technology Inc. DS40001262F-page 159
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13.13 Master Mode

Master mode of operation is supported in firmware
using interrupt generation on the detection of the Start
and Stop conditions. The Stop (P) and Start (S) bits are
cleared from a Reset or when the SSP module is
disabled. The Stop (P) and Start (S) bits will toggle
based on the Start and Stop conditions. Control of the
I2C bus may be taken when the P bit is set or the bus
is idle and both the S and P bits are clear.

In Master mode, the SCL and SDA lines are
manipulated by clearing the corresponding
TRISB<6,4> bit(s). The output level is always low,
irrespective of the value(s) in PORTB<6,4>. So when
transmitting data, a ‘1’ data bit must have the
TRISB<4> bit set (input) and a ‘0’ data bit must have
the TRISB<4> bit cleared (output). The same scenario
is true for the SCL line with the TRISB<6> bit. Pull-up
resistors must be provided externally to the SCL and
SDA pins for proper operation of the 12C module.

The following events will cause the SSP Interrupt Flag
bit, SSPIF, to be set (SSP Interrupt will occur if
enabled):

« Start condition

« Stop condition

» Data transfer byte transmitted/received

Master mode of operation can be done with either the
Slave mode idle (SSPM<3:0> = 1011), or with the
Slave active. When both Master and Slave modes are
enabled, the software needs to differentiate the
source(s) of the interrupt.

13.14 Multi-Master Mode

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions, allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the SSP
module is disabled. The Stop (P) and Start (S) bits will
toggle based on the Start and Stop conditions. Control
of the 12C bus may be taken when bit P (SSPSTAT<4>)
is set, or the bus is idle and both the S and P bits clear.
When the bus is busy, enabling the SSP Interrupt will
generate the interrupt when the Stop condition occurs.

In Multi-Master operation, the SDA line must be
monitored to see if the signal level is the expected
output level. This check only needs to be done when a
high level is output. If a high level is expected and a low
level is present, the device needs to release the SDA
and SCL lines (set TRISB<6,4>). There are two stages
where this arbitration can be lost, these are:

* Address Transfer
* Data Transfer

When the slave logic is enabled, the slave continues to
receive. If arbitration was lost during the address
transfer stage, communication to the device may be in
progress. If addressed, an ACK pulse will be generated.
If arbitration was lost during the data transfer stage, the
device will need to re-transfer the data at a later time.

13.14.1 CLOCK SYNCHRONIZATION AND
THE CKP BIT

When the CKP bit is cleared, the SCL output is forced
to ‘0’; however, setting the CKP bit will not assert the
SCL output low until the SCL output is already sampled
low. Therefore, the CKP bit will not assert the SCL line
until an external 1°C master device has already
asserted the SCL line. The SCL output will remain low
until the CKP bit is set and all other devices on the 12C
bus have deasserted SCL. This ensures that a write to
the CKP bit will not violate the minimum high time
requirement for SCL (see Figure 13-12).

© 2005-2015 Microchip Technology Inc.
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14.6 Power-Down Mode (Sleep)

The Power-Down mode is entered by executing a
SLEEP instruction.

If the Watchdog Timer is enabled:

* WDT will be cleared but keeps running.
« PD hit in the STATUS register is cleared.
« TO bitis set.

* Oscillator driver is turned off.

* 1/O ports maintain the status they had before
SLEEP was executed (driving high, low or high-
impedance).

For lowest current consumption in this mode, all I/0O pins
should be either at VDD or Vss, with no external circuitry
drawing current from the I/O pin and the comparators
and CVREF should be disabled. I/O pins that are high-
impedance inputs should be pulled high or low externally
to avoid switching currents caused by floating inputs.
The TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip pull-
ups on PORTA should be considered.

The MCLR pin must be at a logic high level.

Note: It should be noted that a Reset generated
by a WDT time-out does not drive MCLR
pin low.

14.6.1 WAKE-UP FROM SLEEP

The device can wake-up from Sleep through one of the

following events:

1. External Reset input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was enabled).

3. Interrupt from RA2/INT pin, PORTA change or a
peripheral interrupt.

The first event will cause a device Reset. The two latter
events are considered a continuation of program exe-
cution. The TO and PD bits in the STATUS register can
be used to determine the cause of device Reset. The
PD bit, which is set on power-up, is cleared when Sleep
is invoked. TO bit is cleared if WDT Wake-up occurred.

The following peripheral interrupts can wake the device
from Sleep:

1. TMR1interrupt. Timerl must be operating as an
asynchronous counter.

ECCP Capture mode interrupt.

A/D conversion (when A/D clock source is FRC).
EEPROM write operation completion.
Comparator output changes state.
Interrupt-on-change.

External Interrupt from INT pin.

8. EUSART Break detect, I°C slave.

Other peripherals cannot generate interrupts since
during Sleep, no on-chip clocks are present.

No g ksMwd

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up
occurs regardless of the state of the GIE bit. If the GIE
bit is clear (disabled), the device continues execution at
the instruction after the SLEEP instruction. If the GIE bit
is set (enabled), the device executes the instruction
after the SLEEP instruction, then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

Note: If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the
corresponding interrupt flag bits set, the
device will immediately wake-up from
Sleep. The SLEEP instruction is completely
executed.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

14.6.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will
complete as a NOP. Therefore, the WDT and WDT
prescaler and postscaler (if enabled) will not be
cleared, the TO bit will not be set and the PD bit
will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from Sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT prescaler
and postscaler (if enabled) will be cleared, the TO
bit will be set and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruction
should be executed before a SLEEP instruction.

© 2005-2015 Microchip Technology Inc.
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RLF Rotate Left f through Carry SLEEP Enter Sleep mode
Syntax: [label] RLF fd Syntax: [label] SLEEP
Operands: 0<f<127 Operands: None
de[0,1] Operation: 00h — WDT,
Operation: See description below 0 — WDT prescaler,
Status Affected:  C 1-T0,
o ) 0—->PD
Description: The contents of register ‘f’ are . [ —
rotated one bit to the left through Status Affected: ~ TO, PD L
the Carry flag. If ‘'d’ is ‘0’, the Description: The power-down Status bit, PD is
result is placed in the W register. cleared. Time-out Status bit, TO
If ‘d’ is ‘1’, the result is stored is set. Watchdog Timer and its
back in register ‘f". prescaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
Words: 1
Cycles:
Example: RLF REGL, 0
Before Instruction
REGL = 1110 0110
C = 0
After Instruction
REGL = 1110 0110
W = 1100 1100
C = 1
RRF Rotate Right f through Carry SUBLW Subtract W from literal
Syntax: [label] RRF fd Syntax: [label ] SUBLW k
Operands: 0<f<127 Operands: 0<k<255
de[0,1] Operation: k- (W) — (W)
Operation: See description below Status Affected: C, DC, Z
Status Affected:  C Description: The W register is subtracted (2's

Description:

The contents of register ‘' are
rotated one bit to the right through
the Carry flag. If ‘d’ is ‘0, the
result is placed in the W register.
If ‘d’ is ‘1", the result is placed
back in register ‘f’.

complement method) from the 8-bit
literal ‘k’. The result is placed in the
W register.

C=0 W >k
c=1 W <k
DC=0 |W<3:0>>k<3:0>
DC=1 W<3:0> < k<3:0>
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16.2 MPLAB XC Compilers

The MPLAB XC Compilers are complete ANSI C
compilers for all of Microchip’s 8, 16, and 32-bit MCU
and DSC devices. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

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

The free MPLAB XC Compiler editions support all
devices and commands, with no time or memory
restrictions, and offer sufficient code optimization for
most applications.

MPLAB XC Compilers include an assembler, linker and
utilities. The assembler generates relocatable object
files that can then be archived or linked with other relo-
catable object files and archives to create an execut-
able file. MPLAB XC Compiler uses the assembler to
produce its object file. Notable features of the assem-
bler include:

» Support for the entire device instruction set
 Support for fixed-point and floating-point data

» Command-line interface

* Rich directive set

» Flexible macro language

e MPLAB X IDE compatibility

16.3 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code, and COFF files for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB X IDE projects

» User-defined macros to streamline
assembly code

« Conditional assembly for multipurpose
source files

« Directives that allow complete control over the
assembly process

16.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembiler. It can link
relocatable objects from precompiled libraries, using
directives from a linker script.

The MPLIB Obiject Librarian manages the creation and
modification of library files of precompiled 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 Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the assembler to produce its 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 device instruction set

» Support for fixed-point and floating-point data
e Command-line interface

* Rich directive set

» Flexible macro language

* MPLAB X IDE compatibility
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17.2 DC Characteristics: PIC16F631/677/685/687/689/690-1 (Industrial)
PIC16F631/677/685/687/689/690-E (Extended) (Continued)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < Ta < +85°C for industrial
-40°C < TA < +125°C for extended
Conditions
Pilram Device Characteristics Min. Typt | Max. Units
0. VDD Note
D020 Power-down Base — 0.05 1.2 pA 2.0 WDT, BOR, Comparators, VREF and
Current(IPD)(z) _ 0.15 15 HA 3.0 T10OSC disabled
— 0.35 1.8 pA 5.0
— 90 500 nA 3.0 -40°C < TA< +25°C
D021 — 1.0 2.2 pA 2.0 |wDT Current®
— 2.0 4.0 pA 3.0
— 3.0 7.0 pA 5.0
D022 — 42 60 pA 30 |BOR Current®
— 85 122 pA 5.0
D023 — 32 45 pA 2.0 Comparator current®, both
_ 60 78 WA 3.0 comparators enabled
— 120 160 pA 5.0
D024 — 30 36 pA 2.0 | cVrer Current® (high range)
— 45 55 pA 3.0
— 75 95 pA 5.0
D024a* — 39 47 pA 2.0 | cvrer current® (low range)
— 59 72 pA 3.0
— 98 124 pA 5.0
D025 — 2.0 5.0 pA 2.0 T10SC Current, 32.768 kHz
— 25 5.5 pA 3.0
— 3.0 7.0 pA 5.0
D026 — 0.30 1.6 pA 3.0 A/D Current®, no conversion in
— 0.36 1.9 pA 50 |Progress
D027 — 90 125 pA 3.0 VP6 Current
— 125 162 pA 5.0
T Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: The test conditions for all IDD measurements in Active Operation mode are: OSC1 = external square wave, from
rail-to-rail; all /O pins tri-stated, pulled to Vbb; MCLR = VDD; WDT disabled.

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

3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kQ.

4: The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.

5:  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.
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17.3 DC Characteristics: PIC16F631/677/685/687/689/690-E (Extended)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
Conditions
Pilram Device Characteristics Min. Typt Max. Units
0. VDD Note
D020E | Power-down Base — 0.05 9 pA 2.0 |WDT, BOR, Comparators, VREF and
Current(Ipp)® — 015 n A 30 |T1OSC disabled
— 0.35 15 pA 5.0
— 90 500 nA 3.0 |[-40°C <Ta<+25°C
DO21E — 1.0 17.5 pA 2.0 |WDT Current®
— 2.0 19 pA 3.0
— 3.0 22 pA 5.0
D022E — 42 65 pA 3.0 |[BOR current®
— 85 127 pA 5.0
D023E — 32 45 pA 2.0 Comparator current®, both
_ 60 78 uA 3.0 comparators enabled
— 120 160 pA 5.0
DO24E — 30 70 pA 2.0 | cVrer current® (high range)
— 45 90 pA 3.0
— 75 120 pA 5.0
DO24AE* — 39 91 A 2.0 | CVRer Current® (low range)
— 59 117 pA 3.0
— 98 156 pA 5.0
D025E — 2.0 18 pA 2.0 | T10SC Current
— 25 21 pA 3.0
— 3.0 24 pA 5.0
D026E — 0.30 12 pA 3.0 |A/D current®, no conversion in
— 0.36 16 pA 5.0 |Progress
D027E — 90 130 pA 3.0 |VP6 Current
— 125 170 pA 5.0
t Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: The test conditions for all IDD measurements in Active Operation mode are: OSC1 = external square wave, from
rail-to-rail; all I/O pins tri-stated, pulled to Vbb; MCLR = Vbb; WDT disabled.

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

3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kQ.

4:  The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.

5. 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.
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TABLE 17-18: ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES (VDD > 3.0V,

VREF > 2.5V)
ADC Clock Period (TAD) Device Frequency (FOsC)

ADC Clock Source ADCS<2:0> 20 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 100 ns 250 ns 500 ns 2.0 ps
Fosc/4 100 200 ns 500 ns 1.0 us 4.0 us
Fosc/8 001 400 ns 1.0 us 2.0 ps 8.0 us
Fosc/16 101 800 ns 2.0 ps 4.0 us 16.0 ps
Fosc/32 010 1.6 us 4.0 us 8.0 us 32.0 us
Fosc/64 110 3.2 s 8.0 us 16.0 ps 64.0 us

Frc x11 2-6 ps 2-6 ps 2-6 ps 2-6 ps

Legend: Shaded cells should not be used for conversions at temperatures above +125°C.
Note 1. TaD must be between 1.6 us and 4.0 ps.
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18.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VbD
range). This is for information only and devices are ensured to operate properly only within the specified range.

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum” represents
(mean + 3c) or (mean - 3o) respectively, where c is a standard deviation, over each temperature range.

FIGURE 18-1: TYPICAL IpD vs. Fosc OVER Vbb (EC MODE)
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20-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
/V\ [~~~ a4X
0
4
— - L |———
(L1) | ~——
4X B
| —
VIEW C
Units MILLIMETERS
Dimension Limits MIN | NoMm | MAX
Number of Pins N 20
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 12.80 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle ) 0° - -
Foot Angle 2 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom [ 5° - 15°
Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing No. C04-094C Sheet 2 of 2
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THE MICROCHIP WEB SITE

Microchip provides online support via our web site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://www.microchip.com/support
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
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