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MICROCHIP

PIC16F684

14-Pin Flash-Based, 8-Bit CM OS Microcontrollerswith nanoWatt Technology

High-Performance RISC CPU:

¢ Only 35 instructions to learn:
- All single-cycle instructions except branches
e Operating speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
« Interrupt capability
» 8-level deep hardware stack
« Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

» Precision Internal Oscillator:
- Factory calibrated to £1%
- Software selectable frequency range of
8 MHz to 31 kHz
- Software tunable
- Two-speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
* Power-saving Sleep mode
» Wide operating voltage range (2.0V-5.5V)
« Industrial and Extended Temperature range
+ Power-on Reset (POR)
* Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
* Brown-out Detect (BOD) with software control
option
» Enhanced low-current Watchdog Timer (WDT)
with on-chip oscillator (software selectable
nominal 268 seconds with full prescaler) with
software enable
« Multiplexed Master Clear with pull-up/input pin
« Programmable code protection
» High Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years

Low-Power Features:

« Standby Current:
- 1nA @ 2.0V, typical
e Operating Current:
- 8.5 pA @ 32 kHz, 2.0V, typical
- 100 pA @ 1 MHz, 2.0V, typical
« Watchdog Timer Current:
- 1 pA @ 2.0V, typical

Peripheral Features:

« 12 1/O pins with individual direction control:

- High current source/sink for direct LED drive
- Interrupt-on-pin change
- Individually programmable weak pull-ups
- Ultra Low-power Wake-up (ULPWU)
* Analog comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(CVREF) module (% of VDD)
- Comparator inputs and outputs externally
accessible
* A/D Converter:
- 10-bit resolution and 8 channels
 TimerO: 8-bit timer/counter with 8-bit
programmable prescaler
* Enhanced Timerl:
- 16-bit timer/counter with prescaler
- External Gate Input mode
- Option to use OSC1 and OSC2 in LP mode
as Timerl oscillator if INTOSC mode
selected
» Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler
+ Enhanced Capture, Compare, PWM module:
- 16-bit Capture, max resolution 12.5 ns
- Compare, max resolution 200 ns
- 10-bit PWM with 1, 2 or 4 output channels,
programmable “dead time”, max frequency
20 kHz
* In-Circuit Serial Programming™ (ICSP™) via two
pins

Program Data Memory ) ]
Device Memory e} 10-bit A/D Comparators Timers
Flash SRAM EEPROM (ch) 8/16-bit
(words) (bytes) (bytes)
PIC16F684 2048 128 256 12 8 2 2/1

© 2004 Microchip Technology Inc.
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PIC16F684

Pin Diagram

14-pin PDIP, SOIC, TSSOP

T
Vob —{ |1 14[J«—Vss
RAB/TICKI/OSC1/CLKIN «—{]2 15 13[]«— RAO/ANO/C1IN+/ICSPDAT/ULPWU

RA4/AN3/T1G/OSC2/CLKOUT «—»[]3  Q 12[]«—» RAL/AN1/CLIN-/VREF/ICSPCLK

RA3/MCLR/VPP 4 R 11[]«— RA2/AN2/TOCKI/INT/CIOUT

RC5/CCP1/P1A s 3 100 RCO/AN4/C2IN+

RC4/C20UT/P1B Oe » o] RC1/AN5/C2IN-
RC3/AN7/P1C i el RC2/AN6/P1D
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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

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

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

Errata

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

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

e Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

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

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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NOTES:
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PIC16F684

1.0 DEVICE OVERVIEW

This document contains device specific information for
the PIC16F684. Additional information may be found in
the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023), which may be obtained from your
local Microchip Sales Representative or downloaded
from the Microchip web site.

The reference manual should be considered a comple-
mentary document to this data sheet and is highly
recommended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

The PIC16F684 is covered by this data sheet. It is
available in 14-pin PDIP, SOIC and TSSOP packages.
Figure 1-1 shows a block diagram of the PIC16F684
device. Table 1-1 shows the pinout description.

FIGURE 1-1: PIC16F684 BLOCK DIAGRAM
INT
13 b 'C : K Data Bus 8 PORTA
<i| rogram Counter
Flash JL RAD
2k X 14 RA1
Program RAM [ RA2
Memory 8-Level Stack 128 Bytes RA3
(13-Bit) F_ile e~ RA4
Registers RA5
Program 14
Bus RAM Addr
Instruction Reg
‘ Indirect PORTC
; 7 ndirec
Direct Addr Addr RCO
RC1
RC2
M
T
Status Reg RC3
8 RC4
RC5
3
Power-up
\/ Timer ﬂ
Instruction Oscillator
Decode & Start-up Timer ALU
Control
Power-on 8 |
Reset
Timing Watchdo
OSCI/CLKIN Generation <= Timer 9
Brown-out
OSC2/CLKOUT Detect
Internal
Oscillator
Block
& o CCP1/P1A P1B P1C P1D
% MCLR VDD Vss |le |Zj |Xl| Bf
T1CKI ¢
IZI > Timer0 Timerl Timer2 ECCP
TOCKI
it 1 i
[ |
- 2 Analog Comparators EEDATA
Analog-To-Digital Converter
and Reference 8 256 Bytes
Data
EEPROM
X X EEADDR
VREF ANO AN1 AN2 AN3 AN4 AN5 AN6 AN7 C1IN- C1lIN+ C1OUT C2IN- C2IN+ C20UT ﬁ
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PIC16F684

TABLE 1-1: PIC16F684 PINOUT DESCRIPTION

Name Function ITnyppuet O#;Sgt Description
RAO/ANO/C1IN+/ICSPDAT/ULPWU RAO TTL CMOS | PORTA I/0O w/programmable pull-up and interrupt-on-change
ANO AN — A/D Channel 0 input

C1lIN+ AN — Comparator 1 input
ICSPDAT TTL CMOS | Serial Programming Data I/O
ULPWU AN — Ultra Low-power Wake-up input
RA1/AN1/C1IN-/VREF/ICSPCLK RA1 TTL CMOS | PORTA I/0 w/programmable pull-up and interrupt-on-change
AN1 AN — A/D Channel 1 input
C1IN- AN — Comparator 1 input
VREF AN — External Voltage Reference for A/D
ICSPCLK ST — Serial Programming Clock
RA2/AN2/TOCKI/INT/C1OUT RA2 ST CMOS | PORTA I/0O w/programmable pull-up and interrupt-on-change
AN2 AN — A/D Channel 2 input
TOCKI ST — TimerO0 clock input
INT ST — External Interrupt
Cl0uUT — CMOS | Comparator 1 output
RA3/MCLR/VPP RA3 TTL — PORTA input with interrupt-on-change
MCLR ST — Master Clear w/internal pull-up
VpPp HV — Programming voltage
RA4/AN3/T1G/OSC2/CLKOUT RA4 TTL CMOS | PORTA I/O w/programmable pull-up and interrupt-on-change
AN3 AN — A/D Channel 3 input
T1G ST — Timerl gate
0OSsC2 — XTAL | Crystal/Resonator
CLKOUT — CMOS | Fosc/4 output
RAS5/T1CKI/OSC1/CLKIN RA5 TTL CMOS | PORTA I/0O w/programmable pull-up and interrupt-on-change
T1CKI ST — Timer1 clock
0OSsC1 XTAL — Crystal/Resonator
CLKIN ST — External clock input/RC oscillator connection
RCO/AN4/C2IN+ RCO TTL CMOS | PORTC I/O
AN4 AN — A/D Channel 4 input
C2IN+ AN — Comparator 2 input
RC1/AN5/C2IN- RC1 TTL CMOS | PORTC I/O
AN5 AN — A/D Channel 5 input
C2IN- AN — Comparator 2 input
RC2/AN6/P1D RC2 TTL CMOS | PORTC I/O
AN6 AN — A/D Channel 6 input
P1D — CMOS | PWM output
RC3/AN7/P1C RC3 TTL CMOS | PORTC I/O
AN7 AN — A/D Channel 7 input
Pi1C — CMOS | PWM output
RC4/C20UT/P1B RC4 TTL CMOS | PORTC I/O
C20UT — CMOS | Comparator 2 output
P1B — CMOS | PWM output
RC5/CCP1/P1A RC5 TTL CMOS | PORTC I/O
CCP1 ST CMOS | Capture input/Compare output
P1A — CMOS | PWM output
Vss Vss Power — Ground reference
VDD VDD Power — Positive supply

Legend: TTL = TTL input buffer, ST = Schmitt Trigger input buffer, AN = Analog input

DS41202C-page 6
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PIC16F684

2.0 MEMORY ORGANIZATION

2.1 Program Memory Organization

The PIC16F684 has a 13-bit program counter capable
of addressing an 8k x 14 program memory space. Only
the first 2k x 14 (0000h-07FFh) for the PIC16F684 is
physically implemented. Accessing a location above
these boundaries will cause a wrap around within the
first 2k x 14 space. The Reset vector is at 0000h and
the interrupt vector is at 0004h (see Figure 2-1).
FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK FOR THE
PIC16F684

PC<12:0>
CALL, RETURN 13
RETFI E, RETLW

Stack Level 1

Stack Level 2

L]
L]
[ ]

Stack Level 8

Reset Vector 000h
Interrupt Vector 0004
0005

On-chip Program
Memory
07FFh

0800h

1FFFh

2.2 Data Memory Organization

The data memory (see Figure 2-2) is partitioned into
two banks, which contain the General Purpose Regis-
ters (GPR) and the Special Function Registers (SFR).
The Special Function Registers are located in the first
32 locations of each bank. Register locations 20h-7Fh
in Bank 0 and AOh-BFh in Bank 1 are General Purpose
Registers, implemented as static RAM. Register
locations FOh-FFh in Bank 1 point to addresses
70h-7Fh in Bank 0. All other RAM is unimplemented
and returns ‘0’ when read. RPO (Status<5>) is the bank
select bit.

RPO=0: - Bank O is selected
RPO=1: - Bank 1is selected

Note: The IRP and RP1 bits Status<7:6> are
reserved and should always be
maintained as ‘0’s.

© 2004 Microchip Technology Inc.
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PIC16F684

221 GENERAL PURPOSE REGISTER FIGURE 2-2: DATA MEMORY MAP OF
FILE THE PIC16F684
The register file is organized as 128 x 8 in the File File
PIC16F684. Each register is accessed, either directly Address Address
or indirectly, through the File Select Register (FSR) Indirect Addr.® | ooh Indirect Addr. ) | 8o
(see Section 2.4 “Indirect Addressing, INDF and TMRO 01h OPTION REG 81h
FSR Registers”). PCL o02h PeL 82h
2.2.2 SPECIAL FUNCTION REGISTERS STATUS osh STATUS o
FSR 04h FSR 84h
The Special Function Registers are registers used by PORTA 05h TRISA 85h
the CPU and peripheral functions for controlling the 06h 86h
desired operation of the device (see Table 2-1). These PORTC o7h TRISC a7h
registers are static RAM. 08h 8sh
The special registers can be classified into two sets: 09h 89h
core and peripheral. The Special Function Registers PCLATH 0Ah PCLATH 8Ah
associated with the “core” are described in this section. INTCON 0Bh INTCON 8Bh
Those related to the operation of the peripheral PIR1 och PIE1 8Ch
features are described in the section of that peripheral oDh 8Dh
feature. TMRIL OEh PCON 8Eh
TMR1H OFh OSCCON 8Fh
T1CON 10h OSCTUNE 90h
TMR2 11h ANSEL 91h
T2CON 12h PR2 92h
CCPR1L 13h 93h
CCPRI1H 14h 94h
CCP1CON 15h WPUA 95h
PWM1CON 16h IOCA 96h
ECCPAS 17h 97h
WDTCON 18h 98h
CMCONO 19h VRCON 99h
CMCON1 1Ah EEDAT 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2W 9Dh
ADRESH 1Eh ADRESL 9Eh
ADCONO 1Fh ADCON1 9Fh
20h General AOh
Purpose
Registers
General 32 Bytes BFh
Purpose
Registers
96 Bytes
FOh
ACCESSES 70h-7Fh
7Fh FFh
BANK 0 BANK 1
D Unimplemented data memory locations, read as ‘0’
Note 1: Not a physical register.

DS41202C-page 8 Prelimin ary © 2004 Microchip Technology Inc.
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TABLE 2-1: PIC16F684 SPECIAL REGISTERS SUMMARY BANK 0

Addr Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\/OE"F:eB"Or‘D Page
Bank O
00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX | 17,99
01h TMRO TimerO Module’s register XXXX XXXX | 45,99
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 | 17,99
03h | STATUS rp® [ rRP® | R0 | 0 | 0 | z [ bc | ¢ 0001 1xxx | 11,99
04h FSR Indirect Data Memory Address Pointer XXXX XXXX | 17,99
05h | PORTA — | — ] res | rada | Rraz | Rra2z | RAL | RAOD [--xx xooxx | 31,99
06h — Unimplemented — —
o7h | PORTC — | — ] res | rea | Reza | rez | Rer | Rco[--xx xxxx | 40,99
08h — Unimplemented — —
09h — Unimplemented — —
OAh PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 | 17,99
0Bh INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF | 0000 0000 | 13,99
och PIR1 EEIF ADIF CCP1IF C2IF C1IF OSFIF TMR2IF | TMR1IF | 0000 0000 | 15,99
0Dh — Unimplemented — —
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 XXXX XXXX | 49,99
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 XXXX XXXX | 49,99
10h T1CON T1GINV ‘ TMR1GE ‘ T1CKPS1 ‘ T1CKPSO ‘ T10SCEN ‘ T1SYNC ‘ TMRLCS ‘ TMR1ON |0000 0000 | 51,99
11h TMR2 Timer2 Module register 0000 0000 | 53,99
12h | T2cON — | routpss | Toutes2 | Toutpst | TouTPso | TMR20N | T2cKPS1 | T2cKPSO |- 000 0000 | 53, 99
13h CCPRI1L Capture/Compare/PWM Register 1 Low Byte XX XXXX | 75, 99
14h CCPR1H Capture/Compare/PWM Register 1 High Byte XXX XXXX | 75,99
15h CCP1CON | PiM1 P1MO DC1B1 | DC1BO | CCPIM3 | CCP1M2 | CCPiM1 | ccPimo |0000 0000 | 75,99
16h PWM1CON | PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO | 0000 0000 | 85,99
17h ECCPAS | ECCPASE | ECCPAS2 | ECCPAS1 | ECCPASO | PSSACL | PSSACO | PSSBD1 | PSSBDO |0000 0000 | 86,99
18h WDTCON — — — WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN |---0 1000 | 106, 99
19h CMCONO c20uT c1ouT C2INV C1INV cis cm2 cMm1 CMO |0000 0000 | 55,99
1Ah CMCON1 — — — — — — T1IGSS | C2SYNC |---- --10]| 59,99
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh ADRESH Most Significant 8 bits of the left shifted A/D result or 2 bits of right shifted result XXXX XXXX | 65,99
1Fh ADCONO ADFM VCFG — CHS2 CHS1 CHSO |GO/DONE| ADON |00-0 0000 | 66,99
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition, shaded =

unimplemented
Note 1. IRP and RP1 bits are reserved, always maintain these bits clear.

© 2004 Microchip Technology Inc. Prelimin ary DS41202C-page 9
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TABLE 2-2: PIC16F684 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 PVOaIIQLfeBOOnD Page
Bank 1

80h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX Xxxx | 17,99
sth |oprion REG| RAPU | INTEDG | Tocs | Ttose | pPsa | ps2 | pst | Pso [1111 1111 12,99
82h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 | 17,99
83h | STATUS rp® [ rP® | rro | 76 | o | z | bc | ¢ 0001 1xxx | 11,99
84h FSR Indirect Data Memory Address Pointer XXXX XXXX | 17,99
85h | TRISA — | — | trisas | Trisaa | TRisas | TRisa2 | TRisal | TRisao [--11 1111 32,99
86h — Unimplemented — —
87h | TRISC — | — | Triscs | Ttrisca | TRisca | TRiscz | TRisci | TRisco [--11 1111 43,99
88h — Unimplemented — —
89h — Unimplemented — —
8Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 | 17,99
8Bh INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 | 13,99
8Ch PIE1 EEIE ADIE CCP1IE C2IE ClIE OSFIE TMR2IE TMR1IE | 0000 0000 | 14,99
8Dh — Unimplemented — —
8Eh PCON = = ULPWUE | SBODEN = = POR BOD |[--01 --qq| 16,99
8Fh OSCCON — IRCF2 IRCF1 IRCFO 0sTS®@ HTS LTS SCS -110 x000 | 29,99
90h OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO ---0 0000 | 23,99
91h ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 | 65,99
92h PR2 Timer2 Module Period Register 1111 1111 | 53,99
93h — Unimplemented — —
94h — Unimplemented — —
95h wPUA®) — — WPUAS5 WPUA4 — WPUA2 WPUA1 WPUAO |--11 -111| 32,100
96h I0CA — — IOCAS5 I0CA4 I0CA3 I0OCA2 IOCAL I0OCAO --00 0000 | 33, 100
97h — Unimplemented — —
98h — Unimplemented — —
99h VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 | 62, 100
9Ah EEDAT EEDAT7 EEDAT6 EEDAT5 EEDAT4 EEDAT3 EEDAT2 EEDAT1 EEDATO | 0000 0000 | 71, 100
9Bh EEADR EEADR7 EEADR6 | EEADR5 | EEADR4 | EEADR3 EEADR2 EEADR1 EEADRO | 0000 0000 | 71, 100
9Ch EECON1 — — — — WRERR WREN WR RD ---- x000 | 72,100
9Dh EECON2 EEPROM Control Register 2 (not a physical register) ---- ----]72,100
9Eh ADRESL Least Significant 2 bits of the left shifted result or 8 bits of the right shifted result XXXX XXXX | 65,100
9Fh ADCON1 — ADCS2 ADCS1 ADCSO0 — — — — -000 ---- | 66,100
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition, shaded = unimplemented
Note 1: IRP and RP1 bits are reserved, always maintain these bits clear.

2: OSTS hit OSCCON <3> reset to ‘0’ with Dual Speed Start-up and LP, HS or XT selected as the oscillator.
3:  RAS3pull-up is enabled when MCLRE is ‘1’ in the Configuration Word register.

DS41202C-page 10 Prelimin ary © 2004 Microchip Technology Inc.
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2.2.2.1 Status Register
The Status register, shown in Register 2-1, contains:

» the arithmetic status of the ALU
* the Reset status
« the bank select bits for data memory (SRAM)

The Status register can be the destination for any
instruction, like any other register. If the Status register
is the destination for an instruction that affects the Z,
DC or C bits, then the write to these three bits is dis-
abled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
Status register as destination may be different than
intended.

For example, CLRF STATUS, will clear the upper three
bits and set the Z bit. This leaves the Status register as
‘000u uluu’ (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWWF instructions are used to alter the
Status register, because these instructions do not affect
any Status bits. For other instructions not affecting any
Status bits, see the “Instruction Set Summary”.

Note 1: Bits IRP and RP1 (Status<7:6>) are not
used by the PIC16F684 and should be
maintained as clear. Use of these bits is
not recommended, since this may affect
upward compatibility with future products.

2: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLWand SUBWF

instructions for examples.

REGISTER 2-1: STATUS — STATUS REGISTER (ADDRESS: 03h OR 83h)
Reserved Reserved R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO 7o | pp | z | bC c
bit 7 bit 0
bit 7 IRP: This bit is reserved and should be maintained as ‘0’
bit 6 RP1: This bit is reserved and should be maintained as ‘0’
bit 5 RPO: Register Bank Select bit (used for direct addressing)
1 =Bank 1 (80h — FFh)
0 = Bank 0 (00h — 7Fh)
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = AWDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRADT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit carry/borrow bit (ADDW, ADDLW SUBLW SUBWF instructions)

For borrow, the polarity is reversed.

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit O C: Carry/borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high-order or low-order bit of the source register.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

© 2004 Microchip Technology Inc.
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2.2.2.2 Option Register

The Option register is a readable and writable register,
which contains various control bits to configure:

 TMRO/WDT prescaler

Note:  To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT by
setting PSA bitto ‘1’ (OPTION_REG<3>).
See Section 5.4 “Prescaler”.

o External RA2/INT interrupt

* TMRO

* Weak pull-ups on PORTA

REGISTER 2-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

OPTION_REG — OPTION REGISTER (ADDRESS: 81h)

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

RAPU | INTEDG | Tocs | Tose | Psa | ps2 | Pst PSO

bit 7

RAPU: PORTA Pull-up Enable bit

1 = PORTA pull-ups are disabled

0 = PORTA pull-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RA2/INT pin

0 = Interrupt on falling edge of RA2/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA2/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA2/TOCKI pin
0 = Increment on low-to-high transition on RA2/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

bit 0

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
m 1:256 1:128
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ =Bitis cleared  x = Bitis unknown

DS41202C-page 12
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PIC16F684

2.2.2.3 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMRO register overflow, PORTA change and
external RA2/INT pin interrupts.

REGISTER 2-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note:

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to
enabling an interrupt.

R/W-0 R/W-0 R/W-0 R/W-0

INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh OR 8Bh)

R/W-0 R/W-0 R/W-0 R/W-0

GIE PEIE TOIE INTE ‘

RAIE | TOIF INTF | RAF

bit 7

GIE: Global Interrupt Enable bit
1 = Enables all unmasked interrupts
0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

INTE: RA2/INT External Interrupt Enable bit
1 = Enables the RA2/INT external interrupt
0 = Disables the RA2/INT external interrupt

RAIE: PORTA Change Interrupt Enable bitH)
1 = Enables the PORTA change interrupt
0 = Disables the PORTA change interrupt

TOIF: TMRO Overflow Interrupt Flag bit?®

bit 0

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow
INTF: RA2/INT External Interrupt Flag bit

1 = The RA2/INT external interrupt occurred (must be cleared in software)

0 = The RA2/INT external interrupt did not occur

RAIF: PORTA Change Interrupt Flag bit

1 = When at least one of the PORTA <5:0> pins changed state (must be cleared in software)
0 = None of the PORTA <5:0> pins have changed state

Note 1. IOCA register must also be enabled.

2: TOIF bit is set when TimerO rolls over. TimerO is unchanged on Reset and should

be initialized before clearing TOIF bit.

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

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

© 2004 Microchip Technology Inc. Prelimin ary
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2.2.2.4 PIE1 Register

The PIE1 register contains the interrupt enable bits, as Note:
shown in Register 2-4.

Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

REGISTER 2-4: PIE1 - PERIPHERAL INTERRUPT ENABLE REGISTER 1 (ADDRESS: 8Ch)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

EEIE ADIE | CCP1IE C2IE CLE | OSFIE | TMR2IE | TMRLIE |

bit 7

bit 7 EEIE: EE Write Complete Interrupt Enable bit
1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt

bit 5 CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
bit 4 C2IE: Comparator 2 Interrupt Enable bit
1 = Enables the Comparator 2 interrupt
0 = Disables the Comparator 2 interrupt
bit 3 C1IE: Comparator 1 Interrupt Enable bit
1 = Enables the Comparator 1 interrupt
0 = Disables the Comparator 1 interrupt
bit 2 OSFIE: Oscillator Fail Interrupt Enable bit
1 = Enables the oscillator fail interrupt
0 = Disables the oscillator fail interrupt
bit 1 TMR2IE: Timer2 to PR2 Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt
bit 0 TMRL1IE: Timerl Overflow Interrupt Enable bit
1 = Enables the Timerl overflow interrupt
0 = Disables the Timerl overflow interrupt

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

DS41202C-page 14 Preliminary
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2.2.25 PIR1 Register

The PIR1 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 2-5.

REGISTER 2-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to
enabling an interrupt.

PIR1 - PERIPHERAL INTERRUPT REQUEST REGISTER 1 (ADDRESS: 0Ch)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

EEIF ADIF | ccPuF | c2IF | cuF | OSFIF | TMR2IF | TMRIIF |

bit 7 bit 0

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)

0 = The write operation has not completed or has not been started
ADIF: A/D Interrupt Flag bit

1 = A/D conversion complete

0 = A/D conversion has not completed or has not been started
CCP1IF: CCP1 Interrupt Flag bit

Capture mode:
1 = ATMRL1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:
1 = A TMRL1 register compare match occurred (must be cleared in software)

0 = No TMR1 register compare match occurred

PWM mode:

Unused in this mode

C2IF: Comparator 2 Interrupt Flag bit

1 = Comparator 2 output has changed (must be cleared in software)
0 = Comparator 2 output has not changed

C1IF: Comparator 1 Interrupt Flag bit

1 = Comparator 1 output has changed (must be cleared in software)
0 = Comparator 1 output has not changed

OSFIF: Oscillator Fail Interrupt Flag bit

1 = System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = System clock operating

TMR2IF: Timer2 to PR2 Match Interrupt Flag bit

1 = Timer2 to PR2 match occurred (must be cleared in software)

0 = Timer2 to PR2 match has not occurred

TMR1IF: Timerl Overflow Interrupt Flag bit

1 = Timer1 register overflowed (must be cleared in software)
0 = Timerl has not overflowed

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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2.2.2.6 PCON Register

The Power Control (PCON) register (see Table 12-2)
contains flag bits to differentiate between a:

* Power-on Reset (POR)

* Brown-out Detect (BOD)

e Watchdog Timer Reset (WDT)

» External MCLR Reset

The PCON register also controls the ultra low-power
wake-up and software enable of the BOD.

The PCON register bits are shown in Register 2-6.

REGISTER 2-6: PCON — POWER CONTROL REGISTER (ADDRESS: 8Eh)

uU-0 u-0 R/W-0 R/W-1 U-0 U-0 R/W-0 R/W-x
— — ULPWUE \ SBODEN \ — \ — | POR BOD
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5 ULPWUE: Ultra Low-Power Wake-up Enable bit

1 = Ultra low-power wake-up enabled
0 = Ultra low-power wake-up disabled
bit 4 SBODEN: Software BOD Enable bit(%)
1 =BOD enabled
0 = BOD disabled
bit 3-2 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 BOD: Brown-out Detect Status bit
1 = No Brown-out Detect occurred
0 = A Brown-out Detect occurred (must be set in software after a Brown-out Detect occurs)

Note 1: BODEN<1:0>=01 in the Configuration Word register for this bit to control the BOD.

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
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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 high byte (PC<12:8>) is not
directly readable or writable and comes from PCLATH.
On any Reset, the PC is cleared. Figure 2-3 shows the
two situations for the loading of the PC. The upper
example in Figure 2-3 shows how the PC is loaded on a
write to PCL (PCLATH<4:0> - PCH). The lower exam-
ple in Figure 2-3 shows how the PC is loaded during a
CALL or GOTQinstruction (PCLATH<4:3> . PCH).

FIGURE 2-3: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
Instruction with
12 8 7 0 PCL as
PC | | Destination
E PCLATH<4:0> ﬁ 8
5 ALU Result
LI T
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | s | cora caLL
PCLATH<4:3> 11
2 g\ L«:. OPCODE <10:0>
LI T T T TTT]
PCLATH

23.1 COMPUTED GOTO

A computed GOTOis accomplished by adding an offset
to the program counter (ADDWF PCL). When perform-
ing 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”
(DS00556).

2.3.2 STACK

The PIC16F684 Family has an 8-level x 13-bit wide
hardware stack (see Figure 2-1). 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, RETLWand RETFIE
instructions or the vectoring to an
interrupt address.

2.4 Indirect Addressing, INDF and
FSR Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register
actually accesses data pointed to by the File Select
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no operation (although Status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR and the IRP bit
(Status<7>), as shown in Figure 2-4.

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 2-1.

EXAMPLE 2-1: INDIRECT ADDRESSING

MOVLWOx20; i nitialize pointer
MOVWFFSR; t o RAM

NEXT CLRFI NDF ; cl ear | NDF register
I NCFFSR ; I NC PO NTER
BTFSSFSR, 4; al | done?
GOTONEXT ; no cl ear next

CONTI NUE ;yes continue

© 2004 Microchip Technology Inc.
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FIGURE 2-4:

DIRECT/INDIRECT ADDRESSING PIC16F684

Direct Addressing

Indirect Addressing

rRP1Y) RPO 6 From Opcode 0 IRPM) 7  File Select Register 0
\ A\ J \\ V A \4 J
Bank Select Location Select Bank Select Location Select
\ | > 00 01 10 1 </
00h 180h
Data NOT USED
Memory
7Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

For memory map detail, see Figure 2-2.

Note 1:

The RP1 and IRP bits are reserved; always maintain these bits clear.
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3.0 CLOCK SOURCES

3.1 Overview

The PIC16F684 has a wide variety of clock sources
and selection features to allow it to be used in a wide
range of applications while maximizing performance
and minimizing power consumption. Figure 3-1
illustrates a block diagram of the PIC16F684 clock
sources.

Clock sources can be configured from external
oscillators, quartz crystal resonators, ceramic
resonators and Resistor-Capacitor (RC) circuits. In
addition, the system clock source can be configured
from one of two internal oscillators, with a choice of
speeds selectable via software. Additional clock
features include:

» Selectable system clock source between external
or internal via software.

« Two-Speed Clock Start-up mode, which mini-
mizes latency between external oscillator start-up
and code execution.

 Fail-Safe Clock Monitor (FSCM) designed to

The PIC16F684 can be configured in one of eight clock
modes.

1. EC - External clock with /0O on RA4.

2. LP - Low gain Crystal or Ceramic Resonator
Oscillator mode.

3. XT - Medium gain Crystal or Ceramic Resona-
tor Oscillator mode.

4. HS — High gain Crystal or Ceramic Resonator
mode.

5. RC - External Resistor-Capacitor (RC) with
Fosc/4 output on RA4.

6. RCIO - External Resistor-Capacitor with I/O on
RA4.

7. INTRC - Internal oscillator with Fosc/4 output
on RA4 and I/0 on RAS.

8. INTRCIO - Internal oscillator with 1/0 on RA4
and RAS.

Clock source modes are configured by the FOSC<2:0>
bits in the Configuration Word register (see
Section 12.0 “Special Features of the CPU”). The
internal clock can be generated by two oscillators. The
HFINTOSC is a high-frequency calibrated oscillator.

detect a failure of the external clock source (LP, The LFINTOSC is a low-frequency uncalibrated
XT, HS, EC or RC modes) and switch to the oscillator.

internal oscillator.

FIGURE 3-1: PIC16F684 CLOCK SOURCE BLOCK DIAGRAM
FOSC<2:0>
(Configuration Word)
External Oscillator SCS
(OSCCON<0>)
osc2

A

R~ LP, XT, HS, RC, RCIO, EC
OSC1 |E I\/ -
IRCF<2:0>
(OSCCONK<6:4>)
8 MHz 111
Internal Oscillator 4 MHz >
1110
2 MHz _
= 101
<@ 1 MHz
HFINTOSC < 100 %
j%]
8 MHz g 500 kHz 011 s
o
250 kHz > 010
125 kHz > 001
LFINTOSC 31 kHz »1000
31 kHz

—
System Clock
(CPU and Peripherals)

MUX

Power-up Timer (PWRT)

Watchdog Timer (WDT)
Fail-Safe Clock Monitor (FSCM)
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3.2 Clock Source Modes

Clock source modes can be classified as external or
internal.

« External clock modes rely on external circuitry for
the clock source. Examples are oscillator modules
(EC mode), quartz crystal resonators or ceramic
resonators (LP, XT and HS modes), and
Resistor-Capacitor (RC mode) circuits.

« Internal clock sources are contained internally
within the PIC16F684. The PIC16F684 has two
internal oscillators, the 8 MHz High-Frequency
Internal Oscillator (HFINTOSC) and 31 kHz
Low-Frequency Internal Oscillator (LFINTOSC).

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bit (see Section 3.5 “Clock Switching”).

3.3 External Clock Modes

3.3.1 OSCILLATOR START-UP TIMER (OST)

If the PIC16F684 is configured for LP, XT or HS modes,
the Oscillator Start-up Timer (OST) counts 1024 oscil-
lations from the OSC1 pin, following a Power-on Reset
(POR) and the Power-up Timer (PWRT) has expired (if
configured), or a wake-up from Sleep. During this time,
the program counter does not increment and program
execution is suspended. The OST ensures that the
oscillator circuit, using a quartz crystal resonator or
ceramic resonator, has started and is providing a stable
system clock to the PIC16F684. When switching
between clock sources a delay is required to allow the
new clock to stabilize. These oscillator delays are
shown in Table 3-1.

In order to minimize latency between external oscillator
start-up and code execution, the Two-Speed Clock
Start-up mode can be selected (see Section 3.6
“Two-Speed Clock Start-up Mode”).

TABLE 3-1: OSCILLATOR DELAY EXAMPLES
Switch From Switch To Frequency Oscillator Delay
Sleep/POR h?l%’ggg 125 kngz l:? & MHz
Sleep/POR EC, RC DC — 20 MHz 5 is-10 s (approx.) CPU Start-up™
LFINTOSC (31 kHz) EC, RC DC — 20 MHz
Sleep/POR LP, XT, HS 31 kHz to 20 MHz 1024 Clock Cycles (OST)
LFINTOSC (31 kHz) HFINTOSC 125 kHz to 8 MHz 1 ps (approx.)

Note 1: The 5 psto 10 ps start-up delay is based on a 1 MHz system clock.

3.3.2 EC MODE

The External Clock (EC) mode allows an externally
generated logic level as the system clock source.
When operating in this mode, an external clock source
is connected to the OSC1 pin and the RA5 pin is
available for general purpose 1/O. Figure 3-2 shows the
pin connections for EC mode.

The Oscillator Start-up Timer (OST) is disabled when
EC mode is selected. Therefore, there is no delay in
operation after a Power-on Reset (POR) or wake-up
from Sleep. Because the PIC16F684 design is fully
static, stopping the external clock input will have the
effect of halting the device while leaving all data intact.
Upon restarting the external clock, the device will
resume operation as if no time had elapsed.

FIGURE 3-2: EXTERNAL CLOCK (EC)

MODE OPERATION

Clock from ~>o—> OSC1/CLKIN
Ext. System PIC16F684

RA4 -<«—» I/O (OSC2)
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3.3.3 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
the OSC1 and OSC2 pins (Figure 3-1). 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 con-
sumption is the least of the three modes. This mode is
best suited to drive resonators with a low drive level
specification, for example, tuning fork type 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, for example,
low-frequency/AT-cut quartz crystal resonators.

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, for example, high-frequency/AT-cut
guartz crystal resonators or ceramic resonators.

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)
PIC16F684 .- ----- -,
| 0sc1
c1
Quartz
Crystal
= oscz |’
Cc2

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
according to type, package and manufac-
turer. The user should consult the manu-
facturer data sheets for specifications and
recommended application.

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

FIGURE 3-4:

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

PIC16F684

OSsC1 | !

Cc2

Note 1:

Ceramic
Resonator

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

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

An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation (typical value 1 MQ).

© 2004 Microchip Technology Inc.
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3.3.4 EXTERNAL RC MODES

The External Resistor-Capacitor (RC) modes support
the use of an external RC circuit. This allows the
designer maximum flexibility in frequency choice while
keeping costs to a minimum when clock accuracy is not
required. There are two modes, RC and RCIO.

In RC mode, the RC circuit connects to the OSC1 pin.
The OSC2/CLKOUT pin outputs the RC oscillator
frequency divided by 4. This signal may be used to
provide a clock for external circuitry, synchronization,
calibration, test or other application requirements.
Figure 3-5 shows the RC mode connections.

FIGURE 3-5: RC MODE
VDD
REXT
Internal
OSC1
_I_ * AN Clock
CEXTI lj
Vss - = PIC16F684
-%— OSC2/CLKOUT
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ
CEXT > 20 pF

In RCIO mode, the RC circuit is connected to the OSC1
pin. The OSC2 pin becomes an additional general
purpose I/O pin. The 1/0O pin becomes bit 4 of PORTA
(RA4). Figure 3-6 shows the RCIO mode connections.

FIGURE 3-6: RCIO MODE
VDD
REXT
Internal
OSC1
J_ — 1\ {—» Clock
CEXT I JT;|
Vss = = PIC16F684
RA4 «—»{ 1/0 (OSC2)
Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20 pF

The RC oscillator frequency is a function of the supply
voltage, the resistor (RExT) and capacitor (CEXT)
values and the operating temperature. Other factors
affecting the oscillator frequency are:

« threshold voltage variation

e component tolerances

» packaging variations in capacitance

The user also needs to take into account variation due
to tolerance of external RC components used.

34 Internal Clock Modes

The PIC16F684 has two independent, internal
oscillators that can be configured or selected as the
system clock source.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
8 MHz. The frequency of the HFINTOSC can be
user adjusted +12% via software using the
OSCTUNE register (Register 3-1).

2. The LFINTOSC (Low-Frequency Internal
Oscillator) is uncalibrated and operates at
approximately 31 kHz.

The system clock speed can be selected via software
using the Internal Oscillator Frequency Select (IRCF)
bits.

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bit (see Section 3.5 “Clock Switching”).

3.4.1 INTRC AND INTRCIO MODES

The INTRC and INTRCIO modes configure the internal
oscillators as the system clock source when the device
is programmed using the Oscillator Selection (FOSC)
bits in the Configuration Word register (Register 12-1).

In INTRC mode, the OSC1 pin is available for general
purpose /0. The OSC2/CLKOUT pin outputs the
selected internal oscillator frequency divided by 4. The
CLKOUT signal may be used to provide a clock for
external circuitry, synchronization, calibration, test or
other application requirements.

In INTRCIO mode, the OSC1 and OSC2 pins are
available for general purpose 1/0.

3.4.2 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 8 MHz internal clock source. The
frequency of the HFINTOSC can be altered
approximately £12% via software using the OSCTUNE
register (Register 3-1).

The output of the HFINTOSC connects to a postscaler
and multiplexer (see Figure 3-1). One of seven
frequencies can be selected via software using the
IRCF bits (see Section 3.4.4 “Frequency Select Bits
(IRCF)").

The HFINTOSC is enabled by selecting any frequency
between 8 MHz and 125 kHz (IRCF # 000) as the
system clock source (SCS = 1), or when Two-Speed
Start-up is enabled (IESO = 1 and IRCF # 000).

The HF Internal Oscillator (HTS) bit (OSCCON<2>)
indicates whether the HFINTOSC is stable or not.
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3.4.2.1 OSCTUNE Register

The HFINTOSC is factory calibrated but can be
adjusted in software by writing to the OSCTUNE
register (Register 3-1).

The OSCTUNE register has a tuning range of £12%.
The default value of the OSCTUNE register is ‘0’. The
value is a 5-bit two’s complement number. Due to
process variation, the monotonicity and frequency step
cannot be specified.

When the OSCTUNE register is modified, the
HFINTOSC frequency will begin shifting to the new
frequency. The HFINTOSC clock will stabilize within
1 ms. Code execution continues during this shift. There
is no indication that the shift has occurred.

OSCTUNE does not affect the LFINTOSC frequency.
Operation of features that depend on the LFINTOSC
clock source frequency, such as the Power-up Timer
(PWRT), Watchdog Timer (WDT), Fail-Safe Clock
Monitor (FSCM) and peripherals, are not affected by the
change in frequency.

REGISTER 3-1: OSCTUNE — OSCILLATOR TUNING RESISTOR (ADDRESS: 90h)
U-0 U-0 U-0 RW-0  RW-0 RW-0 RMW-0  RMW-O
— — — TUN4 | TUN3 | TUN2 | TUNL | TUNO
bit 7 bit 0
bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 TUN<4:0>: Frequency Tuning bits

01111 = Maximum frequency
01110 =

00001 =

00000 = Oscillator module is running at the calibrated frequency.

11111 =

10000 = Minimum frequency

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared

X = Bit is unknown

© 2004 Microchip Technology Inc.
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3.4.3 LFINTOSC

The Low-Frequency Internal Oscillator (LFINTOSC) is
an uncalibrated (approximate) 31 kHz internal clock
source.

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 3-1). 31 kHz can be
selected via software using the IRCF bits (see
Section 3.4.4 “Frequency Select Bits (IRCF)”). The
LFINTOSC is also the frequency for the Power-up
Timer (PWRT), Watchdog Timer (WDT) and Fail-Safe
Clock Monitor (FSCM).

The LFINTOSC is enabled by selecting 31 kHz
(IRCF = 000) as the system clock source (SCS = 1), or
when any of the following are enabled:

» Two-Speed Start-up (IESO =1 and IRCF = 000)

e Power-up Timer (PWRT)

* Watchdog Timer (WDT)

 Fail-Safe Clock Monitor (FSCM)

The LF Internal Oscillator (LTS) bit (OSCCON<1>)
indicates whether the LFINTOSC is stable or not.

3.4.4 FREQUENCY SELECT BITS (IRCF)

The output of the 8 MHz HFINTOSC and 31 kHz
LFINTOSC connects to a postscaler and multiplexer
(see Figure 3-1). The Internal Oscillator Frequency
select bits, IRCF<2:0> (OSCCON<6:4>), select the
frequency output of the internal oscillators. One of eight
frequencies can be selected via software:

* 8 MHz

* 4 MHz (Default after Reset)

e 2 MHz

e 1 MHz

* 500 kHz

e 250 kHz

e 125 kHz

e 31 kHz

Note:  Following any Reset, the IRCF bits are set
to ‘110’ and the frequency selection is set
to 4 MHz. The user can modify the IRCF
bits to select a different frequency.

3.4.5 HF AND LF INTOSC CLOCK
SWITCH TIMING

When switching between the LFINTOSC and the
HFINTOSC, the new oscillator may already be shut
down to save power. If this is the case, there is a 10 us
delay after the IRCF bits are modified before the
frequency selection takes place. The LTS/HTS bits will
reflect the current active status of the LFINTOSC and
the HFINTOSC oscillators. The timing of a frequency
selection is as follows:

1. IRCF bits are modified.

2. If the new clock is shut down, a 10 ps clock
start-up delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. CLKOUT is held low and the clock switch
circuitry waits for a rising edge in the new clock.

5. CLKOUT is now connected with the new clock.
HTS/LTS bits are updated as required.

6. Clock switch is complete.

If the internal oscillator speed selected is between
8 MHz and 125 kHz, there is no start-up delay before
the new frequency is selected. This is because the old
and the new frequencies are derived from the
HFINTOSC via the postscaler and multiplexer.
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3.5 Clock Switching

The system clock source can be switched between
external and internal clock sources via software using
the System Clock Select (SCS) bit.

351 SYSTEM CLOCK SELECT (SCS) BIT

The System Clock Select (SCS) bit (OSCCON<0>)
selects the system clock source that is used for the
CPU and peripherals.

* When SCS = 0, the system clock source is
determined by configuration of the FOSC<2:0>
bits in the Configuration Word register (CONFIG).

« When SCS =1, the system clock source is
chosen by the internal oscillator frequency
selected by the IRCF bits. After a Reset, SCS is
always cleared.

Note:  Any automatic clock switch, which may
occur from Two-Speed Start-up or
Fail-Safe Clock Monitor, does not update
the SCS bit. The user can monitor the
OSTS (OSCCON<3>) to determine the
current system clock source.

3.5.2 OSCILLATOR START-UP TIME-OUT
STATUS BIT

The Oscillator Start-up Time-out Status (OSTS) bit
(OSCCON<3>) indicates whether the system clock is
running from the external clock source, as defined by
the FOSC bits, or from internal clock source. In
particular, OSTS indicates that the Oscillator Start-up
Timer (OST) has timed out for LP, XT or HS modes.

3.6 Two-Speed Clock Start-up Mode

Two-Speed Start-up mode provides additional power
savings by minimizing the latency between external
oscillator start-up and code execution. In applications
that make heavy use of the Sleep mode, Two-Speed
Start-up will remove the external oscillator start-up
time from the time spent awake and can reduce the
overall power consumption of the device.

This mode allows the application to wake-up from
Sleep, perform a few instructions using the INTOSC
as the clock source and go back to Sleep without
waiting for the primary oscillator to become stable.

Note:  Executing a SLEEP instruction will abort
the oscillator start-up time and will cause
the OSTS bhit (OSCCON<3>) to remain
clear.

When the PIC16F684 is configured for LP, XT or HS
modes, the Oscillator Start-up Timer (OST) is enabled
(see Section 3.3.1 “Oscillator Start-up Timer
(OST)"). The OST timer will suspend program execu-
tion until 1024 oscillations are counted. Two-Speed
Start-up mode minimizes the delay in code execution
by operating from the internal oscillator as the OST is
counting. When the OST count reaches 1024 and the
OSTS hit (OSCCON<3>) is set, program execution
switches to the external oscillator.

3.6.1 TWO-SPEED START-UP MODE
CONFIGURATION

Two-Speed Start-up mode is configured by the
following settings:

* |[ESO =1 (CONFIG<10>) Internal/External Switch
Over bit.
« SCS=0.
* FOSC configured for LP, XT or HS mode.
Two-Speed Start-up mode is entered after:
« Power-on Reset (POR) and, if enabled, after
PWRT has expired, or
* Wake-up from Sleep.
If the external clock oscillator is configured to be any-
thing other than LP, XT or HS mode, then Two-Speed
Start-up is disabled. This is because the external clock

oscillator does not require any stabilization time after
POR or an exit from Sleep.

3.6.2 TWO-SPEED START-UP
SEQUENCE

1. Wake-up from Power-on Reset or Sleep.

2. Instructions begin execution by the internal
oscillator at the frequency set in the IRCF bits
(OSCCON<6:4>).

3. OST enabled to count 1024 clock cycles.

4. OST timed out, wait for falling edge of the
internal oscillator.

5. OSTS s set.

6. System clock held low until the next falling edge
of new clock (LP, XT or HS mode).

7. System clock is switched to external clock
source.

© 2004 Microchip Technology Inc.
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3.6.3 CHECKING EXTERNAL/INTERNAL
CLOCK STATUS

Checking the state of the OSTS bit (OSCCON<3>) will
confirm if the PIC16F684 is running from the external
clock source as defined by the FOSC bits in the
Configuration Word register (CONFIG) or the internal

oscillator.
FIGURE 3-7: TWO-SPEED START-UP
—Q1——Q2——Q3—Q4——Q1— Q2 Z Q3 ! Q4 Z Ql—
INTOSC Y \_/ N\ AN A\ N\ NN\
| fe———T0sT — - : ' ' '
osc1 [X_ o X 1 § (10221023 /
! . (( l Z l Z
oscz2 - : D) \ : \ \ /
Program Counter | (" pc X PC+1 X PC+2 |
systemClock \_/\_AN /NN N N\
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3.7 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) is designed to
allow the device to continue to operate in the event of
an oscillator failure. The FSCM can detect oscillator
failure at any point after the device has exited a Reset
or Sleep condition and the Oscillator Start-up Timer
(OST) has expired.

FIGURE 3-8: FSCM BLOCK DIAGRAM
Clock Monitor
Latch (CM)
(edge-triggered)
Primary o
Clock ™S Q
LFINTOSC )
Oscillator + 64
31 kHz 488 Hz
(~32 ps) (~2 ms)
Clock
Failure
Detected

The FSCM function is enabled by setting the FCMEN
bit in the Configuration Word register (CONFIG). It is
applicable to all external clock options (LP, XT, HS, EC,
RC or 10 modes).

In the event of an external clock failure, the FSCM will
set the OSFIF bit (PIR1<2>) and generate an oscillator
fail interrupt if the OSFIE bit (PIE1<2>) is set. The
device will then switch the system clock to the internal
oscillator. The system clock will continue to come from
the internal oscillator unless the external clock recovers
and the Fail-Safe condition is exited.

The frequency of the internal oscillator will depend
upon the value contained in the IRCF bits
(OSCCONK<6:4>). Upon entering the Fail-Safe
condition, the OSTS bit (OSCCON<3>) is automati-
cally cleared to reflect that the internal oscillator is
active and the WDT is cleared. The SCS bit
(OSCCON<0>) is not updated. Enabling FSCM does
not affect the LTS bit.

The FSCM sample clock is generated by dividing the
INTRC clock by 64. This will allow enough time
between FSCM sample clocks for a system clock edge
to occur. Figure 3-8 shows the FSCM block diagram.

On the rising edge of the sample clock, the monitoring
latch (CM = 0) will be cleared. On a falling edge of the
primary system clock, the monitoring latch will be set
(CM =1). In the event that a falling edge of the sample
clock occurs, and the monitoring latch is not set, a clock
failure has been detected. The assigned internal
oscillator is enabled when FSCM is enabled, as
reflected by the IRCF.

Note:  Two-Speed Start-up is automatically
enabled when the Fail-Safe Clock Monitor
mode is enabled.

Note:  Primary clocks with a frequency <~488 Hz
will be considered failed by the FSCM. A
slow starting oscillator can cause an
FSCM interrupt.

3.7.1 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared after a Reset, the
execution of a SLEEP instruction, or a modification of
the SCS bit. While in Fail-Safe condition, the
PIC16F684 uses the internal oscillator as the system
clock source. The IRCF bits (OSCCON<6:4>) can be
modified to adjust the internal oscillator frequency
without exiting the Fail-Safe condition.

The Fail-Safe condition must be cleared before the
OSFIF flag can be cleared.

© 2004 Microchip Technology Inc.
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FIGURE 3-9: FSCM TIMING DIAGRAM

System
Clock

Oscillator
Failure

Sample Clock
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CM Output
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Failure '
Detected ’;—

this example have been chosen for clarity.

OSCFIF . . .
CM Test CM 'Test ' CM .Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in

3.7.2 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect oscillator failure at
any point after the device has exited a Reset or Sleep
condition and the Oscillator Start-up Timer (OST) has
expired. If the external clock is EC or RC mode,
monitoring will begin immediately following these
events.

For LP, XT or HS mode, the external oscillator may
require a start-up time considerably longer than the
FSCM sample clock time, a false clock failure may be
detected (see Figure 3-9). To prevent this, the internal
oscillator is automatically configured as the system
clock and functions until the external clock is stable
(the OST has timed out). This is identical to
Two-Speed Start-up mode. Once the external oscilla-
tor is stable, the LFINTOSC returns to its role as the
FSCM source.

Note:  Due to the wide range of oscillator start-up
times, the Fail-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). After an appropriate
amount of time, the user should check the
OSTS bit (OSCCON<3>) to verify the
oscillator start-up and system clock
switchover has successfully completed.
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REGISTER 3-2: OSCCON — OSCILLATOR CONTROL REGISTER (ADDRESS: 8Fh)
u-0 R/W-1 R/W-1 R/W-0 R-1 R-0 R-0 R/W-0
— IRcF2 | IRCF1 | IRcFo | osTs® | Hrs | w1s | scs
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits
000 = 31kHz
001 = 125 kHz
010 = 250 kHz
011 = 500 kHz
100 = 1 MHz
101 = 2MHz
110 = 4 MHz
111 = 8 MHz
bit 3 OSTS: Oscillator Start-up Time-out Status bit
1 = Device is running from the external system clock defined by FOSC<2:0>
0 = Device is running from the internal system clock (HFINTOSC or LFINTOSC)
bit 2 HTS: HFINTOSC (High Frequency — 8 MHz to 125 kHz) Status bit
1 = HFINTOSC is stable
0 = HFINTOSC is not stable
bit 1 LTS: LFINTOSC (Low Frequency — 31 kHz) Stable bit
1 = LFINTOSC is stable
0 = LFINTOSC is not stable
bit 0 SCS: System Clock Select bit
1 = Internal oscillator is used for system clock
0 = Clock source defined by FOSC<2:0>
Note 1: Bitresetsto ‘0’ with Two-Speed Start-up and LP, XT or HS selected as the Oscillator
mode or Fail-Safe mode is enabled.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOD all other
Resets
0Ch PIR1 EEIF ADIF | CCP1IF | C2IF C1IF OSFIF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 EEIE ADIE | CCP1lIE | C2IE C1lIE OSFIE | TMR2IE | TMRL1IE | 0000 0000 | 0000 0000
8Fh OSCCON — IRCF2 | IRCF1 | IRCFO | OSTS HTS LTS SCS -110 x000 | -110 x000
90h OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO |---0 0000 |---u uuuu
2007hM) | CONFIG CPD CP MCLRE | PWRTE | WDTE | FOSC2 | FOSC1 | FOSCO — —
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by oscillators.
Note 1: See Register 12-1 for operation of all Configuration Word register bits.
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NOTES:
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4.0 I/OPORTS

There are as many as twelve general purpose 1/O pins
available. Depending on which peripherals are
enabled, some or all of the pins may not be available as
general purpose I/O. In general, when a peripheral is
enabled, the associated pin may not be used as a
general purpose 1/O pin.

Note:  Additional information on I/O ports may be
found in the “PICmicro® Mid-Range MCU
Family Reference Manual” (DS33023).

4.1 PORTA and the TRISA Registers

PORTA is a 6-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 4-2). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., put the
corresponding output driver in a High-impedance
mode). Clearing a TRISA bit (= 0) will make the
corresponding PORTA pin an output (i.e., put the
contents of the output latch on the selected pin). The
exception is RA3, which is input only and its TRIS bit
will always read as ‘1. Example 4-1 shows how to
initialize PORTA.

Reading the PORTA register (Register 4-1) reads the
status of the pins, whereas writing to it will write to the
port latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the port data latch. RA3 reads ‘0’ when
MCLRE = 1.

The TRISA register controls the direction of the
PORTA pins, even when they are being used as analog
inputs. The user must ensure the bits in the TRISA
register are maintained set when using them as analog
inputs. 1/0 pins configured as analog input always read

‘0.
Note:  The ANSEL (91h) and CMCONO (19h)
registers must be initialized to configure

an analog channel as a digital input. Pins
configured as analog inputs will read ‘0’.

EXAMPLE 4-1: INITIALIZING PORTA

BCF STATUS, RPO ; Bank 0O

CLRF PORTA ;lnit PORTA

MOVLW  07h ;Set RA<2:0> to

MOVWWF  CMCONO ;digital 1/0

BSF STATUS, RPO ; Bank 1

CLRF ANSEL ;digital 1/0

MOVLW  0Ch ; Set RA<3: 2> as inputs

MOWWF  TRI SA ;and set RA<5: 4, 1:0>
;as outputs

BCF STATUS, RPO ; Bank 0O

4.2 Additional Pin Functions

Every PORTA pin on the PIC16F684 has an interrupt-
on-change option and a weak pull-up option. RAO has
an Ultra Low-Power Wake-up option. The next three
sections describe these functions.

421 WEAK PULL-UPS

Each of the PORTA pins, except RA3, has an individu-
ally configurable internal weak pull-up. Control bits
WPUAX enable or disable each pull-up. Refer to
Register 4-3. Each weak pull-up is automatically turned
off when the port pin is configured as an output. The
pull-ups are disabled on a Power-on Reset by the
RAPU bit (OPTION_REG<7>). A weak pull-up is auto-
matically enabled for RA3 when configured as MCLR
and disabled when RA3 is an I/O. There is no software
control of the MCLR pull-up.

REGISTER 4-1: PORTA — PORTA REGISTER (ADDRESS: 05h)
uU-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-0 R/W-0
— — RAS5 RA4 | RA3 | RA2 | RAL RAO
bit 7 bit 0
bit 7-6: Unimplemented: Read as ‘0’

bit 5-0: RA<5:0>: PORTA 1/O Pin bit
1 = Port pin is > VIH
0 = Port pinis < VIL

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

© 2004 Microchip Technology Inc.

Preliminary

DS41202C-page 31



PIC16F684

REGISTER 4-2: TRISA — PORTA TRI-STATE REGISTER (ADDRESS: 85h)

U-0 U-0 RW-1  RMW-1 R-1 RW-1  RMW-1  RMW-1
— — | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO
bit 7 bit 0
bit 7-6: Unimplemented: Read as ‘0’
bit 5-0: TRISA<5:0>: PORTA Tri-State Control bit

1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

Note 1. TRISA<3> always reads ‘1'.
2: TRISA<5:4> always reads ‘1’ in XT, HS and LP OSC modes.

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

REGISTER 4-3: WPUA — WEAK PULL-UP REGISTER (ADDRESS: 95h)

u-0 u-0 R/W-1 R/W-1 u-0 R/W-1 R/W-1 R/W-1
— — WPUA5 | WPUA4 |  — | WPUA2 | WPUAL | WPUAO
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 WPUA<5:4>: Weak Pull-up Register bit

1 = Pull-up enabled
0 = Pull-up disabled

bit 3 Unimplemented: Read as ‘0’
bit 2-0 WPUA<2:0>: Weak Pull-up Register bit

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global RAPU must be enabled for individual pull-ups to be enabled.

2: The weak pull-up device is automatically disabled if the pin is in Output mode
(TRISA =0).

3: The RAS3 pull-up is enabled when configured as MCLR and disabled as an 1/O in
the configuration word.

4: WPUA<G5:4> always reads ‘1’ in XT, HS and LP OSC modes.

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
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422 INTERRUPT-ON-CHANGE

Each of the PORTA pins is individually configurable as
an interrupt-on-change pin. Control bits IOCAx enable
or disable the interrupt function for each pin. Refer to
Register 4-4. The interrupt-on-change is disabled on a
Power-on Reset.

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
PORTA. The ‘mismatch’ outputs of the last read are
OR’d together to set the PORTA Change Interrupt Flag
bit (RAIF) in the INTCON register (Register 2-3).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, clears the
interrupt by:

a) Any read or write of PORTA. This will end the
mismatch condition, then,

b) Clear the flag bit RAIF.

A mismatch condition will continue to set flag bit RAIF.
Reading PORTA will end the mismatch condition and
allow flag bit RAIF to be cleared. The latch holding the
last read value is not affected by a MCLR nor BOD
Reset. After these resets, the RAIF flag will continue to
be set if a mismatch is present.

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RAIF
interrupt flag may not get set.

REGISTER 4-4: IOCA — INTERRUPT-ON-CHANGE PORTA REGISTER (ADDRESS: 96h)
uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — locAs | 1ocA4 | 10cA3 | 10cA2 | 10CAL | 10CAO
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCA<5:0>: Interrupt-on-change PORTA Control bit

1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

Note 1: Global Interrupt Enable (GIE) must be enabled for individual interrupts to be

recognized.

2. IOCA<5:4> always reads ‘1’ in XT, HS and LP OSC modes.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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423 ULTRA LOW-POWER WAKE-UP

The Ultra Low-power Wake-up (ULPWU) on RAO
allows a slow falling voltage to generate an interrupt-
on-change on RAO without excess current consump-
tion. The mode is selected by setting the ULPWUE bit
(PCON<5>). This enables a small current sink which
can be used to discharge a capacitor on RAOQ.

To use this feature, the RAO pin is configured to output
‘1’ to charge the capacitor, interrupt-on-change for RAO
is enabled, and RAO is configured as an input. The
ULPWUE bit is set to begin the discharge and a SLEEP
instruction is performed. When the voltage on RAO drops
below VIL, an interrupt will be generated which will cause
the device to wake-up. Depending on the state of the
GIE bit (INTCON<7>), the device will either jump to the
interrupt vector (0004h) or execute the next instruction
when the interrupt event occurs. See Section 4.2.2
“Interrupt-on-change” and Section 12.4.3 “PORTA
Interrupt” for more information.

This feature provides a low-power technique for
periodically waking up the device from Sleep. The
time-out is dependent on the discharge time of the RC
circuit on RAQO. See Example 4-2 for initializing the
Ultra Low-Power Wake-up module.

The series resistor provides overcurrent protection for
the RAO pin and can allow for software calibration of
the time-out (see Figure 4-1). A timer can be used to
measure the charge time and discharge time of the
capacitor. The charge time can then be adjusted to pro-
vide the desired interrupt delay. This technique will
compensate for the affects of temperature, voltage and
component accuracy. The Ultra Low-power Wake-up
peripheral can also be configured as a simple
Programmable Low Voltage Detect or temperature
sensor.

Note: For more information, refer to AN879,
“Using the Microchip Ultra Low-Power
Wake-up Module” Application Note

(DS00879).
EXAMPLE 4-2: ULTRA LOW-POWER
WAKE-UP INITIALIZATION
BCF STATUS, RPO  ; Bank 0
BSF PORTA, 0 ; Set RAO data latch
MOVLW  H 7’ ; Turn of f
MOVWF  CMCONO ;conparators
BSF STATUS, RPO  ; Bank 1
BCF ANSEL, 0 ;RAO to digital 1/0

BCF TRI SA, 0 ; Qutput high to
CALL CapDel ay charge capacitor
BSF PCON, ULPWJE ; Enabl e ULP Wake- up
BSF | OCA, 0 ; Sel ect RAO 1 OC

BSF TRI SA, 0 ; RAO to input

MOVLW B’ 10001000’ ; Enabl e interrupt
MOV | NTCON and clear flag
SLEEP ;Wait for 10C
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FIGURE 4-1: BLOCK DIAGRAM OF RAO
Analog®
Input Mode
Data Bus
D Q ]
WR —+>» CK =
WPUDA ~ ° RAPU
RD
WPUDA Vbb
™~
D Q P ‘Z
— 1/0 PIN
WR 4pcK o)
PORTA
Vss
\%)
D Q
WR CK Sle
TRISA TP ~_ @
RD
TRISA | Analog®
Input Mode
ro <]
PORTA
D Q
WR _| Q b
IOCA
EN
RD
IOCA Q D
EN
Interrupt-on-
Change
RD PORTA

To Comparator

To A/D Converter

Note 1: Comparator mode and ANSEL determines Analog Input mode.
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4.2.4 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTA pin is multiplexed with other functions.

The pins and their combined functions are briefly

described here. For specific information about individ-

ual functions such as the comparator or the A/D, refer

to the appropriate section in this data sheet.

4241 RAO/ANO/C1IN+/ICSPDAT/ULPWU

Figure 4-2 shows the diagram for this pin. The RAO pin
is configurable to function as one of the following:

« ageneral purpose I/O

< an analog input for the A/D

e an analog input to the comparator

« In-Circuit Serial Programming data

« an analog input for the Ultra Low-power Wake-up

4.2.4.2 RA1/AN1/C1IN-/VReF/ICSPCLK

Figure 4-2 shows the diagram for this pin. The RA1 pin
is configurable to function as one of the following:

« ageneral purpose I/O

¢ an analog input for the A/D

e an analog input to the comparator

« avoltage reference input for the A/D

« In-Circuit Serial Programming clock

FIGURE 4-2: BLOCK DIAGRAM OF RA1
Analog®
Data Bus Input Mode
b Q VDD
WR | § CK =
wruA [P @ Weak
RD RAPU
WPUA
D Q Voo
WR | L CK =
PORTAT P <_ @
1/0 PIN
& D Q
WR —
trRisaT? K Qe Vss
Analog?
RD ¢ Input Mode
TRISA | J
RD _":§
PORTA
D Q
WR —Q DI-o
IOCA
EN Q3
RD
I0OCA Q DH
EN
Interrupt-on-
Change
RD PORTA
To Comparator
To A/D Converter

Note 1: Comparator mode and ANSEL determines Analog

Input mode.
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4243 RA2/AN2/TOCKI/INT/C10UT

Figure 4-3 shows the diagram for this pin. The RA2 pin
is configurable to function as one of the following:

« ageneral purpose I/O

¢ an analog input for the A/D

« the clock input for TMRO

< an external edge triggered interrupt

 adigital output from comparator 1

FIGURE 4-3: BLOCK DIAGRAM OF RA2
Analog®
Data Bus Input Mode
o Q VbD
WR _| y, CK = I:—r
weua TP~ @ [030—01 Weak
RD ¢ RAPU
WPUA
COuT 1
Enable
D Q VoD
WR | L CK =
PORTA| P~ @ CouT
I/0 PIN
D Q
WR _
cK o
TRISATP . Q Vss
Analog®
RD ¢ Input Mode ﬁ
TRISA | /J
ro <
PORTA
D Q
WR _| —Q D
IOCA
EN H—Q3
RD
IOCA o oM
EN
Interrupt-on-
Change
RD PORTA
To TMRO
To INT

To A/D Converter

Note 1: Analog Input mode is generated by ANSEL.

4244 RA3/MCLR/VPP

Figure 4-4 shows the diagram for this pin. The RA3 pin
is configurable to function as one of the following:

« ageneral purpose input

« as Master Clear Reset with weak pull-up

FIGURE 4-4: BLOCK DIAGRAM OF RA3
VDD
MCLRE —|>o—o| |:—|;Veak
Data Bus Reset . MCLRE ' lnPUt

y pin
RD _] Vss
TRISA

. MCLRE Vss
RD _]

PORTA
D Q
WR | *—Q D
I0CA
EN Q3
RD
I0CA Q D
EN
Interrupt-on-
Change
RD PORTA——
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4245 RA4/AN3/T1G/OSC2/CLKOUT

Figure 4-5 shows the diagram for this pin. The RA4 pin
is configurable to function as one of the following:

« ageneral purpose I/O

¢ an analog input for the A/D

« a TMR1 gate input

 a crystal/resonator connection

« a clock output

FIGURE 4-5: BLOCK DIAGRAM OF RA4
Analog®
Input Mode CLK®

Data Bus Modes

we Lo o J,
wpus TP Q [Ojo_d Weak
RD ¢ RAPU
WPUA Oscillator s
Circuit
OSC1
CLKOUT Voo
Enable
D Q —I
WR CK = 1/0 PIN
PORTA| P L @
CLKOUT.
Enable
Vss
D Q
INTOS%
WR — RC/EC
trisa TP Qe
CLKOUT
RD ¢ Enable
TRISA Analog R
Input Mode
RD ¢ j§
PORTA J /
D Q
WR | —Q Dre
IOCA
EN —— Q3
RD
I0OCA Q D
EN
Interrupt-on-
Change
RD PORTA
To T1G
To A/D Converter

Note 1: CLK modes are XT, HS, LP, LPTMR1 and CLKOUT
Enable.

2: With CLKOUT option.
3: Analog Input mode comes from ANSEL.

4.2.4.6 RA5/T1CKI/OSC1/CLKIN

Figure 4-6 shows the diagram for this pin. The RA5 pin
is configurable to function as one of the following:

« ageneral purpose I/O

* a TMR1 clock input

 acrystal/resonator connection

e aclock input

FIGURE 4-6: BLOCK DIAGRAM OF RA5
INTOSC
Mode
TMR1LPEN®
Data Bus
D Q T’ VDD
WR | b cK 5 \730—01 Weak
wrUA TP e @ L—o
RD RAPU
WPUA
Oscillator
Circuit
osc2
oD Q Voo
WR | L CK =
PORTA[ P . Q
1/0 PIN
D Q
WR CK —=
TRISATP =_ Q—* Vss
) INTOSC
RD Mode
TRISA b
(2)
rRD ¢ j§ /
PORTA
¢ D Qr—
_ —Q D
WR _| ) CK
IOCA P @
EN Q3
RD
IOCA
Q D
VO
EN
Interrupt-on-
Change
RD PORTA
To TMR1 or CLKGEN

Note 1: Timerl LP Oscillator enabled.

2: When using Timerl with LP oscillator, the
Schmitt Trigger is bypassed.
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TABLE 4-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
_ _ _ _ _ _ _ _ value on- Value on all
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOD other
Resets
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO |--xx xx00|--uu uu00
0Bh/8Bh |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 [ 0000 0000
19h CMCONO C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO | 0000 0000|0000 0000
81h OPTION_REG | RAPU |INTEDG| TOCS | TOSE PSA pPSs2 PS1 PSO |1111 1111|1111 1111
85h TRISA — — TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | --11 1111 |--11 1111
91h ANSEL ANS7 | ANS6 | ANS5 | ANS4 | ANS3 | ANS2 | ANS1 | ANSO |1111 11111111 1111
95h WPUA — — WPUAS | WPUA4 — WPUA2 | WPUAL1 | WPUAO |--11 -111--11 -111
96h IOCA — — IOCA5 | IOCA4 | IOCA3 | IOCA2 | IOCA1 | IOCAOQ |--00 0000 |--00 0000
Legend: x =unknown, u =unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
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4.3 PORTC FIGURE 4-7: BLOCK DIAGRAM OF RCO
. . AND RC1
PORTC is a general purpose I/O port consisting of 6
bidirectional pins. The pins can be configured for either Data Bus
digital I/0 or analog input to A/D converter or compara-
tor. For specific information about individual functions oI5 9 VDD
such as the Enhanced CCP or the A/D, refer to the
appropriate section in this data sheet. WR CK 3
pprop porTcT P XU Q
Note: The ANSEL (91h) and CMCONO (19h)
registers must be initialized to configure /O PIN
an analog channel as a digital input. Pins t+° Q
configured as analog inputs will read ‘0’. WR cKk =| o
TRISC ~ @ Vss
Analog Input
EXAMPLE 4-3: INITIALIZING PORTC . < Mode®
BCF STATUS, RPO ; Bank 0 TRISC |
CLRF PORTC ;Init PORTC A
MOVLW  07h ; Set RC<4,1:0> to RD
MOVWF  CMCONO ;digital 1/0 PORTC
BSF STATUS, RPO ; Bank 1 To Comparators
CLRF  ANSEL ;digital 1/0 To A/D Converter
MOVLW  0Ch ; Set RC<3:2> as inputs
MOVWF  TRI SC ;and set RC<5:4, 1:0>
;as outputs Note 1: Analog Input mode comes from ANSEL or
BCF STATUS, RPO " Bank 0 Comparator mode.
431 RCO/AN4/C2IN+

The RCO is configurable to function as one of the
following:

« ageneral purpose I/O

« an analog input for the A/D Converter

¢ an analog input to the comparator

4.3.2 RC1/AN5/C2IN-

The RC1 is configurable to function as one of the
following:

< ageneral purpose I/O

< an analog input for the A/D Converter

¢ an analog input to the comparator
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4.3.3 RC2/AN6/P1D

The RC2 is configurable to function as one of the
following:

« ageneral purpose I/O

¢ an analog input for the A/D Converter

« adigital output from the Enhanced CCP

43.4 RC3/AN7/P1C

The RC3 is configurable to function as one of the
following:

« ageneral purpose I/O

¢ an analog input for the A/D Converter

« adigital output from the Enhanced CCP

FIGURE 4-8: BLOCK DIAGRAM OF RC2

AND RC3

Data Bus

CCPOUT

VDD

WR
PORTC

1/0 PIN

WR

TRISCT P ~_ Vss
Analog Input
RD ¢ Eg Mode(l?

TRISC |

RD
PORTC

__To AID Converter

Note 1: Analog Input mode comes from ANSEL.

4.3.5 RC4/C20UT/P1B

The RC4 is configurable to function as one of the
following:

« ageneral purpose I/O

« adigital output from the comparator

« adigital output from the Enhanced CCP

Note:  Enabling both C20UT and P1B will cause
a conflict on RC4 and create unpredictable
results. Therefore, if C20UT is enabled,
the ECCP can not be used in Half-bridge
or Full-bridge mode and vise-versa.

FIGURE 4-9: BLOCK DIAGRAM OF RC4

C20UT EN
CCPOUT EN

VDD
C20UT EN

Cc20uUT

CCPOUT EN
CCPOUT

Data Bus
& D Q

1/0 PIN

WR | L CK =
porTCT P <. Q vss

WR CK =

TRISCTP <. Q
RD ‘ﬂj

TRISC |

RD
PORTC

Note 1: Port/Peripheral Select signals selects between
port data and peripheral output.
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4.3.6 RC5/CCP1/P1A

The RCS5 is configurable to function as one of the
following:

« ageneral purpose I/O
 adigital input/output for the Enhanced CCP

FIGURE 4-10: BLOCK DIAGRAM OF RC5
PIN

Data bus

CCP10OUT VDD
Enable

WR CK =
porTcT P <U Q

1/0 PIN

WR oK =

TRISC < Q
RD

TRISC |

RD
PORTC

To Enhanced CCP

<
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REGISTER 4-5: PORTC — PORTC REGISTER (ADDRESS: 07h)
u-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-0 R/W-0
— — RC5 | Rc4a | Rc3 | Re2 RC1 RCO
bit 7 bit 0
bit 7-6: Unimplemented: Read as ‘0’
bit 5-0: RC<5:0>: PORTC General Purpose I/O Pin bits
1 = Port pin is >VIH
0 = Port pin is <VIL
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
REGISTER 4-6: TRISC — PORTC TRI-STATE REGISTER (ADDRESS: 87h)
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — | TRiscs | TRIsc4 | TRIsc3 | TRISC2 | TRISC1 | TRISCO
bit 7 bit 0
bit 7-6: Unimplemented: Read as ‘0’
bit 5-0: TRISC<5:0>: PORTC Tri-State Control bit
1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
. . . . . . . . Value on: Value on
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOD all other
Resets
07h PORTC — — RC5 RC4 RC3 RC2 RC1 RCO |--xx xx00 |--uu uu00
19h CMCONO C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO | 0000 0000 | 0000 0000
87h TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | --11 1111 |--11 1111
91h ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO | 1111 11111111 1111
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
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NOTES:
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5.0 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

* Readable and writable

 8-bit software programmable prescaler

« Internal or external clock select

« Interrupt on overflow from FFh to 00h

« Edge select for external clock

Figure 5-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

Note: Additional information on the TimerO
module is available in the “PICmicro®
Mid-Range MCU Family Reference
Manual” (DS33023).

5.1 Timer0 Operation

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

FIGURE 5-1:

Counter mode is selected by setting the TOCS bit
(OPTION_REG<5>). In this mode, the Timer0 module
will increment either on every rising or falling edge of
pin RA2/TOCKI. The incrementing edge is determined
by the source edge (TOSE) control hit
(OPTION_REG«<4>). Clearing the TOSE bit selects the
rising edge.

Note:  Counter mode has specific external clock
requirements. Additional information on
these requirements is available in the
"PICmicro® Mid-Range MCU Family

Reference Manual”’ (DS33023).

5.2 TimerO Interrupt

A TimerO interrupt is generated when the TMRO
register timer/counter overflows from FFh to 00h. This
overflow sets the TOIF bit INTCON<2>). The interrupt
can be masked by clearing the TOIE bit INTCON<5>).
The TOIF bit must be cleared in software by the Timer0
module Interrupt Service Routine before re-enabling
this interrupt. The TimerO interrupt cannot wake the
processor from Sleep since the timer is shut off during
Sleep.

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT

(= Fosc/4) Data Bus
0
8
° 1 \
SYNC 2 _
1 1 Cycles > TMRO
TOCKI 0
pin
TOCS T Set Flag bit TOIF
TOSE p 8 b'tl on Overflow
rescaler PSA
]
8
WDTE PSA
SWDTEN —
PS<2:0> 1
—» WDT
16-bit Time-out
0
Prescaler 16
31 kHz Watchdog
INTRC Timer PSA

WDTPS<3:0>

Note 1: TOSE, TOCS, PSA, PS<2:0> are bits in the Option register, WDTPS<3:0> are bits in the WDTCON register.
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5.3 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.

Note: The ANSEL (91h) and CMCONO (19h)
registers must be initialized to configure
an analog channel as a digital input. Pins
configured as analog inputs will read ‘0’.

REGISTER 5-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

OPTION_REG — OPTION REGISTER (ADDRESS: 81h)

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

RAPU | INTEDG | Tocs | Tose | Psa | Ps2 | Psi PSO

bit 7 bit 0

RAPU: PORTA Pull-up Enable bit

1 = PORTA pull-ups are disabled

0 = PORTA pull-ups are enabled by individual port latch values in WPUA register
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RA2/INT pin

0 = Interrupt on falling edge of RA2/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA2/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA2/TOCKI pin
0 = Increment on low-to-high transition on RA2/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 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

Note 1: A dedicated 16-bit WDT postscaler is available for the PIC16F684. See
Section 12.6 “Watchdog Timer (WDT)” for more information.

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

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. For simplicity, this counter will be referred to as
“prescaler” throughout this data sheet. The prescaler
assignment is controlled in software by the control bit
PSA (OPTION_REG<3>). Clearing the PSA bit will
assign the prescaler to TimerO. Prescale values are
selectable via the PS<2:0> bits (OPTION_REG<2:0>).

The prescaler is not readable or writable. When
assigned to the TimerO module, all instructions writing
to the TMRO register (e.g., CLRF 1, MOV 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.

54.1 SWITCHING PRESCALER

ASSIGNMENT

EXAMPLE 5-1: CHANGING PRESCALER
(TIMERO - WDT)
BCF STATUS, RPO ; Bank 0
CLRWDT ; Clear VDT
CLRF TMRO ;Clear TMRO and
; prescal er
BSF STATUS, RPO ; Bank 1
MOVLW b’ 001011171’ ;Required if desired
MOVWF  OPTI ON_REG ; PS2:PSO is
CLRWDT 000 or 001
MOVLW b’ 00101xxx’ ; Set postscaler to
MOWWF  OPTI ON_REG desired WDT rate
BCF STATUS, RPO ; Bank 0

To change prescaler from the WDT to the TMRO
module, use the sequence shown in Example 5-2. This
precaution must be taken even if the WDT is disabled.

The prescaler assignment is fully under software EXAMPLE 5-2: CHANGING PRESCALER
control (i.e., it can be changed “on the fly” during (WDT - TIMERDO)
program execution). To avoid an unintended device CLRVDT - Q ear VDT and
Reset, the following instruction  sequence ' prescal er
(Example 5-1 and Example 5-2) must be executed BSF STATUS, RPO :Bank 1
when changing the prescaler assignment from TimerQ
to WDT. MOVLW b’ XxXXX0xXxX’ : Sel ect TVRO,
; prescale, and
cl ock source
MOVWF  OPTI ON_REG ;
BCF STATUS, RPO ; Bank 0

TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO

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, BOD

Resets
0l1lh TMRO Timer0 Module register XXXX XXXX [uuuu uuuu
0Bh/8Bh [INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF | 0000 0000 0000 0000
81h OPTION_REG | RAPU [ INTEDG | TOCS TOSE PSA PS2 PS1 PSO (1111 11111111 1111
85h TRISA — — TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO |--11 1111 (--11 1111
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Timer0
module.
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6.0 TIMER1 MODULE WITH GATE
CONTROL

The PIC16F684 has a 16-bit timer. Figure 6-1 shows
the basic block diagram of the Timerl module. Timerl
has the following features:

¢ 16-bit timer/counter (TMR1H:TMR1L)

* Readable and writable

« Internal or external clock selection

< Synchronous or asynchronous operation

« Interrupt on overflow from FFFFh to 0000h

« Wake-up upon overflow (Asynchronous mode)

« Optional external enable input

- Selectable gate source: T1G or C2 output
(T1GSS)

- Selectable gate polarity (T1GINV)
» Optional LP oscillator

The Timerl Control register (TLCON), shown in
Register 6-1, is used to enable/disable Timerl and
select the various features of the Timerl module.

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

FIGURE 6-1: TIMER1 ON THE PIC16F684 BLOCK DIAGRAM

@ T1GINV

using T1CKI.

Set Flag bit
TMR1IF on To C2 Comparator Module
Overflow 1 TMR1 Clock
TMR1® Synchronized
TMR1H ‘ TMRLL Clock Input
OSCILLATOR
Z : @ T1SYNC
OSCL/TICKI -~ o ™SS
|E I% L Synchronize
Prescaler
Fosc/4 12,4 A det
N Internal 0 |
OSC2/T1G Clock 2
"""" Sleep Input
T1CKPS<1:0>
INTOSC
without CLKOUT:Di TMR1CS
T10SCEN ]
C20UT 0
Note 1: Timerl increments on the rising edge.
T1GSS

2: ST Buffer is low power type when using LP oscillator or high speed type when
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6.1 Timerl Modes of Operation

Timerl can operate in one of three modes:

« 16-bit Timer with prescaler
» 16-bit Synchronous counter
« 16-bit Asynchronous counter

In Timer mode, Timerl is incremented on every instruc-
tion cycle. In Counter mode, Timerl is incremented on
the rising edge of the external clock input T1CKI. In
addition, the Counter mode clock can be synchronized
to the microcontroller system clock or run
asynchronously.

In Counter and Timer modules, the counter/timer clock
can be gated by the Timerl gate, which can be
selected as either the T1G pin or Comparator 2 output.

If an external clock oscillator is needed (and the
microcontroller is using the INTOSC without CLKOUT),
Timerl can use the LP oscillator as a clock source.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge.

6.2 Timerl Interrupt

The Timerl register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timerl rolls
over, the Timerl interrupt flag bit (PIR1<0>) is set. To
enable the interrupt on rollover, you must set these bits:
e Timerl interrupt enable bit (PIE1<0>)

* PEIE bit INTCON<6>)

* GIE bit INTCON<7>)

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TTMRLL register pair and the
TMR1IF bit should be cleared before

enabling interrupts.

FIGURE 6-2:

TIMER1 INCREMENTING EDGE

6.3 Timerl Prescaler

Timerl has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The T1CKPS bits
(TLICON<5:4>) control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write
to TMR1H or TMRIL.

6.4 Timerl Gate

Timerl gate source is software configurable to be the
T1G pin or the output of Comparator 2. This allows the
device to directly time external events using T1G or
analog events using Comparator 2. See CMCON1
(Register 8-2) for selecting the Timerl gate source.
This feature can simplify the software for a Delta-Sigma
A/D converter and many other applications. For more
information on Delta-Sigma A/D converters, see the
Microchip web site (www.microchip.com).

Note:  TMRI1GE bit (TLCON<6>) must be set to
use either T1G or C20UT as the Timerl
gate source. See Register 8-2 for more
information on selecting the Timerl gate
source.

Timerl gate can be inverted using the T1GINV bit
(TLCON<7>), whether it originates from the T1G pin or
Comparator 2 output. This configures Timerl to
measure either the active-high or active-low time
between events.

TiCKI=1
when TMR1

Enabled *

T1CKI=0

when TMR1
Enabled *

Note 1: Arrows indicate counter increments.

the clock.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of
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REGISTER 6-1: T1CON - TIMER1 CONTROL REGISTER (ADDRESS: 10h)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| T1GINV ‘ TMR1GE |TlCKPSl | T1CKPSO | T1O0SCEN ‘ T1ISYNC | TMRI1CS | TMR1ON |
bit 7 bit 0

bit 7 T1GINV: Timerl Gate Invert bit()

1 = Timer1 gate is inverted
0 = Timerl gate is not inverted

bit 6 TMR1GE: Timerl Gate Enable bit(?
If TMRION =0:
This bit is ignored
IfTMRION =1:
1 =Timer1 is on if Timerl gate is not active
0 =Timerl is on
bit 5-4 T1CKPS<1:0>: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale Value
10 = 1:4 Prescale Value
01 = 1:2 Prescale Value
00 = 1:1 Prescale Value

bit 3 T1OSCEN: LP Oscillator Enable Control bit
If INTOSC without CLKOUT oscillator is active:
1 = LP oscillator is enabled for Timerl clock
0 = LP oscillator is off
Else:
This bit is ignored
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS =1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMR1CS =0:
This bit is ignored. Timerl uses the internal clock.
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from T1CKI pin (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit
1 = Enables Timerl
0 = Stops Timerl

Note 1: T1GINV bit inverts the Timerl gate logic, regardless of source.

2. TMR1GE bit must be set to use either T1G pin or C20UT, as selected by the
T1GSS bit (CMCON1<1>), as a Timerl gate source.

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

Asynchronous Counter Mode

If control bit TLISYNC (T1LCON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during Sleep and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer (see
Section 6.5.1 “Reading and Writing Timerl in
Asynchronous Counter Mode”).

Note: The ANSEL (91h) and CMCONO (19h)
registers must be initialized to configure
an analog channel as a digital input. Pins
configured as analog inputs will read ‘0’.

6.5.1 READING AND WRITING TIMER1 IN

ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, poses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers, while
the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care.
Examples in the “PICmicro® Mid-Range MCU Family
Reference Manual” (DS33023) show how to read and
write Timerl when it is running in Asynchronous mode.

6.6 Timerl Oscillator

A crystal oscillator circuit is built-in between pins OSC1
(input) and OSC2 (amplifier output). It is enabled by
setting control bit, TIOSCEN (T1CON<3>). The
oscillator is a low-power oscillator rated up to 32 kHz. It
will continue to run during Sleep. It is primarily intended
for a 32 kHz crystal. Table 3-1 shows the capacitor
selection for the Timer1 oscillator.

The Timerl oscillator is shared with the system LP
oscillator. Thus, Timerl can use this mode only when
the primary system clock is derived from the internal
oscillator. As with the system LP oscillator, the user
must provide a software time delay to ensure proper
oscillator start-up.

TRISA5 and TRISA4 bits are set when the Timerl
oscillator is enabled. RA5 and RA4 read as ‘0’ and
TRISAS5 and TRISA4 bits read as ‘1.

Note:  The oscillator requires a start-up and
stabilization time before use. Thus,
T1OSCEN should be set and a suitable
delay observed prior to enabling Timer 1.

6.7 Timerl Operation During Sleep

Timerl can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To set up the timer to wake the device:

e Timerl must be on (TICON<0>)

e TMRI1IE bit (PIE1<0>) must be set

« PEIE bit (INTCON<6>) must be set

The device will wake-up on an overflow. If the GIE bit
(INTCON<7>) is set, the device will wake-up and jump
to the Interrupt Service Routine (0004h) on an overflow.

If the GIE bit is clear, execution will continue with the
next instruction.

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMER1
. . . . . . . Value on Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit 1 Bit 0 POR. BOD all other
Resets

0Bh/ |INTCON GIE PEIE TOIE INTE TOIF INTF RAIF [0000 0000|0000 0000
8Bh

0Ch [PIR1 EEIF ADIF CCP1IF C2IF OSFIF | TMR2IF | TMR1IF |0000 0000|0000 0000
OEh TMR1L |Holding register for the Least Significant Byte of the 16-bit TMRL1 register XXXX XXXX [uuuu uuuu
OFh TMR1H |Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX|uuuu uuuu
10h  |TICON |T1GINV|TMRIGE|T1CKPS1|T1CKPSO |T1O0SCEN|T1SYNC | TMR1CS |TMR1ON|0000 0000 [uuuu uuuu
1Ah CMCON1 — — — — — — T1GSS |C2SYNC|---- -- 10(---- -- 10
8Ch |PIE1 EEIE ADIE CCP1IE C2IE C1IE OSFIE | TMR2IE | TMR1IE {0000 0000|0000 0000
Legend: x = unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
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7.0 TIMER2 MODULE

The Timer2 module timer has the following features:

¢ 8-bit timer (TMR2 register)

 8-bit period register (PR2)

» Readable and writable (both registers)

« Software programmable prescaler (1:1, 1:4, 1:16)

« Software programmable postscaler (1:1 to 1:16)

« Interrupt on TMR2 match with PR2

Timer2 has a control register shown in Register 7-1.
TMR2 can be shut-off by clearing control bit, TMR20ON
(T2CON<2>), to minimize power consumption.
Figure 7-1 is a simplified block diagram of the Timer2

module. The prescaler and postscaler selection of
Timer2 are controlled by this register.

7.1 Timer2 Operation

Timer2 can be used as the PWM time base for the
PWM mode of the ECCP module. The TMR2 register is
readable and writable, and is cleared on any device
Reset. The input clock (Fosc/4) has a prescale option
of 1.1, 1:4 or 1:16, selected by control bits
T2CKPS<1:0> (T2CON<1:0>). The match output of
TMR2 goes through a 4-bit postscaler (which gives a
1:1 to 1:16 scaling inclusive) to generate a TMR2
interrupt (latched in flag bit, TMR2IF (PIR1<1>)).

The prescaler and postscaler counters are cleared

when any of the following occurs:

« A write to the TMR2 register

* A write to the T2CON register

« Any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset, or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

REGISTER 7-1:  T2CON — TIMER2 CONTROL REGISTER (ADDRESS: 12h)
UO RW-0 RWO  RWO RWO RWO0 RWO RMWO
| — |ToutPs3| TOUTPS2 | TOUTPSL | TOUTPSO | TMR2ON | T2CKPSL | T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’

bit6-3  TOUTPS<3:0>: Timer2 Output Postscale Select bits

0000 =1:1 postscale
0001 =1:2 postscale

1111 =1:16 postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 =Timer2 is off

bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit
-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
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7.2

Timer2 Interrupt

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon Reset.

FIGURE 7-1: TIMER2 BLOCK DIAGRAM
Sets Flag
TMR2 bit TMR2IF
Output
A
Fosc/a Prescaler Reset
08¢ >1:1, 1:4, 1:16
} 2 _ | Postscaler
EQ 1:1to 1:16
T2CKPS<1:0>
4
TOUTPS<3:0>
TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2
value on Value on
Addr | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOD
Resets
0Bh/ |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF | 0000 0000 | 0000 0000
8Bh
0Ch |PIR1 EEIF ADIF CCP1IF C2IF ClIF OSFIF TMR2IF | TMR1IF | 0000 0000 [ 0000 0000
11h  |TMR2 Holding register for the 8-bit TMR2 register 0000 0000 | 0000 0000
12h |T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 [ T2CKPSO0 | - 000 0000 | - 000 0000
8Ch |PIE1 EEIE ADIE CCP1IE C2IE ClIE OSFIE TMR2IE | TMR1IE | 0000 0000 | 0000 0000
92h |PR2 Timer2 Module Period register 1111 1111|1111 1111
Legend: x = unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
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8.0 COMPARATOR MODULE

The comparator module contains two analog
comparators. The inputs to the comparators are
multiplexed with 1/O port pins RAO, RA1, RCO and
RC1, while the outputs are multiplexed to pins RA2
and RC4. An on-chip Comparator Voltage Reference
(CVREF) can also be applied to the inputs of the
comparators.

REGISTER 8-1:
R-0 R-0

R/W-0

The CMCONO register (Register 8-1) controls the
comparator input and output multiplexers. A block
diagram of the various comparator configurations is
shown in Figure 8-3.

CMCONO - COMPARATOR CONFIGURATION REGISTER (ADDRESS: 19h)
R/W-0

R/W-0 R/W-0 R/W-0 R/W-0

C20uT ClouT

C2INV

CLINV cs | cm2 | cmit | cmo |

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

bit 7

C20UT: Comparator 2 Output bit

When C2INV = 0:

1 =C2VIN+ > C2 VIN-

0 =C2 VIN+ < C2 VIN-

When C2INV =1:

1 =C2 VIN+ < C2 VIN-

0 =C2 VIN+ > C2 VIN-

C1OUT: Comparator 1 Output bit

When C1INV =0:

1 =C1VINt+ > C1 VIN-

0 = C1 VIN+ < C1 VIN-

When C1INV = 1:

1 =C1VINt+ < C1 VIN-

0 = C1 VIN+ > C1 VIN-

C2INV: Comparator 2 Output Inversion bit

1 = C2 output inverted

0 = C2 output not inverted

C1INV: Comparator 1 Output Inversion bit

1 = C1 Output inverted

0 = C1 Output not inverted

CIS: Comparator Input Switch bit

When CM<2:0> = 010:

1 = C1 VIN- connects to RAO/ANO
C2 VIN- connects to RCO/AN4

0 = C1 VIN- connects to RAT/AN1
C2 VIN- connects to RC1/AN5S

When CM<2:0> = 001:

1 = C1 VIN- connects to RAO/ANO

0 = C1 VIN- connects to RAT/AN1

CM<2:0>: Comparator Mode bits

Figure 8-3 shows the Comparator modes and CM<2:0> bit settings

bit 0

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set ‘0’ = Bitis cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown
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8.1 Comparator Operation FIGURE 8-1: SINGLE COMPARATOR

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 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 8-1 represent
the uncertainty due to input offsets and response time.

VIN+
Output

VIN-

Note: To use CIN+ and CIN- pins as analog
inputs, the appropriate bits must be
programmed in the CMCONO (19h)

register.
The polarity of the comparator output can be inverted .
by setting the CxXINV bits (CMCONO<5:4>). Clearing 8.2 A”a|99 Inpgt Connection
CxINV results in a non-inverted output. A complete Considerations

table showing the output state versus input conditions

and the polarity bit is shown in Table 8-1. A simplified circuit for an analog input is shown in

Figure 8-2. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD

TABLE 8-1: OUTPUT STATE VS. INPUT and Vss. The analog input, therefore, must be between

CONDITIONS Vss and VDD. If the input voltage deviates from this
Input Conditions CINV CxOUT range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up may occur. A
VIN- > ViN+ 0 0 maximum source impedance of 10 kQ is recommended
VIN- < VIN+ 0 1 for the analog sources. Any external component
VIN- > VIN+ 1 1 connected to an analog input pin, such as a capacitor
or a Zener diode, should have very little leakage
VIN- < VIN+ 1 0 current.

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 as analog inputs according to the

input specification.

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

FIGURE 8-2: ANALOG INPUT MODEL
VDD
VT = 0.6V RIC
ANV >
Leakage
VT =0.6V +500 nA
—L vss
Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
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8.3 Comparator Configuration

There are eight modes of operation for the compara-
tors. The CMCONO register is used to select these

modes. Figure 8-3 shows the eight possible modes.

FIGURE 8-3:

If the Comparator mode is changed, the comparator
output level may not be valid for the specified mode
change delay shown in Section 15.0 “Electrical
Specifications”.

Note:  Comparator interrupts should be disabled

during a Comparator

mode change.

Otherwise, a false interrupt may occur.

COMPARATOR I/O OPERATING MODES

Comparators Reset (POR Default Value)

Comparators Off (Lowest Power)

CM<2:0> =000 CM<2:0> =111
RATANL A VIN-| ™ RAVANL 2 VIN-IZ
Off (Read ‘0’ Off (Read ‘0’
RAO/AND A VINH Cl (Read as'0) RAO/AND - $VINH, Cl (Readas 0
RCL/ANS A VIN-| RCLAN5 2 VIN-| =
c2 Off (Read as 0’ c2 Off (Read as ‘0"
RCO/AN4 A VINH | (Read s 0) RCO/AN4 D JVINH | (Read as 0
Four Inputs Multiplexed to Two Comparators
1(;v’\\//|o<I2r!g§p:e|1%%nt Comparators CM<2:0> = 010
A
RALANL A VIN-| 2 RALUANL —° cjs=0  VIN-]>
C10UT A *CIS=1
RAO/AND A VINH C1 RAO/ANO —=—o Vind | CL>—C10UT
RCL/AN5 2o
A VIN- £Is=0 VIN-| >
RCI/ANS ————— RCO/AN4 Ao CIS=11 | co>coouT
A VINH , C2 c20uT A
RCO/AN4 n

From CVREF Module

Two Common Reference Comparators
CM<2:0> =011

RALANL A VIN-| 2

c1 c10uUT
RAO/ANO D _VINH
RC1/ANS A VIN-] =

c2 C20UT
RCO/AN4 A VINH

Two Common Reference Comparators with Outputs
CM<2:0> =110

RA1/AN1 A—VIN'_
c1 ciouT
RA2/C10UT -2 _VINH
RC1/ANS A VIN-] =
c2 c20uUT
RCO/ANA A VINY |
RC4/C20UT

One Independent Comparator

CM<2:0>=101
RALANT 2 VIN-| ™
c1 Off (Read as 0’
RAO/ANO —B_ ¢ VINH (Read as D)
RC1/ANS A VIN-| =
C20UT
RCO/ANG A VINH, C2

Three Inputs Multiplexed to Two Comparators
CM<2:0> =001

A
RAUANL ——° " CIS=0_VIN-

RAD/ANO Ao~ CIS=1 Ving, C1>— C10UT

RC1/AN5 -2 VIN- |

C20UT
RCO/AN4 —A VinH | C2

Legend: A = Analog Input, ports always read ‘0’
D = Digital Input

CIS (CMCONO0<3>) is the Comparator Input Switch
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FIGURE 8-4: INVERTIBLE COMPARATOR C1 OUTPUT BLOCK DIAGRAM
3—|€
35 3 C1INV
2 W
<
To C10UT pin
To Data Bus | Q D
FJ EN Q3
RD CMCON
Set C1IF bit
\ Q D
EN RD CMCON
CL
T— NRESET
FIGURE 8-5: INVERTIBLE COMPARATOR C2 OUTPUT BLOCK DIAGRAM
— Z
S C
e —ir 4
5 = C2INV
T
7 Ik — L
— X<
C2SYNC
To TMR1 — |
0
To C20UT pin —4
1 Q D
TMR1
EN | Clock Source®
To Data Bus | Q D
Fl EN Q3
RD CMCON
Set C2IF bit —G(\ Q D

EN ———  RD CMCON
CL

T— Reset

Note 1: Comparator 2 output is latched on falling edge of T1 clock source.
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REGISTER 8-2: CMCON1 - COMPARATOR CONFIGURATION REGISTER (ADDRESS: 1Ah)
u-0 uU-0 uU-0 uU-0 uU-0 u-0 R/W-1 R/W-0
— — — — — | — ] Tiess |casync |
bit 7 bit 0
bit 7-2: Unimplemented: Read as ‘0’
bit 1 T1GSS: Timerl Gate Source Select bit

1= Timerl gate source is T1G pin (RA4 must be configured as digital input)
0 = Timerl gate source is comparator 2 output

bit 0 C2SYNC: Comparator 2 Synchronize bit

1= C2 output synchronized with falling edge of Timerl clock
0 = C2 output not synchronized with Timerl clock

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

84 Comparator Outputs

The comparator outputs are read through the
CMCONO register. These bits are read-only. The
comparator outputs may also be directly output to the
RA2 and RC4 1/O pins. When enabled, multiplexers in
the output path of the RA2 and RC4 pins will switch
and the output of each pin will be the unsynchronized
output of the comparator. The uncertainty of each of
the comparators is related to the input offset voltage
and the response time given in the specifications.
Figure 8-4 and Figure 8-5 show the output block
diagram for Comparator 1 and 2.

The TRIS bits will still function as an output enable/
disable for the RA2 and RC4 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C1INV and C2INV bits (CMCONO0<5:4>).

Timerl gate source can be configured to use the T1G
pin or Comparator 2 output as selected by the T1GSS
bit (CMCON1<1>). This feature can be used to time the
duration or interval of analog events. The output of
Comparator 2 can also be synchronized with Timerl by
setting the C2SYNC bit (CMCON1<0>). When
enabled, the output of Comparator 2 is latched on the
falling edge of Timerl clock source. If a prescaler is
used with Timerl, Comparator 2 is latched after the
prescaler. To prevent a race condition, the Comparator
2 output is latched on the falling edge of the Timerl
clock source and Timerl increments on the rising edge
of its clock source. See the Comparator 2 Block
Diagram (Figure 8-5) and the Timerl Block Diagram
(Figure 6-1) for more information.

It is recommended to synchronize Comparator 2 with
Timerl by setting the C2SYNC bit when Comparator 2
is used as the Timerl gate source. This ensures Timerl
does not miss an increment if Comparator 2 changes
during an increment.

8.5 Comparator Interrupts

The comparator interrupt flags are set whenever there
is a change in the output value of its respective compar-
ator. Software will need to maintain information about
the status of the output bits, as read from
CMCONO0<7:6>, to determine the actual change that
has occurred. The CxIF bits, PIR1<4:3>, are the
Comparator Interrupt Flags. This bit must be reset in
software by clearing it to ‘0’. Since it is also possible to
write a ‘1’ to this register, a simulated interrupt may be
initiated.

The CxIE bits (PIE1<4:3>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupts. In
addition, the GIE bit must also be set. If any of these
bits are cleared, the interrupt is not enabled, though the
CxIF bits will still be set if an interrupt condition occurs.

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCONO. This will end the
mismatch condition.

b) Clear flag bit CxIF.

A mismatch condition will continue to set flag bit CxIF.
Reading CMCONO will end the mismatch condition and
allow flag bit CxIF to be cleared.

Note: If a change in the CMCONO register
(CxOUT) should occur when a read
operation is being executed (start of the Q2
cycle), then the CxIF (PIR1<4:3>) interrupt
flag may not get set.

© 2004 Microchip Technology Inc.
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8.6 Comparator Reference

The comparator module also allows the selection of an
internally generated voltage reference for one of the
comparator inputs. The VRCON register (Register 8-3)
controls the voltage reference module shown in
Figure 8-6.

8.6.1 CONFIGURING THE VOLTAGE
REFERENCE

The voltage reference can output 32 distinct voltage
levels, 16 in a high range and 16 in a low range.

The following equation determines the output voltages:

EQUATION 8-1:
VRR =1 (low range): CVRer = (VR3:VR0/24) x VDD
VRR =0 (high range):

CVREF = (VDD/4) + (VR3:VRO X VDD/32)

8.6.2 VOLTAGE REFERENCE
ACCURACY/ERROR

The full range of Vss to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 8-6) keep CVREF from approaching Vss or
VDD. The exception is when the module is disabled by
clearing the VREN bit (VRCON<7>). When disabled,
the reference voltage is Vss when VR<3:0> is ‘0000’
and the VRR (VRCON<5>) bit is set. This allows the
comparators to detect a zero-crossing and not
consume CVREF module current.

The voltage reference is Vbbp derived and therefore, the
CVREF output changes with fluctuations in Vbbp. The
tested absolute accuracy of the comparator voltage
Reference can be found in Section 15.0 “Electrical
Specifications”.

b—— VREN
] —— VR3:VRO = ‘0000’
- VRR

FIGURE 8-6: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
16 Stages
A
8R R R R R
VDD ] - 0 00 o \\\ NN/, .
8R :| |—VRR
16-1 Analog
MUX
VREN
CVREF to
Comparator «——@———
Input -
VR3:VRO
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8.7 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output is ensured to have a valid level. If
the internal reference is changed, the maximum delay
of the internal voltage reference must be considered
when using the comparator outputs. Otherwise, the
maximum delay of the comparators should be used
(Table 15-8).

8.8 Operation During Sleep

The comparators and voltage reference, if enabled
before entering Sleep mode, remain active during
Sleep. This results in higher Sleep currents than shown
in the power-down specifications. The additional
current consumed by the comparator and the voltage
reference is shown separately in the specifications. To
minimize power consumption while in Sleep mode, turn
off the comparator, CM<2:0> = 111, and voltage
reference, VRCON<7> = 0.

While the comparator is enabled during Sleep, an inter-
rupt will wake-up the device. If the GIE bhit
(INTCON<7>) is set, the device will jump to the inter-
rupt vector (0004h), and if clear, continues execution
with the next instruction. If the device wakes up from
Sleep, the contents of the CMCONO, CMCON1 and
VRCON registers are not affected.

8.9 Effects of a Reset

A device Reset forces the CMCONO, CMCON1 and
VRCON registers to their Reset states. This forces the
comparator module to be in the Comparator Reset
mode, CM<2:0> = 000 and the voltage reference to its
off state. Thus, all potential inputs are analog inputs
with the comparator and voltage reference disabled to
consume the smallest current possible.
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REGISTER 8-3: VRCON — VOLTAGE REFERENCE CONTROL REGISTER (ADDRESS: 99h)
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN — VRR — VR | VR2 | VR1 | VRO |
bit 7 bit 0
bit 7 VREN: CVREF Enable bit
1 = CVREF circuit powered on
0 = CVREF circuit powered down, no IDD drain and CVREF = VSS
bit 6 Unimplemented: Read as ‘0’
bit 5 VRR: CVREF Range Selection bit
1 = Low range
0 = High range
bit 4 Unimplemented: Read as ‘0’
bit 3-0 VR<3:0>: CVREF Value Selection 0 £ VR<3:0>< 15
When VRR = 1: CVREF = (VR<3:0>/24) * VDD
When VRR = 0: CVREF = VDD/4 + (VR<3:0>/32) * VDD
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
TABLE 8-2: 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 POR. BOD all other
Resets
0Bh/8Bh | INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 | 0000 0000
0Ch PIR1 EEIF ADIF | CCP1IF | C2IF ClIF OSFIF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
19h CMCONO | C20UT | C1OUT | C2INV | C1INV cIs CcM2 CM1 CMO 0000 0000 | 0000 0000
1Ah CMCON1 — — — — — — T1GSS | C2SYNC | ---- -- 0 | ---- -- 10
85h TRISA — — TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO 11 1111 11 1111
87h TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | --11 1111 | --11 1111
8Ch PIE1 EEIE ADIE | CCP1IE | C2IE ClIE OSFIE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
99h VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 | 0-0- 0000
Legend: x = unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the Capture, Compare or

Timerl module.
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9.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital converter (A/D) allows conver-
sion of an analog input signal to a 10-bit binary repre-
sentation of that signal. The PIC16F684 has eight
analog inputs, multiplexed into one sample and hold

circuit. The output of the sample and hold is connected
to the input of the converter. The converter generates a
binary result via successive approximation and stores
the result in a 10-bit register. The voltage reference
used in the conversion is software selectable to either
VDD or a voltage applied by the VREF pin. Figure 9-1
shows the block diagram of the A/D on the PIC16F684.

FIGURE 9-1: A/D BLOCK DIAGRAM
VDD
VCFG =0 o
VREF VCEG=1_ ©
RA0/ANO [X
RALANLVRer X "
ra2/AN2 X
RA4/AN3 X GO/DONE—>| 10
RCO/AN4 |X ADEM
RCUAN5 [ o
rc2/AaNe X ADON—|
RC3/AN7 X Ves [ ADRESH | ADRESL |
CHS<2:0>—

9.1 A/D Configuration and Operation

There are three registers available to control the
functionality of the A/D module:

1. ANSEL (Register 9-1)

2. ADCONO (Register 9-2)

3. ADCONLI1 (Register 9-3)

9.1.1 ANALOG PORT PINS

The ANS<7:0> bits (ANSEL<7:0>) and the TRIS bits
control the operation of the A/D port pins. Set the
corresponding TRIS bits to set the pin output driver to
its high-impedance state. Likewise, set the correspond-
ing ANSEL bit to disable the digital input buffer.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

9.1.2 CHANNEL SELECTION

There are eight analog channels on the PIC16F684,
ANO through  AN7. The  CHS<2:0> bits
(ADCONO0<4:2>) control which channel is connected to
the sample and hold circuit.

9.1.3 VOLTAGE REFERENCE

There are two options for the voltage reference to the
A/D converter: either VDD is used, or an analog voltage
applied to VREF is used. The VCFG bit (ADCONO0<6>)
controls the voltage reference selection. If VCFG is set,
then the voltage on the VREF pin is the reference;
otherwise, VDD is the reference.
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9.14 CONVERSION CLOCK

The A/D conversion cycle requires 11 TAD. The source
of the conversion clock is software selectable via the
ADCS bits (ADCON1<6:4>). There are seven possible
clock options:

» Fosc/16
» Fosc/32
» Fosc/64
* FRc (dedicated internal oscillator)

For correct conversion, the A/D conversion clock

» Fosc/2 (1/TaD) must be selected to ensure a minimum TAD of
« Foscl/a 1.6 us. Table 9-1 shows a few TaD calculations for
« Fosc/8s selected frequencies.
TABLE 9-1: TAD VS. DEVICE OPERATING FREQUENCIES
A/D Clock Source (TAD) Device Frequency
Operation ADCS2:ADCSO0 20 MHz 5 MHz 4 MHz 1.25 MHz

2 Tosc 000 100 ns@ 400 ns® 500 ns@ 1.6 us

4 Tosc 100 200 ns® 800 ns® 1.0 ps@ 3.2 s

8 Tosc 001 400 ns® 1.6 us 2.0 us 6.4 s

16 Tosc 101 800 ns® 3.2 us 4.0 ps 12.8 us®

32 Tosc 010 1.6 us 6.4 s 8.0 us® 25.6 ps®

64 Tosc 110 3.2 us 12.8 ps® 16.0 pus® 51.2 us®

AD RC x11 2-6 ps@4 2-6 ps@4) 2-6 s 2-6 us@4
Legend: Shaded cells are outside of recommended range.

Note 1:

The A/D RC source has a typical TAD time of 4 ps for VDD > 3.0V.

2. These values violate the minimum required TAD time.
3. For faster conversion times, the selection of another clock source is recommended.
4:  When the device frequency is greater than 1 MHz, the A/D RC clock source is only recommended if the

conversion will be performed during Sleep.

9.1.5 STARTING A CONVERSION

The A/D conversion is initiated by setting the
GO/DONE bit (ADCONO0<1>). When the conversion is
complete, the A/D module:

« Clears the GO/DONE bit

» Sets the ADIF flag (PIR1<6>)

* Generates an interrupt (if enabled)

FIGURE 9-2:

A/D CONVERSION Tab CYCLES

If the conversion must be aborted, the GO/DONE bit
can be cleared in software. The ADRESH:ADRESL
registers will not be updated with the partially complete
A/D conversion sample. Instead, the
ADRESH:ADRESL registers will retain the value of the
previous conversion. After an aborted conversion, a
2 TaD delay is required before another acquisition can
be initiated. Following the delay, an input acquisition is
automatically started on the selected channel.

The GO/DONE bit should not be set in the
same instruction that turns on the A/D.

Note:

T b9 b8 b7 b6

Conversion Starts

Set GO bit

Tcy to TAD. TAD1 | TAD2  TAD3 | TAD4 = TAD5 | TAD6 = TAD7  TAD8 = TaD9 Tap10 TADI11

b5

Holding Capacitor is Disconnected from Analog Input (typically 100 ns)

b4 b3 b2 bl b0

ADRESH and ADRESL registers are Loaded,
GO bit is Cleared,

ADIF bit is Set,

Holding Capacitor is Connected to Analog Input
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9.1.6 CONVERSION OUTPUT

The A/D conversion can be supplied in two formats: left
or right shifted. The ADFM bit (ADCONO0<7>) controls
the output format. Figure 9-3 shows the output formats.

FIGURE 9-3: 10-BIT A/D RESULT FORMAT
ADRESH ADRESL

worm=0)  wse] | | [ | [ | | [ Jesf | [ [ [ [ |
bit 7 bit 0 bit 7 bit 0
= — - ~

10-bit A/D Result Unimplemented: Read as ‘0’

worm=1y [ [ | [ [ [ fwss] | [ [ [ | [ [ [ [uss]

bit 7 bit 0 bit 7 bit 0
Unimplemented: Read as ‘0’ 10-bit A/D Result

REGISTER 9-1: ANSEL — ANALOG SELECT REGISTER (ADDRESS: 91h)

RW-1  RMW-1  RMW-1  RMW-1 RW-1 RW-1  RMW-1  RMW-1

ANS7 | ANS6 | ANS5 | ANS4 | ANS3 | ANS2 | ANSL | ANSO

bit 7 bit 0
bit 7-0: ANS<7:0>: Analog Select bits

Analog select between analog or digital function on pins AN<7:0>, respectively.
1 = Analog input. Pin is assigned as analog input(l).
0 = Digital I/0. Pin is assigned to port or special function.

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry,
weak pull-ups, and interrupt-on-change if available. The corresponding TRIS bit
must be set to input mode in order to allow external control of the voltage on the pin.

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
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REGISTER 9-2: ADCONO - A/D CONTROL REGISTER (ADDRESS: 1Fh)

RW-0  RW-0 U-0 RW-0 RMW-0 RW-0  RW-0  RMW-0
ADFM | VCFG — | cHs2 | cHs1t | cHso |GO/DONE| ADON
bit 7 bit 0
bit 7 ADFM: A/D Result Formed Select bit

1 = Right justified
0 = Left justified

bit 6 VCFG: Voltage Reference bit
1 = VREF pin
0 =VDD
bit 5 Unimplemented: Read as ‘0’
bit 4-2 CHS<2:0>: Analog Channel Select bits

000 = Channel 00 (ANO)
001 = Channel 01 (AN1)
010 = Channel 02 (AN2)
011 = Channel 03 (AN3)
100 = Channel 04 (AN4)
101 = Channel 05 (AN5)
110 = Channel 06 (ANG)
111 = Channel 07 (AN7)
bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
bit O ADON: A/D Conversion Status bit
1 = A/D converter module is operating
0 = A/D converter is shut-off and consumes no operating current

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

REGISTER 9-3: ADCON1 — A/D CONTROL REGISTER 1 (ADDRESS: 9Fh)

uU-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 uU-0 uU-0
— ADCS2 | ADcst [ Apcso | — | — | — —
bit 7 bit 0
bit 7: Unimplemented: Read as ‘0’
bit 6-4: ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32
x11 = FRc (clock derived from a dedicated internal oscillator = 500 kHz max)
100 = Foscl/4
101 = Fosc/16
110 = Fosc/64

bit 3-0: Unimplemented: Read as ‘0’

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
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9.1.7 CONFIGURING THE A/D

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 15.0 “Electri-
cal Specifications”. After this sample time has
elapsed, the A/D conversion can be started.

These steps should be followed for an A/D conversion:

1. Configure the A/D module:
« Configure analog/digital I/O (ANSEL)
« Configure voltage reference (ADCONO)
» Select A/D input channel (ADCONO)
« Select A/D conversion clock (ADCONL1)
e Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
» Clear ADIF bit (PIR1<6>)
» Set ADIE bit (PIE1<6>)
« Set PEIE and GIE bits (INTCON<7:6>)
3. Wait the required acquisition time.
4. Start conversion:
» Set GO/DONE bit (ADCONO0<0>)
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.

EXAMPLE 9-1: A/D CONVERSION

; This code bl ock configures the AID
;for polling, Vdd reference, R/ C clock
;and RAO input.

; Conversion start & wait for conplete
;polling code included.

BSF STATUS, RPO ;Bank 1

MOVLW B’ 01110000’ ; A/ D RC cl ock

MOVWF  ADCONL

BSF TRI SA, 0 ;Set RAO to input

BSF ANSEL, 0 ; Set RAO to anal og
BCF STATUS, RPO ; Bank 0

MOVLW B’ 10000001’ ;Right, vdd Vref, ANO
MOV ADCONO

CALL  Sanpl eTi ne Wit min sanple tine
BSF ADCONO, GO ;Start conversion
BTFSC ADCONO, GO ;1's conversion done?
GOTO $-1 ;No, test again

MOVF  ADRESH, W
MOWNF  RESULTHI
BSF STATUS, RPO ; Bank 1

MOVF  ADRESL, W ;Read lower 8 bits
MOWWF RESULTLO

; Read upper 2 bits
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9.2 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy, the
charge holding capacitor (CHOLD) must be allowed to
fully charge to the input channel voltage level. The ana-
log input model is shown in Figure 9-4. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHOLD. The sampling switch (Rss) imped-
ance varies over the device voltage (VDD), see
Figure 9-4. The maximum recommended impedance
for analog sources is 10 kQ. As the impedance is
decreased, the acquisition time may be decreased.

EQUATION 9-1: ACQUISITION TIME

After the analog input channel is selected (changed),
this acquisition must be done before the conversion can
be started.

To calculate the minimum acquisition time, Equation 9-1
may be used. This equation assumes that 1/2 LSb error is
used (1024 steps for the A/D). The 1/2 LSb error is the
maximum error allowed for the A/D to meet its specified
resolution.

To calculate the minimum acquisition time, TACQ, see
the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023).

= TAMP + TC + TCOFF
=2 us + Tc + [(Temperature -25°C)(0.05 us/°C)]

Tc = CHoLD (RIC + Rss + RS) In(1/2047)
=-120 pF (1 k@ + 7kQ + 10kQ) In(0.0004885)
=16.47 15

TACQ = 2 s + 16.47 s + [(50°C-25°C)(0.05 us/°C)]
=19.72 1

TAacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin

leakage specification.

FIGURE 9-4: ANALOG INPUT MODEL
Voo Sampling
i
R VT=0.6V , Switch
.~ Rs: ANx Ric <1k SS Rss:
@ ol L e T CHOLR apacit
. ! PIN _L 1 = capacitance
O T VT =06V(})L'506 nA T =120pF
= Vss
:
Legend: CPIN = Input Capacitance VDD 4\- \
\a) = Threshold Voltage §¥
| LEAKAGE = Leakage Current at the pin due to
various junctions
RiCc = Interconnect Resistance
. . 567891011
SS = Sampling Switch Sampling Switch
CHOLD = Sample/Hold Capacitance (from DAC) (kQ)
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9.3 A/D Operation During Sleep

The A/D converter module can operate during Sleep.
This requires the A/D clock source to be set to the
internal oscillator. When the RC clock source is
selected, the A/D waits one instruction before starting
the conversion. This allows the SLEEP instruction to be
executed, thus eliminating much of the switching noise
from the conversion. When the conversion is complete,
the GO/DONE bit is cleared and the result is loaded
into the ADRESH:ADRESL registers.

FIGURE 9-5: A/D TRANSFER FUNCTION

If the A/D interrupt is enabled, the device awakens from
Sleep. If the GIE bit (INTCON<7>) is set, the program
counter is set to the interrupt vector (0004h), if GIE is
clear, the next instruction is executed. If the A/D inter-
rupt is not enabled, the A/D module is turned off,
although the ADON bit remains set.

When the A/D clock source is something other than
RC, a SLEEP instruction causes the present conversion
to be aborted, and the A/D module is turned off. The
ADON bit remains set.

Full-Scale Range

3FFh
3FEh
3FDh
3FCh
3FBh

=
=

004h -
003h -
002h -
001h -
000h

A/D Output Code

l«— 1 LSB ideal

Full-Scale
Transition

—>‘ ‘<— 1 LSB ideal

oV Zero-Scale

Transition

Analog Input Voltage

VREF

9.4 Effects of Reset

A device Reset forces all registers to their Reset state.
Thus, the A/D module is turned off and any pending
conversion is aborted. The ADRESH:ADRESL
registers are unchanged.

9.5 Use of the ECCP Trigger

An A/D conversion can be started by the “special event
trigger” of the ECCP module. This requires that the
CCP1M3:CCP1M0O bits (CCP1CON<3:0>) be
programmed as ‘1011’ and that the A/D module is
enabled (ADON bit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D conversion
and the Timerl counter will be reset to zero. Timerl is
reset to automatically repeat the A/D acquisition period
with  minimal software overhead (moving the
ADRESH:ADRESL to the desired location).

The appropriate analog input channel must be selected
and the minimum acquisition done before the “special
event trigger” sets the GO/DONE bit (starts a
conversion).

If the A/D module is not enabled (ADON is cleared),
then the “special event trigger” will be ignored by the
A/D module, but will still reset the Timerl counter. See
Section 11.0 “Enhanced Capture/Compare/PWM
(ECCP) Module” for more information.
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TABLE 9-2: SUMMARY OF A/D REGISTERS

. . . . . . . . Value on: Value on

Addr | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOD all other
Resets

05h |PORTA — — RA5 RA4 RA3 RA2 RA1 RAO |--XX XXXX|--uu uuuu
07h |PORTC — — RC5 RC4 RC3 RC2 RC1 RCO [--XX XXXX|--Uuu uuuu
0Bh/ |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF {0000 0000|0000 0000
8Bh
0Ch |PIR1 EEIF ADIF CCP1IF C2IF ClIF OSFIF TMR2IF | TMR1IF {0000 0000|0000 0000
1Eh |ADRESH |Most Significant 8 bits of the left shifted A/D result or 2 bits of the right shifted result XXXX XXXX|Uuuuu uuuu
1Fh |ADCONO | ADFM | VCFG — CHS2 CHS1 CHSO | GO/DONE | ADON |00-0 0000|00-0 0000
85h |TRISA — — TRISAS5 | TRISA4 | TRISA3 | TRISA2 TRISA1 | TRISAO |--11 1111|--11 1111
87h |TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 TRISC1 | TRISCO |--11 1111|--11 1111
8Ch |PIEl EEIE ADIE CCP1IE C2IE ClIE OSFIE TMR2IE | TMR1IE {0000 0000|0000 0000
91h |ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO (1111 1111|1111 1111
9Eh |ADRESL |Least Significant 2 bits of the left shifted A/D result or 8 bits of the right shifted result XXXX XXXX|Uuuuu uuuu
ofh |apconi| — |apbcs2| apcsi [mpcso| — | — | — — |-000 ----]-000 ----
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’. Shaded cells are not used for A/D module.
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10.0 DATA EEPROM MEMORY

The EEPROM data memory is readable and writable
during normal operation (full VDD range). This memory
is not directly mapped in the register file space.
Instead, it is indirectly addressed through the Special
Function Registers. There are four SFRs used to read
and write this memory:

» EECON1

* EECONZ2 (not a physically implemented register)
 EEDAT

« EEADR

EEDAT holds the 8-bit data for read/write, and EEADR
holds the address of the EEPROM location being

accessed. PIC16F684 has 256 bytes of data EEPROM
with an address range from Oh to FFh.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write). The EEPROM
data memory is rated for high erase/write cycles. The
write time is controlled by an on-chip timer. The write
time will vary with voltage and temperature as well as
from chip-to-chip. Please refer to AC Specifications in
Section 15.0 “Electrical Specifications” for exact
limits.

When the data memory is code-protected, the CPU
may continue to read and write the data EEPROM
memory. The device programmer can no longer access
the data EEPROM data and will read zeroes.

Additional information on the data EEPROM is
available in the “PICmicro® Mid-Range MCU Family
Reference Manual” (DS33023).

REGISTER 10-1: EEDAT — EEPROM DATA REGISTER (ADDRESS: 9Ah)

R/W-0 RW-0  RMW-0  R/W-0 R/W-0 RW-0 R/MW-0 R/MW-0
EEDAT7 | EEDAT6 | EEDATS | EEDAT4 | EEDAT3 | EEDAT2 | EEDATL | EEDATO
bit 7 bit 0
bit 7-0 EEDATN: Byte Value to Write to or Read From Data EEPROM bits
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared

X = Bit is unknown

REGISTER 10-2:

EEADR — EEPROM ADDRESS REGISTER (ADDRESS: 9Bh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEADR7 | EEADR6 | EEADR5S | EEADR4 | EEADR3 ‘ EEADR2 ‘ EEADR1 | EEADRO
bit 7 bit 0
bit 7-0 EEADR: Specifies One of 256 Locations for EEPROM Read/Write Operation bits
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
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10.1 EECON1 and EECON2 Registers

EECONL1 is the control register with four low-order bits
physically implemented. The upper four bits are non-
implemented and read as ‘0’s.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset, or a WDT Time-out Reset during normal
operation. In these situations, following Reset, the user

can check the WRERR bit, clear it and rewrite the
location. The data and address will be cleared. There-
fore, the EEDAT and EEADR registers will need to be
re-initialized.

Interrupt flag, EEIF bit (PIR1<7>), is set when write is
complete. This bit must be cleared in software.

EECON?2 is not a physical register. Reading EECON2
will read all ‘O's. The EECON2 register is used
exclusively in the data EEPROM write sequence.

Note: The EECON1, EEDAT and EEADR
registers should not be modified during a
data EEPROM write (WR bit = 1).

REGISTER 10-3: EECON1 - EEPROM CONTROL REGISTER (ADDRESS: 9Ch)

uU-0 u-0 u-0 U-0 R/W-x R/W-0 R/S-0 R/S-0
— — — — | WRERR | WREN | WwR RD
bit 7 bit 0
bit 7-4 Unimplemented: Read as ‘0’
bit 3 WRERR: EEPROM Error Flag bit

1 =A write operation is prematurely terminated (any MCLR Reset, any WDT Reset during

normal operation or BOD detect)
0 =The write operation completed

bit 2 WREN: EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the data EEPROM

bit 1 WR: Write Control bit

1 =Initiates a write cycle (The bit is cleared by hardware once write is complete. The WR bit
can only be set, not cleared, in software.)
0 =Write cycle to the data EEPROM is complete

bit 0 RD: Read Control bit

1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared in hardware. The RD bit
can only be set, not cleared, in software.)

0 = Does not initiate an EEPROM read

Legend:

S = Bit can only be set
R = Readable bit

-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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10.2 Reading the EEPROM Data
Memory

To read a data memory location, the user must write the
address to the EEADR register and then set control bit
RD (EECON1<0>), as shown in Example 10-1. The
data is available, in the very next cycle, in the EEDAT
register. Therefore, it can be read in the next
instruction. EEDAT holds this value until another read,
or until it is written to by the user (during a write
operation).

EXAMPLE 10-1: DATA EEPROM READ

BSF STATUS, RPO ; Bank 1

MOVLW CONFI G_ADDR;

MOVWF EEADR ; Address to read
BSF EECON1, RD ; EE Read

MOVF EEDAT, W ; Move data to W

10.3 Writing to the EEPROM Data
Memory

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data
to the EEDAT register. Then the user must follow a
specific sequence to initiate the write for each byte, as
shown in Example 10-2.

EXAMPLE 10-2: DATA EEPROM WRITE

BSF STATUS, RPO  ; Bank 1
BSF EECON1, WREN ; Enable wite
BCF INTCON, G E ;Disable INTs
MOVLW 55h ;Unlock wite
BE MOWF  EECON2 ;
=3 MOVLW AAh ;
& MOWF  EECON2 ;
BSF EECON1, \R ;Start the wite
BSF INTCON, @ E ; Enable INTS

The write will not initiate if the above sequence is not
exactly followed (write 55h to EECONZ2, write AAh to
EECON2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment. A cycle count is executed during the
required sequence. Any number that is not equal to the
required cycles to execute the required sequence will
prevent the data from being written into the EEPROM.

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bhit is set.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. The EEIF bit
(PIR1<7>) register must be cleared by software.

10.4  Write Verify

Depending on the application, good programming
practice may dictate that the value written to the data
EEPROM should be verified (see Example 10-3) to the
desired value to be written.

EXAMPLE 10-3: WRITE VERIFY

BSF STATUS, RPO  ; Bank 1

MOVF EEDAT, W ; EEDAT not changed
;fromprevious wite

BSF EECON1, RD ; YES, Read the
;value witten

XORWF  EEDAT, W

BTFSS STATUS, Z ;1s data the sane
[co)|0] WRI TE_ERR ; No, handle error
: ; Yes, continue

10.4.1 USING THE DATA EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information. The maximum
endurance for any EEPROM cell is specified as Dxxx.
D120 or D120A specify a maximum number of writes to
any EEPROM location before a refresh is required of
infrequently changing memory locations.

10.4.2 EEPROM ENDURANCE

A hypothetical data EEPROM is 64 bytes long and has
an endurance of 1M writes. It also has a refresh param-
eter of 10M writes. If every memory location in the cell
were written the maximum number of times, the data
EEPROM would fail after 64M write cycles. If every
memory location save one were written the maximum
number of times, the data EEPROM would fail after
63M write cycles, but the one remaining location could
fail after 10M cycles. If proper refreshes occurred, then
the lone memory location would have to be refreshed
six times for the data to remain correct.
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10.5

There are conditions when the user may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built in. On power-up, WREN is cleared. Also, the
Power-up  Timer (64 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during:

Protection Against Spurious Write

¢ Brown-out
* Power Glitch
» Software Malfunction

10.6 Data EEPROM Operation During

Code-Protect

Data memory can be code-protected by programming
the CPD bit in the Configuration Word register
(Register 12-1) to ‘0’.

When the data memory is code-protected, the CPU is
able to read and write data to the data EEPROM. It is
recommended to code-protect the program memory
when code-protecting data memory. This prevents
anyone from programming zeroes over the existing
code (which will execute as NOPs) to reach an added
routine, programmed in unused program memory,
which outputs the contents of data memory.
Programming unused locations in program memory to
‘0’ will also help prevent data memory code protection
from becoming breached.

TABLE 10-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM

. . . . . . . . Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR. BOD all other

Resets

0Bh/8Bh |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF |0000 0000|0000 0000
0Ch PIR1 EEIF ADIF | CCP1lIF | C2IF C1IF OSFIF | TMR2IF | TMR1IF |0000 0000|0000 0000
8Ch PIE1 EEIE ADIE |[CCPlIE| C2IE ClIE OSFIE | TMR2IE | TMR1IE |0000 0000|0000 0000
9Ah EEDAT EEDAT7 |EEDAT6 |EEDAT5 |EEDAT4 |EEDAT3 |EEDAT2 |EEDAT1 |[EEDATO | 0000 0000 {0000 0000
9Bh EEADR EEADR7|EEADRG6 |EEADR5|[EEADR |EEADR [EEADR (EEADR |EEADR |0000 0000|0000 0000
9Ch EECON1 — — — — WRERR | WREN WR RD ---- x000(---- gO000
9Dh EECON2( [EEPROM Control register 2 e
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’, q = value depends upon condition.

Shaded cells are not used by data EEPROM module.

Note 1. EECON2 is not a physical register.
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11.0 ENHANCED
CAPTURE/COMPARE/PWM
(ECCP) MODULE

The enhanced Capture/Compare/PWM (ECCP)
module contains a 16-bit register which can operate as
a

» 16-bit Capture register

« 16-bit Compare register

« PWM Master/Slave Duty Cycle register
Capture/Compare/PWM Register 1 (CCPR1) is

comprised of two 8-bit registers: CCPR1L (low byte)
and CCPR1H (high byte).

The CCP1CON register controls the operation of
ECCP. The special event trigger is generated by a
compare match and will clear both TMR1H and TMR1L
registers.

TABLE 11-1: ECCP MODE - TIMER
RESOURCES REQUIRED

ECCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

REGISTER 11-1: CCP1CON — ENHANCED CCP OPERATION REGISTER (ADDRESS: 15h)

R/W-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| PIM1I | PiIMO | DCIBl1 | DCIBO | CCPIM3 | CCPIM2 | CCPIM1 | CCPIMO |
bit 7 bit 0
bit 7-6 P1M<1:0>: PWM Output Configuration bits

If CCP1M<3:2> =00, 01, 10:

xX = P1A assigned as Capture/Compare input; P1B, P1C, P1D assigned as port pins

If CCP1M<3:2>=11:

00 = Single output; P1A modulated; P1B, P1C, P1D assigned as port pins
01 = Full-bridge output forward; P1D modulated; P1A active; P1B, P1C inactive
10 = Half-bridge output; P1A, P1B modulated with dead band control; P1C, P1D assigned as

port pins

11 = Full-bridge output reverse; P1B modulated; P1C active; P1A, P1D inactive
bit 5-4 DC1B<1:0>: PWM Duty Cycle Least Significant bits

Capture mode:
Unused.

Compare mode:
Unused.
PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRI1L.

bit 3-0 CCP1M<3:0>: ECCP Mode Select bits

0000 = Capture/Compare/PWM off (resets ECCP module)

0001 = Unused (reserved)

0010 = Compare mode, toggle output on match (CCPL1IF bit is set)

0011 = Unused (reserved)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPL1IF bit is set)

1001 = Compare mode, clear output on match (CCPL1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPL1IF bit is set, CCP1 pin

is unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1or TMRZ2,
and starts an A/D conversion, if the A/D module is enabled)

1100 = PWM mode; P1A, P1C active-high; P1B, P1D active-high

1101 = PWM mode; P1A, P1C active-high; P1B, P1D active-low

1110 = PWM mode; P1A, P1C active-low; P1B, P1D active-high

1111 = PWM mode; P1A, P1C active-low; P1B, P1D active-low

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared X = Bit is unknown
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11.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMRL1 register when an event occurs
on pin RC5/CCP1/P1A. An event is defined as one of
the following and is configured by CCP1CON<3:0>:

« Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

When a capture is made, the interrupt request flag bit,
CCP1IF (PIR1<5>), is set. The interrupt flag must be
cleared in software. If another capture occurs before
the value in register CCPR1 is read, the old captured
value is overwritten by the new captured value.

1111 CCP1 PIN CONFIGURATION

In Capture mode, the RC5/CCP1/P1A pin should be
configured as an input by setting the TRISC<5> hit.

Note: If the RC5/CCP1/P1A pin is configured as
an output, a write to the port can cause a
capture condition.

FIGURE 11-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM

Set Flag bit CCP1IF
(PIR1<5>)

Prescaler

RC5/CCP1/P1A

| CCPRIH | CCPRIL |

pin
and | Capture
Edge Detect Enable
J‘( } | TMRIH | TMRIL |
CCP1CON<3:0>

Qs

11.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the ECCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

11.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<5>) clear to avoid false interrupts and
should clear the flag bit CCP1IF (PIR1<5>) following
any such change in operating mode.

11.1.4 ECCP PRESCALER

There are four prescaler settings specified by bits
CCP1M<3:0> (CCP1CON<3:0>). Whenever the ECCP
module is turned off, or the ECCP module is not in
Capture mode, the prescaler counter is cleared. Any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared; therefore, the first capture may be from
a non-zero prescaler. Example 11-1 shows the recom-
mended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

CHANGING BETWEEN
CAPTURE PRESCALERS
CLRF CCP1CON ; Turn ECCP nodul e of f
MOVLW NEW CAPT_PS; Load the Wreg with
;the new prescal er

;move val ue and ECCP ON
;Load CCPICON with this
;val ue

EXAMPLE 11-1:

MOV CCP1CON
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11.2 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 RC5/CCP1/P1A pin
is:

« Driven high

* Driven low

« Remains unchanged

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

bits, CCP1M<3:0> (CCP1CON<3:0>). At the same
time, interrupt flag bit, CCP1IF (PIR1<5>), is set.
FIGURE 11-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCP1CON<3:0>
Mode Select

Set Flag bit CCP1IF
(PIR1<5>)

\/

RC5/CCP1/P1A
pin

Q SH Output

Logic Match
TMR1H | TMR1L

TRISC<5>
Output Enable

Special Event Trigger

Special Event Trigger will:

» clear TMR1H and TMRIL registers

* NOT set interrupt flag bit TMR1F (PIR1<0>)
» set the GO/DONE bit (ADCONO0<1>)

11.2.1 CCP1 PIN CONFIGURATION

The user must configure the RC5/CCP1/P1A pin as an
output by clearing the TRISC<5> hit.

Note:  Clearing the CCP1CON register will force
the RC5/CCP1/P1A compare output latch
to the default low level. This is not the

PORTC I/O data latch.

11.2.2 TIMER1 MODE SELECTION

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

11.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen
(CCP1M<3:0> =1010), the CCP1 pin is not affected.
The CCP1IF (PIR1<5>) bit is set, causing a ECCP
interrupt (if enabled). See Register 11-1.

11.2.4 SPECIAL EVENT TRIGGER

In this mode (CCP1M<3:0>=1011), an internal
hardware trigger is generated, which may be used to
initiate an action. See Register 11-1.

The special event trigger output of ECCP resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl. The special event trigger output also starts an
A/D conversion (if the A/D module is enabled).

Note:  The special event trigger from the ECCP
module will not set interrupt flag bit
TMRL1IF (PIR1<0>).

TABLE 11-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
. . . . . . . Value on Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit1 Bit 0 POR, BOD all other
Resets
0Bh/ |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF [0000 0000|0000 0000
8Bh
0Ch |PIR1 EEIF ADIF CCP1IF C2IF OSFIF | TMR2IF | TMR1IF [0000 0000|0000 0000
OEh |TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
OFh |TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu

10h |T1CON T1GINV | TMR1GE | T1CKPS1 | T1CKPSO

T1O0SCEN | T1SYNC | TMR1CS [TMR1ON|0000 0000 |uuuu uuuu

1Ah |CMCON1 — — — —

— T1GSS [C2SYNC|---- -- 10(---- -- 10

13h [CCPR1L |Capture/Compare/PWM Register 1 Low Byte

XXXX XXXX [uuuu uuuu

14h |CCPR1H |Capture/Compare/PWM Register 1 High Byte

XXXX XXXX [uuuu uuuu

15h |CCP1CON| P1M1 P1MO DC1B1 | DC1BO

CCP1IM3 |CCP1M2|CCP1M1|CCP1MO 0000 0000|0000 0000

87h |TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO |--11 1111|--11 1111
8Ch |PIE1 EEIE ADIE | CCP1IE C2IE OSFIE | TMR2IE | TMR1IE |0000 0000|0000 0000
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Capture,

Compare or Timerl module.
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11.3 Enhanced PWM Mode Figure 11-3 shows a simplified block diagram of PWM

] operation.
The Enhanced CCP module produces up to a 10-bit

resolution PWM output and may have up to four
outputs, depending on the selected operating mode.
These outputs, designated P1A through P1D, are
multiplexed with /O pins on PORTC. The pin
assignments are summarized in Table 11-3.

To configure 1/O pins as PWM outputs, the proper PWM
mode must be selected by setting the P1M<1:0> and
CCP1M<3:0> bits (CCP1CON<7:6> and
CCP1CON<3:0>, respectively). The appropriate
TRISC bits must also be set as outputs.

FIGURE 11-3: SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODULE
Duty Cycle Registers ?1CON<514> P1M<1:0> CCP1M<3:0>
[,2 I?4
| CCPRIL |

CCP1PIA RC5/CCPL/P1A
TRISC<5>
CCPRIH (Slave) |
| !ﬁ"e); P1B ﬂ—& RCA/C20UT/P18B
| R 0 Output TRISC<4>

Comparator Controller

v P1C RC3/AN7/P1C
(6]
| i | | S TRISC<3>
Comparator P1D ﬂ—& RC2/AN6/P1D
Clear Timer2,
* toggle PWM pin and TRISC<2>

7S

latch duty cycle
PWM1CON

Note 1: The 8-bit timer TMR2 register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler to
create the 10-bit time base.

11.3.1 PWM OUTPUT CONFIGURATIONS The general relationship of the outputs in all
The P1M<1:0> bits in the CCP1CON register allows configurations is summarized in Figure 11-3.
one of four configurations: Note:  Clearing the CCP1CON register will force

the PWM output latches to their default
inactive levels. This is not the PORTC 1/O
data latch.

 Single Output

» Half-bridge Output

* Full-bridge Output, Forward mode
 Full-bridge Output, Reverse mode

TABLE 11-3:  PIN ASSIGNMENTS FOR VARIOUS ENHANCED CCP MODES

ECCP Mode Cc():rﬁil:;t(?:t:\i)n RC5 RC4 RC3 RC2
Compatible CCP 00xx11xx CCP1 RC4/C20UT RC3/AN7 RC2/AN6
Dual PWM 10xx11xx P1A P1B RC3/AN7 RC2/AN6
Quad PWM XIXX11xx P1A P1B P1C P1D

Legend: x =Don't care. Shaded cells indicate pin assignments not used by ECCP in a given mode.
Note 1: TRIS register values must be configured appropriately.
2:  With ECCP in Dual or Quad PWM mode, the C20UT output control of PORTC must be disabled.
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11.3.2 PWM PERIOD

A PWM output (Figure 11-4 and Figure 11-5) has atime
base (period) and a time that the output is active (duty
cycle). The PWM period is specified by writing to the
PR2 register. The PWM period can be calculated using
the following formula:

EQUATION 11-1:

PWM period = [(PR2) + 1] « 4 TOSC »
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
« TMR2is cleared
e The appropriate PWM pin toggles. In Dual PWM
mode, this occurs after the dead band delay
expires (exception: if PWM duty cycle = 0%, the
pin will not be set)

e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 7.1
“Timer2 Operation”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than

the PWM output.

11.3.3 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPR1L register and to the DC1B<1:0>
(CCP1CON<5:4>) bhits. Up to 10 bits of resolution is
available. The CCPRL1L contains the eight MShs and
the DC1B<1:0> contains the two LSbs. CCPR1L and
DC1B<1:0> can be written to at any time. In PWM
mode, CCPR1H is a read-only register. This 10-bit
value is represented by CCPR1L (CCP1CON<5:4>).

The following equation is used to calculate the PWM
duty cycle in time:

EQUATION 11-2:

PWM duty cycle = (CCPRIL:CCP1CON<5:4>)
Tosc ¢ (TMR2 prescale value)

When the CCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the appropriate PWM pin is
toggled. In Dual PWM mode, the pin will be toggled
after the dead band time has expired.

The polarity (active-high or active-low) and mode of the
signal are configured by the P1M<1:0>
(CCP1CONK<7:6>) and CCP1M<3:0>
(CCP1CON<3:0>) bits.

The maximum PWM resolution for a given PWM
frequency is given by the formula:

EQUATION 11-3:

o ( Fosc )
9 Fpwh « TMR2 Prescaler

Resolution = 109(2) bits

All control registers are double buffered and are loaded
at the beginning of a new PWM cycle (the period
boundary when Timer2 resets) in order to prevent
glitches on any of the outputs. The exception is the
PWM delay register, which is loaded at either the duty
cycle boundary or the period boundary (whichever
comes first). Because of the buffering, the module
waits until the timer resets, instead of starting immedi-
ately. This means that enhanced PWM waveforms do
not exactly match the standard PWM waveforms, but
are instead offset by one full instruction cycle (4 Tosc).

Note: If the PWM duty cycle value is longer than
the PWM period, the assigned PWM pin(s)

will remain unchanged.

TABLE 11-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc =20 MHz)

PWM Frequency 1.22 kHzW | 4.88 kHz(® | 1953 kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F Ox17
Maximum Resolution (bits) 10 10 10 8 7 6.6

Note 1:

Changing duty cycle will cause a glitch.
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FIGURE 11-4: PWM OUTPUT RELATIONSHIPS (ACTIVE-HIGH STATE)
0 PR2+1
. Duty .
CCP1CON SIGNAL ~ e —> :
<7:6> ' ' \
. | Period ————————#
00 (SINGLE OUTPUT) ~ PIAMODULATED __ | |
Delay® Delay® .

P1A MODULATED __ ——— Bt

10 (Half-bridge) P1B MODULATED ___ . O
P1A ACTIVE : : :
(Full-bridge, P1BINACTIVE  _ . ! :
01 Forward) - ! ' !
PICINACTIVE  ___ . j :
P1D MODULATED __ [ | :
P1AINACTIVE  __ : : :
1,y (Full-bridge, P1B MODULATED — — | | :
Reverse) _ X . :
P1C ACTIVE — ! : .
P1D INACTIVE — ; . :

Relationships:
* Period =4 * Tosc * (PR2 + 1) * (TMR2 prescale value)
¢ Duty Cycle = Tosc * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 prescale value)
* Delay = 4 * Tosc * (PWM1CON<6:0>)
Note 1: Dead band delay is programmed using the PWM1CON register (Section 11.3.6 “Programmable Dead Band Delay”).

FIGURE 11-5: PWM OUTPUT RELATIONSHIPS (ACTIVE-LOW STATE)
0
CCP1CON SIGNAL - Py PR2:+1
<7:6> : Cycle . X
. : Period —DI‘
00 (SINGLE OUTPUT) P1AMODULATED __ | l .
P1A MODULATED ___ . | :
) 'Delay® D:E){/(l) :
10 (Half-bridge) P1B MODULATED __ 1 [
P1A ACTIVE _ !
(Full-bridge, PIBINACTIVE
Forward) . .
P1C INACTIVE '

P1D MODULATED
.

P1A INACTIVE _
11 (Full-bridge, P1B MODULATED ——
Reverse) - !
P1C ACTIVE J— L
P1D INACTIVE J— ! !

Relationships:
« Period = 4 * Tosc * (PR2 + 1) * (TMR2 prescale value)
* Duty Cycle = Tosc * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 prescale value)
* Delay = 4 * Tosc * (PWM1CON<6:0>)

Note 1: Dead band delay is programmed using the PWM1CON register (Section 11.3.6 “Programmable Dead Band Delay”).
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11.3.4

HALF-BRIDGE MODE

In the Half-bridge Output mode, two pins are used as
outputs to drive push-pull loads. The PWM output sig-

Since the P1A and P1B outputs are multiplexed with

nal is output on the RC5/CCP1/P1A pin, while the com-

plementary PWM output signal is output on the
RC4/C20UT/P1B pin (Figure 11-6). This mode can be
half-bridge applications,
Figure 11-7, or for full-bridge applications, where four !
power switches are being modulated with two PWM

used for

signals.

In Half-bridge Output mode, the programmable dead
band delay can be used to prevent shoot-through
current in half-bridge power devices. The value of bits
PDC<6:0> (PWM1CON<6:0>) sets the number of
instruction cycles before the output is driven active. If
the value is greater than the duty cycle, the corre-
sponding output remains inactive during the entire
cycle. See Section 11.3.6 “Programmable Dead
Band Delay” for more details of the dead band delay

operations.

FIGURE 11-7:

as shown

the PORTC<5:4> data latches, the TRISC<5:4> bits
must be cleared to configure P1A and P1B as outputs.

FIGURE 11-6: HALF-BRIDGE PWM
OUTPUT
in Period Period

| DutyCycle | : :

P1A®@ ,—‘ o e N

o I I I

| [ I

- d
P1|3(2): t—': :<-: :
]

I
1)

2:

td = Dead Band Delay

PR2 register.

Output signals are shown as active-high.

Note 1: At thistime, the TMR2 register is equal to the

EXAMPLES OF HALF-BRIDGE APPLICATIONS

V+
Standard Half-bridge Circuit (“ Push-Pull™) T
FET
Driver n
™~ | _
PIAF—1 ~ s -V
PIC16F684
Load
FET
Driver +
™S~ |t —
PiB L It gy V
Half-bridge Output Driving a Full-bridge Circuit V-
V+
FET J FET
Driver Driver
P1A > 4 o
Moad 1
PIC16F684 FET Load FET
Driver Driver
™S ra Y
P1B e 6 |
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11.3.5 FULL-BRIDGE MODE

In Full-bridge Output mode, four pins are used as
outputs; however, only two outputs are active ata time. In
the Forward mode, pin RC5/CCP1/P1A is continuously
active and pin RC2/AN6/P1D is modulated.

In the Reverse mode, RC3/AN7/P1C pin is continuously
active and RC4/C20UT/P1B pin is modulated. These
are illustrated in Figure 11-8.

P1A, P1B, P1C and P1D outputs are multiplexed with
the PORTC<5:2> data latches. The TRISC<5:2> bits
must be cleared to make the P1A, P1B, P1C and P1D
pins output.

FIGURE 11-8: FULL-BRIDGE PWM OUTPUT
FORWARD MODE

! Period | .
L - 1
P1A® | | | !
' Duty Cycle : : :
I I I !
p1B®@ I I I I
[ I T T
I | I |
I | I |
p1c® I I I I
1 T T T
I | I |
I | I |

pO® —__ [ ]
I | I |
. ! @ !

REVERSE MODE

- Period =; \
: Duty Cycle : : :
P1A@ ! ! ! '
] T T '
| I | I
- I

p1B® 4|—‘
| I | I
1 ] 1 |
pic® ____ | I | I
| I | I
| I | I
P1D® : f : !
| I | I
! (l) 1 1(1) 1

Note 1: At this time, the TMR2 register is equal to the PR2 register.
2: Output signal is shown as active-high.
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FIGURE 11-9: EXAMPLE OF FULL-BRIDGE APPLICATION
V+
FET QA ' QC FET
Driver Driver
™S | Y e
P1A L~ 16 <
o ¢——{oad J——
FET FET
PIC16F684 Driver ] Driver
™S ' o
> ha < '7
P1C 0B | oD
V-
P1D )
11.35.1 Direction Change in Full-Bridge Figure 11-11 shows an example where the PWM
Mode direction changes from forward to reverse, at a near
. . 100% duty cycle. At time t1, the output P1A and P1D
In the Full-bridge Output mode, the P1M1 bit . . . .
(CCPICON<7>) allows user fo control the become inactive, while output P1C becomes active. In

Forward/Reverse direction. When the application firm-
ware changes this direction control bit, the module will
assume the new direction on the next PWM cycle.

Just before the end of the current PWM period, the
modulated outputs (P1B and P1D) are placed in their
inactive state, while the unmodulated outputs (P1A and
P1C) are switched to drive in the opposite direction. This
occurs in a time interval of (4 Tosc*(Timer2 Prescale
value)) before the next PWM period begins. The Timer2
prescaler will be either 1, 4 or 16, depending on the
value of the T2CKPS<1:0> bits (T2CON<1:0>). During
the interval from the switch of the unmodulated outputs
to the beginning of the next period, the modulated out-
puts (P1B and P1D) remain inactive. This relationship is
shown in Figure 11-10.

Note that in the Full-bridge Output mode, the ECCP
module does not provide any dead band delay. In
general, since only one output is modulated at all times,
dead band delay is not required. However, there is a
situation where a dead band delay might be required.
This situation occurs when both of the following
conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn off time of the power switch, including
the power device and driver circuit, is greater
than the turn on time.

this example, since the turn off time of the power
devices is longer than the turn on time, a shoot-through
current may flow through power devices QC and QD
(see Figure 11-9) for the duration of ‘t'. The same
phenomenon will occur to power devices QA and QB
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required
for an application, one of the following requirements
must be met:

1. Reduce PWM duty cycle for one PWM period
before changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

© 2004 Microchip Technology Inc.
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FIGURE 11-10:

PWM DIRECTION CHANGE

SIGNAL

P1A (Active-High)

P1B (Active-High)

P1C (Active-High)

-

period) — > «—————  Period —»

P1D (Active-High)

'«— DC —»!

i
l_

Note 1: The direction bit in the ECCP Control register (CCP1CON<7>) is written any time during the PWM cycle.

2: When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle at intervals
of 4 Tosc, 16 Tosc or 64 Tosc, depending on the Timer2 prescaler value. The modulated P1B and P1D signals
are inactive at this time.

FIGURE 11-11:

PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE

Potential

Current

P1A

P1B

P1C

P1D

External Switch C

External Switch D

Shoot-Through

_>'—|<_ T = ToFF - TON

Forward Period t1 Reverse Period
a > < >
. |
: |« DC -l
' |
|- DC =!
—' <—TON
—» e TOFF
T

Note 1:All signals are shown as active-high.

2: ToN is the turn on delay of power switch QC and its driver.
3: ToFF is the turn off delay of power switch QD and its driver.

DS41202C-page 84

Preliminary

© 2004 Microchip Technology Inc.



PIC16F684

11.3.6 PROGRAMMABLE DEAD BAND

DELAY

In half-bridge applications where all power switches are
modulated at the PWM frequency at all times, the
power switches normally require more time to turn off
than to turn on. If both the upper and lower power
switches are switched at the same time (one turned on,
and the other turned off), both switches may be on for
a short period of time until one switch completely turns
off. During this brief interval, a very high current
(shoot-through current) may flow through both power
switches, shorting the bridge supply. To avoid this
potentially destructive shoot-through current from
flowing during switching, turning on either of the power
switches is normally delayed to allow the other switch
to completely turn off.

In the Half-bridge Output mode, a digitally program-
mable dead band delay is available to avoid
shoot-through current from destroying the bridge
power switches. The delay occurs at the signal transi-
tion from the non-active state to the active state. See
Figure 11-6 for illustration. The lower seven bits of the
PWM1CON register (Register 11-2) sets the delay
period in terms of microcontroller instruction cycles
(Tcy or 4 Tosc).

REGISTER 11-2:

11.3.7 ENHANCED PWM

AUTO-SHUTDOWN

When the ECCP is programmed for any of the
enhanced PWM modes, the active output pins may be
configured for auto-shutdown. Auto-shutdown immedi-
ately places the enhanced PWM output pins into a
defined shutdown state when a shutdown event
occurs.

A shutdown event can be caused by either of the two
comparators or the INT pin (or any combination of
these three sources). The comparators may be used to
monitor a voltage input proportional to a current being
monitored in the bridge circuit. If the voltage exceeds a
threshold, the comparator switches state and triggers a
shutdown. Alternatively, a digital signal on the INT pin
can also trigger a shutdown. The auto-shutdown
feature can be disabled by not selecting any
auto-shutdown sources. The auto-shutdown sources to
be used are selected using the ECCPAS<2:0> bhits
(ECCPAS<6:4>).

When a shutdown occurs, the output pins are
asynchronously placed in their shutdown states, spec-
ified by the PSSAC<1:0> and PSSBD<1:.0> bhits
(ECCPAS<3:0>). Each pin pair (P1A/P1C and
P1B/P1D) may be set to drive high, drive low, or be
tri-stated (not driving). The ECCPASE bit
(ECCPAS<T>) is also set to hold the enhanced PWM
outputs in their shutdown states.

The ECCPASE bit is set by hardware when a shutdown
event occurs. If Auto-restarts are not enabled, the
ECCPASE bit is cleared by firmware when the cause of
the shutdown clears. If Auto-restarts are enabled, the
ECCPASE bhit is automatically cleared when the cause
of the auto-shutdown has cleared. See
Section 11.3.7.1 “Auto-shutdown and Auto-restart”
for more information.

PWM1CON — PWM CONFIGURATION REGISTER (ADDRESS: 16h)

RW-0 RW-0 RW-0 RWO RWO RW-O RW-0 RMW-
PRSEN | Ppce | pocs | ppca | ppcs | poc2 | ppbci | ppco
bit 7 bit 0
bit 7 PRSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the ECCPASE bit clears automatically once the shutdown event
goes away; the PWM restarts automatically.
0 = Upon auto-shutdown, ECCPASE must be cleared in software to restart the PWM.

bit 6-0

PDC<6:0>: PWM Delay Count bits

Number of Fosc/4 (4*Tosc) cycles between the scheduled time when a PWM signal should
transition active, and the actual time it transitions active.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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REGISTER 11-3: ECCPAS — ENHANCED CAPTURE/COMPARE/PWM AUTO-SHUTDOWN
CONTROL REGISTER (ADDRESS: 17h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

ECCPASE | ECCPAS2 ‘ ECCPAS1 ‘ ECCPASO| PSSAC1 | PSSACO | PSSBD1 | PSSBDO

bit 7 bit 0

bit 7 ECCPASE: ECCP Auto-shutdown Event Status bit

1 = A shutdown event has occurred; ECCP outputs are in shutdown state
0 = ECCP outputs are operating
bit 6-4 ECCPAS<2:0>: ECCP Auto-shutdown Source Select bits
000 = Auto-shutdown is disabled
001 = Comparator 1 output change
010 = Comparator 2 output change
011 = Either Comparator 1 or 2 change
100 = ViL on INT pin
101 = ViL on INT pin or Comparator 1 change
110 = ViL on INT pin or Comparator 2 change
111 = ViL on INT pin or Comparator 1 or Comparator 2 change

bit 3-2 PSSACnN: Pin A and C Shutdown State Control bits

00 = Drive Pins Aand Cto ‘0’
01 = Drive Pins Aand Cto ‘1’
1x = Pins A and C tri-state

bit 1-0 PSSBDn: Pin B and D Shutdown State Control bits

00 = Drive Pins B and D to ‘0’
01 = Drive PinsBand D to ‘1’
1x = Pins B and D tri-state

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
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11.3.7.1

The auto-shutdown feature can be configured to allow
auto-restarts of the module following a shutdown event.
This is enabled by setting the PRSEN bit of the
PWM1CON register (PWM1CON<7>).

In Shutdown mode with PRSEN = 1 (Figure 11-12), the
ECCPASE bit will remain set for as long as the cause
of the shutdown continues. When the shutdown condi-
tion clears, the ECCPASE bit is cleared. If PRSEN =0
(Figure 11-13), once a shutdown condition occurs, the
ECCPASE bit will remain set until it is cleared by firm-
ware. Once ECCPASE is cleared, the enhanced PWM
will resume at the beginning of the next PWM period.

Writing to the ECCPASE bhit is disabled
while a shutdown condition is active.

Independent of the PRSEN bit setting, whether the
auto-shutdown source is one of the comparators or
INT, the shutdown condition is a level. The ECCPASE
bit cannot be cleared as long as the cause of the shut-
down persists.

Auto-shutdown and Auto-restart

Note:

The Auto-shutdown mode can be forced by writing a ‘1’
to the ECCPASE bit.

11.3.8 START-UP CONSIDERATIONS

When the ECCP module is used in the PWM mode, the
application hardware must use the proper external
pull-up and/or pull-down resistors on the PWM output
pins. When the microcontroller is released from Reset,
all of the I/O pins are in the high-impedance state. The
external circuits must keep the power switch devices in
the off state, until the microcontroller drives the 1/0 pins
with the proper signal levels, or activates the PWM
output(s).

The CCP1M<1:0> bits (CCP1CON<1:0>) allow the
user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (P1A/P1C and P1B/P1D). The PWM output polar-
ities must be selected before the PWM pins are config-
ured as outputs. Changing the polarity configuration
while the PWM pins are configured as outputs is not
recommended since it may result in damage to the
application circuits.

The P1A, P1B, P1C and P1D output latches may not
be in the proper states when the PWM module is initial-
ized. Enabling the PWM pins for output at the same
time as the ECCP module may cause damage to the
application circuit. The ECCP module must be enabled
in the proper Output mode and complete a full PWM
cycle before configuring the PWM pins as outputs. The
completion of a full PWM cycle is indicated by the
TMR2IF bit being set as the second PWM period
begins.

FIGURE 11-12: PWM AUTO-SHUTDOWN (PRSEN = 1, AUTO-RESTART ENABLED)
- PWM Period >
Shutdown Event . :
ECCPASE bit ] l
PWM Activity _ ’_] :
T T<—Normal PWM4>T T T T
Start of Shutdown Shutdown PWM
PWM Period Event Occurs Event Clears Resumes
FIGURE 11-13: PWM AUTO-SHUTDOWN (PRSEN = 0, AUTO-RESTART DISABLED)
- PWM Period >
Shutdown Event : . :
ECCPASE bit | |
PWM Activity ] : :
T T<—Normal PWM—»T T T ECCPASE T
Cleared by
Start of Shutdown Shutdown Firmware PWM
PWM Period Event Occurs Event Clears Resumes
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11.3.9 OPERATION IN SLEEP MODE

In Sleep mode, all clock sources are disabled. Timer2
will not increment, and the state of the module will not
change. If the ECCP pin is driving a value, it will
continue to drive that value. When the device wakes
up, it will continue from this state.

11.3.9.1 OPERATION WITH FAIL-SAFE
CLOCK MONITOR

If the Fail-Safe Clock Monitor is enabled, a clock failure

will force the ECCP to be clocked from the internal

oscillator clock source, which may have a different
clock frequency than the primary clock.

See Section 3.0 “Clock Sources” for additional
details.

11.3.10 EFFECTS OF A RESET

Any Reset will force all ports to Input mode and the
ECCP registers to their Reset states.

This forces the Enhanced CCP module to reset to a
state compatible with the standard CCP module.

11.3.11 SETUP FOR PWM OPERATION

The following steps should be taken when configuring

the ECCP module for PWM operation:

1. Configure the PWM pins P1A and P1B (and
P1C and P1D, if used) as inputs by setting the
corresponding TRISC bits.

2. Setthe PWM period by loading the PR2 register.

3. Configure the ECCP module for the desired
PWM mode and configuration by loading the
CCP1CON register with the appropriate values:
« Select one of the available output

configurations and direction with the
P1M<1:0> bits.

« Select the polarities of the PWM output
signals with the CCP1M<3:0> hits.

4. Setthe PWM duty cycle by loading the CCPR1L
register and CCP1CON<5:4> hits.

5. For Half-bridge Output mode, set the dead band
delay by loading PWM1CON<6:0> with the
appropriate value.

6. If auto-shutdown operation is required, load the
ECCPAS register:

« Select the auto-shutdown sources using the
ECCPAS<2:0> bits.

« Select the shutdown states of the PWM
output pins using PSSAC<1:0> and
PSSBD<1:0> bits.

» Set the ECCPASE bit (ECCPAS<7>).

« Configure the comparators using the
CMCONQO register (Register 8-1).

« Configure the comparator inputs as analog
inputs.

7. If auto-restart operation is required, set the
PRSEN bit (PWM1CON<7>).

8. Configure and start TMR2:

« Clear the TMR2 interrupt flag bit by clearing
the TMR2IF bit (PIR1<1>).

« Set the TMR2 prescale value by loading the
T2CKPS bits (T2CON<1:0>).

« Enable Timer2 by setting the TMR2ON bit
(T2CON<2>).

9. Enable PWM outputs after a new PWM cycle
has started:

« Wait until TMR2 overflows (TMR2IF bit is set).

* Enable the CCP1/P1A, P1B, P1C and/or P1D
pin outputs by clearing the respective TRISC
bits.

« Clear the ECCPASE hit (ECCPAS<7>).
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TABLE 11-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2

. . . . . . . . Value on Value on

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOD all other
Resets
ggﬂl INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 | 0000 0000
0Ch |[PIR1 EEIF ADIF CCP1IF C2IF ClIF OSFIF TMR2IF TMR1IF 0000 0000 | 0000 0000
11h |TMR2 Timer2 Module register 0000 0000 | 0000 0000
12h |T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 |TOUTPSO| TMR20ON | T2CKPS1 | T2CKPSO | - 000 0000 | -000 0000
13h |CCPR1L Capture/Compare/PWM Registerl Low Byte XXXX XXXX | uuuu uuuu
14h |CCPR1H Capture/Compare/PWM Registerl High Byte XXXX XXXX | uuuu uuuu
15h |[CCP1CON Pi1M1 P1MO DC1B1 DC1BO | CCP1M3 | CCP1M2 | CCP1IM1 | CCP1MO | 0000 0000 | 0000 0000
16h PWM1CON | PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 0000 0000 | 0000 0000
17h ECCPAS ECCPASE | ECCPAS2 | ECCPAS1 | ECCPASO | PSSAC1 | PSSACO | PSSBD1 PSSBDO | 0000 0000 | 0000 0000
87h |TRISC — — TRISC5 TRISC4 | TRISC3 | TRISC2 TRISC1 TRISCO | --11 1111 | --11 1111
8Ch |PIE1 EEIE ADIE CCP1IE C2IE ClIE OSFIE TMR2IE TMR1IE | 0000 0000 [ 0000 0000
92h [PR2 Timer2 Module Period register 1111 1111 | 1111 1111
Legend: — =dU|nimpIemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Capture, Compare or Timerl
module.
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NOTES:
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12.0 SPECIAL FEATURES OF THE
CPU

The PIC16F684 has a host of features intended to
maximize system reliability, minimize cost through
elimination of external components, provide power
saving features and offer code protection.

These features are:

* Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Detect (BOD)
 Interrupts
* Watchdog Timer (WDT)
 Oscillator selection
e Sleep
« Code protection
 ID Locations
 In-Circuit Serial Programming

The PIC16F684 has two timers that offer necessary
delays on power-up. One is the Oscillator Start-up
Timer (OST), intended to keep the chip in Reset until
the crystal oscillator is stable. The other is the Power-up
Timer (PWRT), which provides a fixed delay of 64 ms
(nominal) on power-up only, designed to keep the part
in Reset while the power supply stabilizes. There is also
circuitry to reset the device if a brown-out occurs, which
can use the Power-up Timer to provide at least a 64 ms
Reset. With these three functions-on-chip, most
applications need no external Reset circuitry.

The Sleep mode is designed to offer a very low -current
Power-down mode. The user can wake-up from Sleep
through:

» External Reset

* Watchdog Timer Wake-up

e Aninterrupt

Several oscillator options are also made available to
allow the part to fit the application. The INTOSC option
saves system cost while the LP crystal option saves

power. A set of configuration bits are used to select
various options (see Register 12-1).
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12.1 Configuration Bits

Note: Address 2007h is beyond the user program

The configuration bits can be programmed (read as memory space. It belongs to the special

‘0’), or left unprogrammed (read as ‘1’) to select various configuration memory space  (2000h-

device configurations as shown in Register 12-1. 3FFFh), which can be accessed only during

These bits are mapped in program memory location programming. See “PIC12F6XX/16F6XX

2007h. Memory  Programming  Specification”
(DS41204) for more information.

REGISTER 12-1: CONFIG — CONFIGURATION WORD (ADDRESS: 2007h)

| — | — |FcMeEN]| IEso |BODEN1|BODENO| CPD | CP | MCLRE | PWRTE | WDTE |Fosc2 | Fosci | Fosco |
bit 13 bit 0

bit 13-12 Unimplemented: Read as ‘1’
bit 11 FCMEN: Fail-Safe Clock Monitor Enabled bit
1 = Fail-Safe Clock Monitor is enabled
0 = Fail-Safe Clock Monitor is disabled
bit 10 IESO: Internal External Switchover bit
1 = Internal External Switchover mode is enabled
0 = Internal External Switchover mode is disabled

bit 9-8 BODEN<1:0>: Brown-out Detect Selection bits?)
11 = BOD enabled
10 = BOD enabled during operation and disabled in Sleep
01 = BOD controlled by SBODEN bit (PCON<4>)
00 = BOD disabled
bit 7 CPD: Data Code Protection bit®
1 = Data memory code protection is disabled
0 = Data memory code protection is enabled
bit 6 CP: Code Protection bit®
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled
bit 5 MCLRE: RA3/MCLR pin function select it
1 = RA3/MCLR pin function is MCLR
0 = RA3/MCLR pin function is digital input, MCLR internally tied to VDD
bit 4 PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

bit 3 WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled and can be enabled by SWDTEN bit (WDTCON<0>)
bit 2-0 FOSC<2:0>: Oscillator Selection bits
111 = RC oscillator: CLKOUT function on RA4/0OSC2/CLKOUT pin, RC on RA5/0SC1/CLKIN
110 = RCIO oscillator: I/O function on RA4/OSC2/CLKOUT pin, RC on RA5/0SC1/CLKIN
101 = INTOSC oscillator: CLKOUT function on RA4/OSC2/CLKOUT pin, I/O function on RA5/OSC1/CLKIN
100 = INTOSCIO oscillator: 1/O function on RA4/OSC2/CLKOUT pin, I/O function on RA5/OSC1/CLKIN
011 = EC: I/O function on RA4/0SC2/CLKOUT pin, CLKIN on RA5/0SC1/CLKIN
010 = HS oscillator: High-speed crystal/resonator on RA4/0SC2/CLKOUT and RA5/0SC1/CLKIN
001 = XT oscillator: Crystal/resonator on RA4/0OSC2/CLKOUT and RA5/0SC1/CLKIN
000 = LP oscillator: Low-power crystal on RA4/0SC2/CLKOUT and RA5/0SC1/CLKIN

Note 1: Enabling Brown-out Detect does not automatically enable Power-up Timer.
2: The entire data EEPROM will be erased when the code protection is turned off.
3: The entire program memory will be erased when the code protection is turned off.
4: When MCLR is asserted in INTOSC or RC mode, the internal clock oscillator is disabled.

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

The Brown-out Detect (BOD), Power-on Reset (POR)
and 8 MHz internal oscillator (HFINTOSC) are factory
calibrated. These calibration values are stored in the
Calibration Word register, as shown in Register 12-2
and are mapped in program memory location 2008h.

The Calibration Word register is not erased when the
device is erased when using the procedure described
in the “PIC12F6XX/16F6XX Memory Programming
Specification” (DS41204). Therefore, it is not
necessary to store and reprogram these values when
the device is erased.

REGISTER 12-2:

Note:

Address 2008h is beyond the user program
memory space. It belongs to the special
configuration memory space (2000h-
3FFFh), which can be accessed only during
programming. See “PIC12F6XX/16F6XX
Memory Programming  Specification”
(DS41204) for more information.

CALIB — CALIBRATION WORD (ADDRESS: 2008h)

| — |FcaLe|FcAL5|FcAL4| FCALS | FCAL2 [FCAL1[FCALO| — [POR1| PORO | BoD2 | BOD1 | BODO |
bit 13 bit 0
bit 13 Unimplemented: Read as ‘0’
bit 12-6 FCAL<6:0>: Internal Oscillator Calibration bits
0111111 = Maximum frequency
0000001
0000000 = Center frequency
1111111
1000000 = Minimum frequency
bit 5 Unimplemented: Read as ‘0’
bit 4-3 POR<1:0>: POR Calibration bits
00 = Lowest POR voltage
11 = Highest POR voltage
bit 2-0 BOD<2:0>: BOD Calibration bits

000 = Reserved
001 = Lowest BOD voltage
111 = Highest BOD voltage

Legend:
R = Readable

-n = Value at POR ‘1’ = Bit is set

W = Writable bit

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

X = Bit is unknown
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12.3 Reset

The PIC16F684 differentiates between various kinds of
Reset:

a) Power-on Reset (POR)

b) WDT Reset during normal operation

c¢) WDT Reset during Sleep

d) MCLR Reset during normal operation

e) MCLR Reset during Sleep

f)  Brown-out Detect (BOD)

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on:

e Power-on Reset

« MCLR Reset

« MCLR Reset during Sleep

« WDT Reset

« Brown-out Detect (BOD)

They are not affected by a WDT wake-up since this is
viewed as the resumption of normal operation. TO and
PD bits are set or cleared differently in different Reset
situations, as indicated in Table 12-2. These bits are
used in software to determine the nature of the Reset.
See Table 12-4 for a full description of Reset states of
all registers.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 12-1.

The MCLR Reset path has a noise filter to detect and
ignore small pulses. See Section 15.0 “Electrical
Specifications” for pulse-width specifications.

FIGURE 12-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
7
MCLR/VPP pin

SLEEP

WDT WDT

Module [ Time-out

Reset

N VDD Rise

Power-on Reset

Detect
VDD
Brown-out(?)
Detect BODEN
SBODEN

OST/PWRT
OST

CLKI pin

Chip_Reset
R Q —»

10-bit Ripple Counter @
OSC1/

PWRT
LFINTOSC~I> 11-bit Ripple Counter |7

Enable PWRT

Enable OST

Note 1: Refer to the Configuration Word register (Register 12-1).
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12.3.1 POWER-ON RESET

The on-chip POR circuit holds the chip in Reset until
VDD has reached a high enough level for proper
operation. To take advantage of the POR, simply
connect the MCLR pin through a resistor to VDD. This
will eliminate external RC components usually needed
to create Power-on Reset. A maximum rise time for
VDD is required. See Section 15.0 “Electrical Specifi-
cations” for details. If the BOD is enabled, the maxi-
mum rise time specification does not apply. The BOD
circuitry will keep the device in Reset until VDD reaches
VBoD (see Section 12.3.5 “Brown-Out Detect
(BOD)").

Note: The POR circuit does not produce an
internal Reset when VDD declines. To
re-enable the POR, VDD must reach Vss

for a minimum of 100 ps.

When the device starts normal operation (exits the
Reset condition), device operating parameters (i.e.,
voltage, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting” (DS00607).

12.3.2 MCLR

PIC16F684 has a noise filter in the MCLR Reset path.
The filter will detect and ignore small pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

The behavior of the ESD protection on the MCLR pin
has been altered from early devices of this family.
Voltages applied to the pin that exceed its specification
can result in both MCLR Resets and excessive current
beyond the device specification during the ESD event.
For this reason, Microchip recommends that the MCLR
pin no longer be tied directly to VbD. The use of an RC
network, as shown in Figure 12-2, is suggested.

An internal MCLR option is enabled by clearing the
MCLRE bit in the Configuration Word register. When
cleared, MCLR is internally tied to VDD and an internal
weak pull-up is enabled for the MCLR pin. In-Circuit
Serial Programming is not affected by selecting the
internal MCLR option.

FIGURE 12-2: RECOMMENDED MCLR
CIRCUIT
VDD
PIC16F684
R1
1 kQ (or greater)
MCLR

0.1 pF
(optional, not critical)

12.3.3 POWER-ON RESET (POR)

The on-chip POR circuit holds the chip in Reset until
VDD has reached a high enough level for proper
operation. To take advantage of the POR, simply
connect the MCLR pin through a resistor to VDD. This
will eliminate external RC components usually needed
to create Power-on Reset. A maximum rise time for
VDD is required. See Section 15.0 “Electrical Specifi-
cations” for details. If the BOD is enabled, the maxi-
mum rise time specification does not apply. The BOD
circuitry will keep the device in Reset until VDD reaches
VBOD (see Section 12.3.5 “Brown-Out Detect
(BOD)").

Note: The POR circuit does not produce an
internal Reset when VDD declines. To
re-enable the POR, VDD must reach Vss

for a minimum of 100 ps.

When the device starts normal operation (exits the
Reset condition), device operating parameters (i.e.,
voltage, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting” (DS00607).

© 2004 Microchip Technology Inc.

Preliminary

DS41202C-page 95



PIC16F684

12.3.4 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 64 ms (nominal)
time-out on power-up only, from POR or Brown-out
Detect. The Power-up Timer operates from the 31 kHz
LFINTOSC oscillator. For more information, see
Section 3.4 “Internal Clock Modes”. The chip is kept
in Reset as long as PWRT is active. The PWRT delay
allows the VDD to rise to an acceptable level. A config-
uration bit, PWRTE, can disable (if set) or enable (if
cleared or programmed) the Power-up Timer. The
Power-up Timer should be enabled when Brown-out
Detect is enabled, although it is not required.

The Power-up Timer delay will vary from chip-to-chip
and vary due to:

* VDD variation
« Temperature variation
* Process variation

See DC parameters for details (Section 15.0
“Electrical Specifications”).

12.3.5 BROWN-OUT DETECT (BOD)

The BODENO and BODENL1 bits in the Configuration
Word register select one of four BOD modes. Two
modes have been added to allow software or hardware
control of the BOD enable. When BODEN<1:0> =01,
the SBODEN bit (PCON<4>) enables/disables the
BOD allowing it to be controlled in software. By select-
ing BODEN<1:0>, the BOD is automatically disabled in
Sleep to conserve power and enabled on wake-up. In
this mode, the SBODEN bit is disabled. See
Register 12-1 for the configuration word definition.

If VDD falls below VBoD for greater than parameter
(TBoOD) (see Section 15.0 “Electrical Specifica-
tions”), the Brown-out situation will reset the device.
This will occur regardless of VDD slew rate. A Reset is
not insured to occur if VDD falls below VBoD for less
than parameter (TBOD).

On any Reset (Power-on, Brown-out Detect, Watchdog
timer, etc.), the chip will remain in Reset until VDD rises
above VBoD (see Figure 12-3). The Power-up Timer
will now be invoked, if enabled and will keep the chip in
Reset an additional 64 ms.

Note:  The Power-up Timer is enabled by the
PWRTE bit in the Configuration Word
register.

If VDD drops below VBoD while the Power-up Timer is
running, the chip will go back into a Brown-out Detect
and the Power-up Timer will be re-initialized. Once VDD
rises above VBOD, the Power-up Timer will execute a
64 ms Reset.

12.3.6 BOD CALIBRATION

The PIC16F684 stores the BOD calibration values in
fuses located in the Calibration Word register (2008h).
The Calibration Word register is not erased when using
the specified bulk erase sequence in the “PIC12F6XX/
16F6XX  Memory Programming  Specification”
(DS41204) and thus, does not require reprogramming.

Note: Address 2008h is beyond the user program
memory space. It belongs to the special
configuration memory space (2000h-
3FFFh), which can be accessed only during
programming. See “PIC12F6XX/16F6XX
Memory Programming Specification”
(DS41204) for more information.

FIGURE 12-3: BROWN-OUT SITUATIONS
VDD
-—————————————\—f ————————————————— VBOD
| I
Internal 7
Reset 64 ms®
VDD
-____________W _____________ VBOD
. :
Internal [ <eamse——
Reset 64 ms®
VDD
_____ \—__———_______][______________ VBOD
) :
Internal L
Reset ' 64ms)
Note 1: 64 ms delay only if PWRTE bit is programmed to ‘0.
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12.3.7 TIME-OUT SEQUENCE

On power-up, the time-out sequence is as follows: first,
PWRT time-out is invoked after POR has expired, then
OST is activated after the PWRT time-out has expired.
The total time-out will vary based on oscillator configu-
ration and PWRTE bit status. For example, in EC mode
with PWRTE bit erased (PWRT disabled), there will be
no time-out at all. Figure 12-4, Figure 12-5 and
Figure 12-6 depict time-out sequences. The device can
execute code from the INTOSC while OST is active by
enabling Two-Speed Start-up or Fail-Safe Monitor (see
Section 3.6.2 “Two-Speed Start-up Sequence” and
Section 3.7 “Fail-Safe Clock Monitor”).

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then,
bringing MCLR high will begin execution immediately
(see Figure 12-5). This is useful for testing purposes or
to synchronize more than one PIC16F684 device
operating in parallel.

Table 12-5 shows the Reset conditions for some
special registers, while Table 12-4 shows the Reset
conditions for all the registers.

12.3.8 POWER CONTROL (PCON)

REGISTER

The Power Control register PCON (address 8Eh) has
two status bits to indicate what type of Reset that last
occurred.

Bit 0 is BOD (Brown-out). BOD is unknown on Power-
on Reset. It must then be set by the user and checked
on subsequent Resets to see if BOD = 0, indicating that
a Brown-out has occurred. The BOD Status bit is a
“don’t care” and is not necessarily predictable if the
brown-out circuit is disabled (BODEN<1:0> =00 in the
Configuration Word register).

Bit 1 is POR (Power-on Reset). It is a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘L’ to this bit following a Power-on Reset. On a
subsequent Reset, if POR is ‘0, it will indicate that a
Power-on Reset has occurred (i.e., VDD may have
gone too low).

For more information, see Section 4.2.3 “Ultra Low-
Power Wake-up” and Section 12.3.5 “Brown-Out
Detect (BOD)".

TABLE 12-1: TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration - Power-up— —Brown-out Det;ct Wakgup from
PWRTE = 0 PWRTE = 1 PWRTE = 0 PWRTE = 1 eep
XT, HS, LP TPWRT + 1024 » 1024 « Tosc | TPWRT + 1024 » 1024 « Tosc 1024 « Tosc
Tosc Tosc
RC, EC, INTOSC TPWRT — TPWRT — —
TABLE 12-2: STATUS/PCON BITS AND THEIR SIGNIFICANCE
POR BOD TO PD Condition
0 u 1 1 Power-on Reset
1 0 1 1 Brown-out Detect
u u 0 u WDT Reset
u u 0 0 WDT Wake-up
u u u u MCLR Reset during normal operation
u u 1 0 MCLR Reset during Sleep
Legend: u =unchanged, x = unknown
TABLE 12-3: SUMMARY OF REGISTERS ASSOCIATED WITH BROWN-OUT
. . . . . . . . Value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOD Slelsczttr;‘((elr)
03h STATUS| IRP RP1 RPO T0 PD z DC C 0001 1xxx | 000g quuu
8Eh PCON — — ULPWUE | SBODEN — — POR BOD --01 --qq | --Ou --uu
Legend: u =unchanged, x = unknown, — = unimplemented bit, reads as ‘0’, g = value depends on condition. Shaded cells are

Note 1:

not used by BOD.
Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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FIGURE 12-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —/
MCLR —
Internal POR |_|

PWRT Time-out

OST Time-out

Internal Reset

TPWRT:

e—ToST—>

FIGURE 12-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2
VDD —/ :
MCLR —
Internal POR H :

PWRT Time-out

OST Time-out

Internal Reset

TPWRT

r<—TosT—= '

FIGURE 12-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD)
VDD —/
MCLR v
Internal POR H

PWRT Time-out

OST Time-out

Internal Reset

TPWRT X
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TABLE 12-4: INITIALIZATION CONDITION FOR REGISTER
. Power-on MCLR Reset weke-up flrr?tne]rrstif)?p throuen
Register Address Reset Brov\\::/wl?c;ru?gzztact(l) Wake-up from Sleep through
WDT Time-out
w — XXXX XXXX uuuu uuuu uuuu uuuu
INDF 00h/80h XXXX XXXX XXXX XXXX uuuu uuuu
TMRO 01h XXXX XXXX uuuu uuuu uuuu uuuu
PCL 02h/82h | 0000 0000 0000 0000 PC +10G
STATUS 03h/83h 0001 1xxX 000q quuu® uuug quuu®
FSR 04h/84h XXXX  XXXX uuuu uuuu uuuu uuuu
PORTA 05h --xx xx00 --00 0000 --uu uuuu
PORTC 07h --xx xx00 --00 0000 --uu uuuu
PCLATH 0Ah/8Ah ---0 0000 ---0 0000 ---Uu uuuu
INTCON 0Bh/8Bh 0000 0000 0000 0000 uuuu uuuu®@
PIR1 0Ch 0000 0000 0000 0000 uuuu uuuu®
TMR1L OEh XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H OFh XXXX  XXXX uuuu uuuu uuuu uuuu
T1CON 10h 0000 0000 uuuu uuuu - uuu uuuu
TMR2 11h 0000 0000 0000 0000 uuuu uuuu
T2CON 12h - 000 0000 -000 0000 - uuu uuuu
CCPRI1L 13h XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 14h XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 15h 0000 0000 0000 0000 uuuu uuuu
PWM1CON 16h 0000 0000 0000 0000 uuuu uuuu
ECCPAS 17h 0000 0000 0000 0000 uuuu uuuu
WDTCON 18h ---0 1000 ---0 1000 ---Uu uuuu
CMCONO 19h 0000 0000 0000 0000 uuuu uuuu
CMCON1 1Ah ---- --10 ---- --10 ---- --uu
ADRESH 1Eh XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 1Fh 00-0 0000 00- 0 0000 uu-u uuuu
OPTION_REG 81h 1111 1111 1111 1111 uuuu uuuu
TRISA 85h --11 1111 --11 1111 --uu uuuu
TRISC 87h --11 1111 --11 1111 --uu uuuu
PIE1 8Ch 0000 0000 0000 0000 uuuu uuuu
PCON 8Eh --01 --0x --0u --uu®9 --uu --uu
OSCCON 8Fh -110 x000 -110 x000 - uuu uuuu
OSCTUNE 90h ---0 0000 ---Uu uuuu ---Uu uuuu
ANSEL 91h 1111 1111 1111 1111 uuuu uuuu
PR2 92h 1111 1111 1111 1111 1111 1111
Legend: u =unchanged, x = unknown, — = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2. One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

3:  When the wake-up is due to an interrupt and the GIE hit is set, the PC is loaded with the interrupt
vector (0004h).

4: See Table 12-5 for Reset value for specific condition.
5. If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.
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TABLE 12-4:  INITIALIZATION CONDITION FOR REGISTER (CONTINUED)
. Power-on MCLR Rese.t weke-up flrstrerSJf)?p throuan
Register Address Reset Wg:-osv?]s-stugcljoerlggt%gd) Wake-up from Sleep through
WDT Time-out (Continued)
WPUA 95h --11 -111 --11 -1112 uuuu uuuu
IOCA 96h --00 0000 --00 0000 --uu uuuu
VRCON 99h 0-0- 0000 0-0- 0000 u-u- uuuu
EEDAT 9Ah 0000 0000 0000 0000 uuuu uuuu
EEADR 9Bh 0000 0000 0000 0000 uuuu uuuu
EECON1 9Ch ---- x000 ---- 000 ---- uuuu
EECON2 9Dh
ADRESL 9Eh XXXX XXXX uuuu uuuu uuuu uuuu
ADCON1 9Fh -000 ---- -000 ---- -uuu - ---
Legend: u =unchanged, x = unknown, — = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2. One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).
3. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt

vector (0004h).

4: See Table 12-5 for Reset value for specific condition.
5. If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.

TABLE 12-5: INITIALIZATION CONDITION FOR SPECIAL REGISTERS
Condlition Counter Register Regiater
Power-on Reset 000h 0001 1xxx --01 --0x
MCLR Reset during normal operation 000h 000u uuuu --0u --uu
MCLR Reset during Sleep 000h 0001 Ouuu --0u --uu
WDT Reset 000h 0000 uuuu --0u --uu
WDT Wake-up PC+1 uuu0 Ouuu --uu --uu
Brown-out Detect 000h 0001 1uuu --01 --10
Interrupt Wake-up from Sleep pcC +1® uuul Ouuu --uu --uu
Legend: u =unchanged, x =unknown, — = unimplemented bit, reads as ‘0’.
Note 1. When the wake-up is due to an interrupt and Global Interrupt Enable bit, GIE, is set, the PC is loaded with

the interrupt vector (0004h) after execution of PC + 1.
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12.4 Interrupts

The PIC16F684 has 11 sources of interrupt:

« External Interrupt RA2/INT

* TMRO Overflow Interrupt

* PORTA Change Interrupts

¢ 2 Comparator Interrupts

e A/D Interrupt

e Timerl Overflow Interrupt

e Timer2 Match Interrupt

« EEPROM Data Write Interrupt

 Fail-Safe Clock Monitor Interrupt

* Enhanced CCP Interrupt

The Interrupt Control register INTCON) and Peripheral
Interrupt Request Register 1 (PIR1) record individual

interrupt requests in flag bits. The INTCON register
also has individual and global interrupt enable bits.

A Global Interrupt Enable bit, GIE (INTCON<7>),
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in the
INTCON register and PIE1 register. GIE is cleared on
Reset.

The Return from Interrupt instruction, RETFI E, exits
the interrupt routine, as well as sets the GIE bit,
which re-enables unmasked interrupts.

The following interrupt flags are contained in the
INTCON register:

e INT Pin Interrupt

* PORTA Change Interrupt

¢ TMRO Overflow Interrupt

The peripheral interrupt flags are contained in the

special register, PIR1. The corresponding interrupt
enable bit is contained in special register, PIEL.

The following interrupt flags are contained in the PIR1
register:

« EEPROM Data Write Interrupt

e A/D Interrupt

¢ 2 Comparator Interrupts

e Timerl Overflow Interrupt

» Timer2 Match Interrupt

 Fail-Safe Clock Monitor Interrupt

« Enhanced CCP Interrupt

When an interrupt is serviced:

* The GIE is cleared to disable any further interrupt.
e The return address is pushed onto the stack.
* The PC is loaded with 0004h.

For external interrupt events, such as the INT pin or
PORTA change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends upon when the interrupt event occurs (see
Figure 12-8). The latency is the same for one or two-
cycle instructions. 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 multiple interrupt
requests.

Note 1: Individual interrupt flag bits are set,
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The interrupts, which were
ignored, are still pending to be serviced
when the GIE bit is set again.

For additional information on Timerl, Timer2,
comparators, A/D, data EEPROM or Enhanced CCP
modules, refer to the respective peripheral section.

1241 RA2/INT INTERRUPT

External interrupt on RA2/INT pin is edge-triggered;
either rising if the INTEDG bit (Option<6>) is set, or
falling, if the INTEDG bhit is clear. When a valid edge
appears on the RA2/INT pin, the INTF bit
(INTCON<1>) is set. This interrupt can be disabled by
clearing the INTE control bit INTCON<4>). The INTF
bit must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The RA2/INT
interrupt can wake-up the processor from Sleep, if the
INTE bit was set prior to going into Sleep. The status of
the GIE bit decides whether or not the processor
branches to the interrupt vector following wake-up
(0004h). See Section 12.7 “Power-Down Mode
(Sleep)” for details on Sleep and Figure 12-10 for
timing of wake-up from Sleep through RA2/INT
interrupt.

Note: The ANSEL (91h) and CMCONO (19h)
registers must be initialized to configure
an analog channel as a digital input. Pins

configured as analog inputs will read ‘0’.

© 2004 Microchip Technology Inc.

Preliminary

DS41202C-page 101



PIC16F684

12.4.2 TMRO INTERRUPT

An overflow (FFh - 00h) in the TMRO register will set
the TOIF (INTCON<2>) bit. The interrupt can be
enabled/disabled by setting/clearing TOIE
(INTCON<5>) bit. See Section 5.0 “Timer0 Module”
for operation of the TimerO module.

FIGURE 12-7: INTERRUPT LOGIC

12.4.3 PORTA INTERRUPT

An input change on PORTA change sets the RAIF
(INTCON<0>) bit. The interrupt can be enabled/
disabled by setting/clearing the RAIE (INTCON<3>)
bit. Plus, individual pins can be configured through the
IOCA register.

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RAIF
interrupt flag may not get set.

I0C-RAO
I0CAO0

I0C-RA1
I0CA1

I0C-RA2
I0CA2

I0C-RA3
I0CA3

I0C-RA4
I0CA4

I0C-RA5
I0CA5

TMR2IF
TMR2IE

TMR1IF
TMRL1IE

C1IF

ClIE

C2IF
C2IE

ADIF
ADIE

EEIF
EEIE

OSFIF
OSFIE

CCP1IF
CCP1IE

(LY

GIE

Wake-up (If in Sleep mode)

Interrupt to CPU
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FIGURE 12-8: INT PIN INTERRUPT TIMING
Q1] Q2| Q3] Q4+ Q1] Q2] Q3] Q4+ Q1] Q2| Q3| Q4+ Q1] Q2| Q3| Q4: Q1] Q2| Q3] Q4
osc1 j ' :
cLkout® . T . . . :
L @. : : : :
INT pi SR W - : : : :
T Q o | | | |
INTF flag L@ (5) " Interrupt Latency @ ' '
(INTCON<1>) | : — ; : : :
GIEDI E E L E E
(INTCON<7>) , . . . : s
INSTRUCTION FLOW
PC ( PC X PC+1 PC+1 X 0004h X 0005h
Instruction [ . : : : : :
Fetched { : Inst (PC) : Inst (PC + 1) : — : Inst (0004h) : Inst (0005h) -
:En;&uuctgc&n{ . Inst(PC-1) |  Inst(PC) Dummy Cycle Dummy Cycle Inst (0004h)

Note 1: INTF flag is sampled here (every Q1).

2:  Asynchronous interrupt latency = 3-4 Tcy. Synchronous latency = 3 Tcy, where Tcy = instruction cycle time. Latency
is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

CLKOUT is available only in INTOSC and RC Oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 15.0 “Electrical Specifications”.
INTF is enabled to be set any time during the Q4-Q1 cycles.

TABLE 12-6: SUMMARY OF INTERRUPT REGISTERS
value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOD algeost:tzr

0Bh, 8Bh | INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF | 0000 0000 | 0000 0000

0Ch PIR1 EEIF ADIF | CCP1IF| C2IF C1IF OSFIF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 EEIE ADIE | CCPl1lIE| C2IE ClIE OSFIE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
Legend: x =unknown, u = unchanged, — = unimplemented read as ‘0’, g = value depends upon condition.

Shaded cells are not used by the interrupt module.
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12.5 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers during an interrupt (e.g., W and Status
registers). This must be implemented in software.

Since the lower 16 bytes of all banks are common in the
PIC16F684 (see Figure 2-2), temporary holding
registers, W_TEMP and STATUS_TEMP, should be
placed in here. These 16 locations do not require
banking and therefore, make it easier to context save
and restore. The same code shown in Example 12-1
can be used to:

« Store the W register

« Store the Status register

« Execute the ISR code

* Restore the Status (and Bank Select Bit register)

« Restore the W register

Note:  The PIC16F684 normally does not require
saving the PCLATH. However, if
computed GOTGCs are used in the ISR and
the main code, the PCLATH must be
saved and restored in the ISR.

EXAMPLE 12-1: SAVING STATUS AND W REGISTERS IN RAM

MOWF W TEMP ; Copy Wto TEMP register
SWAPF  STATUS, W ; Swap status to be saved into W
CLRF STATUS ;bank 0, regardl ess of current bank, Clears |IRP, RP1, RPO
MOWWF  STATUS_TEMP ; Save status to bank zero STATUS_TEMP regi ster
(I SR) ;lnsert user code here
SWAPF  STATUS TEMP, W ; Swap STATUS TEMP register into W
; (sets bank to original state)
MOWWF  STATUS ; Move Winto Status register
SWAPF W TEMP, F ; Swap W TEMP
SWAPF W TEMP, W ; Swap WTEMP into W
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12.6 Watchdog Timer (WDT)

For PIC16F684, the WDT has been modified from
previous PIC16 devices. The new WDT is code and
functionally compatible with previous PIC16 WDT
modules and adds a 16-hit prescaler to the WDT. This
allows the user to have a scaler value for the WDT and
TMRO at the same time. In addition, the WDT time-out
value can be extended to 268 seconds. WDT is cleared
under certain conditions described in Table 12-7.

12.6.1 WDT OSCILLATOR

The WDT derives its time base from the 31 kHz
LFINTOSC. The LTS bit does not reflect that the
LFINTOSC is enabled.

The value of WDTCON is ‘---0 1000’ on all Resets.
This gives a nominal time base of 16 ms, which is
compatible with the time base generated with previous
PIC16 microcontroller versions.

Note:  When the Oscillator Start-up Timer (OST)
is invoked, the WDT is held in Reset,
because the WDT Ripple Counter is used
by the OST to perform the oscillator delay
count. When the OST count has expired,
the WDT will begin counting (if enabled).

A new prescaler has been added to the path between
the INTRC and the multiplexers used to select the path
for the WDT. This prescaler is 16 bits and can be
programmed to divide the INTRC by 32 to 65536,
giving the WDT a nominal range of 1 ms to 268s.

12.6.2 WDT CONTROL

The WDTE bit is located in the Configuration Word
register. When set, the WDT runs continuously.

When the WDTE bit in the Configuration Word register
is set, the SWDTEN bit (WDTCON<0>) has no effect.
If WDTE is clear, then the SWDTEN bit can be used to
enable and disable the WDT. Setting the bit will enable
it and clearing the bit will disable it.

The PSA and PS<2:0> hits (OPTION_REG) have the
same function as in previous versions of the PIC16
Family of microcontrollers. See Section 5.0 “Timer0
Module” for more information.

LFINTOSC Clock j_

WDTE from the Configuration Word Register ¢
SWDTEN from WDTCON

Note 1: Thisis the shared TimerO/WDT prescaler. See Section 5.4 “Prescaler” for more information.

FIGURE 12-9: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source _0>
Prescaler(®
—| 16-bit WDT Prescaler I—q 1
8
PSA \_______/— ps<20>
31 Kz WDTPS<3:0> . B TOTMRO

0 1

PSA

WDT Time-out

TABLE 12-7: WDT STATUS

Conditions

WDT

WDTE =0

CLRWDT Command

Cleared

Oscillator Fail Detected

Exit Sleep + System Clock = TLOSC, EXTRC, INTRC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST

© 2004 Microchip Technology Inc.
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REGISTER 12-3: WDTCON - WATCHDOG TIMER CONTROL REGISTER (ADDRESS: 18h)

U-0 U-0 U-0 RW-0  RMW-1  RW-O RMW-O0  RW-0
— — — | wDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN
bit 7 bit 0
bit 7-5 Unimplemented: Read as ‘0’

bit 4-1 WDTPS<3:0>: Watchdog Timer Period Select bits
Bit Value = Prescale Rate

0000 = 1:32
0001 = 1:64
0010 = 1:128
0011 = 1:256
0100 = 1:512 (Reset value)
0101 = 1:1024
0110 = 1:2048
0111 = 1:4096
1000 = 1:8192
1001 = 1:16384
1010 = 1:32768

1011 = 1:65536
1100 = reserved
1101 = reserved
1110 = reserved
1111 = reserved

bit 0 SWDTEN: Software Enable or Disable the Watchdog Timer®
1 =WDT is turned on
0 = WDT is turned off (Reset value)
Note 1. If WDTE configuration bit = 1, then WDT is always enabled, irrespective of this

control bit. If WDTE configuration bit = 0, then it is possible to turn WDT on/off with
this control bit.

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

TABLE 12-8: SUMMARY OF WATCHDOG TIMER REGISTERS

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
18h WDTCON — — — WDTPS3| WDTPS2 |WSTPS1|WDTPSO |SWDTEN
81h OPTION_REG RAPU | INTEDG TOCS TOSE PSA PS2 PS1 PSO
2007h® |CONFIG CPD CP MCLRE | PWRTE | WDTE FOSC2 | FOSC1 | FOSCO

Legend: Shaded cells are not used by the Watchdog Timer.
Note 1. See Register 12-1 for operation of all Configuration Word register bits.
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12.7 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 bit in the Status register is cleared.
« TO bit is 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 /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 Vbb
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.

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

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 is
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 interrupt
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 correspond-
ing interrupt flag bits set, the device will
immediately wake-up from Sleep. The
SLEEP instruction is completely executed.

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

12.71 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 (f 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
execution. 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.
2. ECCP Capture mode interrupt.

Special event trigger (Timerl in Asynchronous
mode using an external clock).

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

External Interrupt from INT pin.

w

© N o oA

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

12.7.2 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
execution of a SLEEP instruction, the device will
immediately 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.

© 2004 Microchip Technology Inc.
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FIGURE 12-10: WAKE-UP FROM SLEEP THROUGH INTERRUPT
1 Q11Q2] Q3] Q4,Q11Q2|Q3] Q4 Q1] : 1 Q11021 Q31 Q4; Q11Q21 Q31 Q4; Q11 Q21 Q31 Q4; Q1IQ2Q3 1 Q4,
OSCl 1 1 1 : 1 1 1 1
CLKOUT® / \ / \  TosT® | / \ / A / \ / :
INT pin’ : : I : : : :
INTFflag . l : \: : , , ;
(INTCON<1>) /"_ i Interrupt Latency® . . .
GlE blt 1 1 1 ‘I 1 1 1 1 1
(INTCON<75)’ : 1 Processor ih ! ! \ : : !
| | . Sleep . ' ' ' |
Instruction Flow | : . : : : . . :
PC X PC X PC+1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h ]
Instruction I+ jnst(pc) = Sleep!  Inst(PC + 1) ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h)
Exsgéjucttzie%n : Inst(PC — 1) : Sleep : : Inst(PC + 1) : Dummy Cycle : Dummy Cycle; Inst(0004h) :

Note 1: XT, HS or LP Oscillator mode assumed.

2: TosT = 1024 Tosc (drawing not to scale). This delay does not apply to EC and RC Oscillator modes.
3:  GIE ='1" assumed. In this case after wake-up, the processor jumps to 0004h. If GIE = ‘0", execution will continue in-line.
4: CLKOUT is not available in XT, HS, LP or EC oscillator modes, but shown here for timing reference.

12.8

If the code protection bit(s) have not been
programmed, the on-chip program memory can be
read out using ICSP™ for verification purposes.

The entire data EEPROM and Flash
program memory will be erased when the
code protection is turned off. See the
“PIC12F6XX/16F6XX Memory Program-
ming Specification” (DS41204) for more
information.

Code Protection

Note:

12.9

Four memory locations (2000h-2003h) are designated
as ID locations where the user can store checksum or
other code identification numbers. These locations are
not accessible during normal execution but are
readable and writable during Program/Verify mode.
Only the Least Significant 7 bits of the ID locations are
used.

ID Locations

12.10 In-Circuit Serial Programming

The PIC16F684 microcontrollers can be serially
programmed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for:

e power

e ground

e programming voltage

This allows customers to manufacture boards with
unprogrammed devices and then program the micro-
controller just before shipping the product. This also
allows the most recent firmware or a custom firmware
to be programmed.

The device is placed into a Program/Verify mode by
holding the RAO and RAL1 pins low, while raising the
MCLR (VPP) pin from VIL to VIHH. See the “PIC12F6XX/
16F6XX  Memory  Programming  Specification”
(DS41204) for more information. RAO becomes the
programming data and RA1 becomes the programming
clock. Both RAO and RA1 are Schmitt Trigger inputs in
this mode.

After Reset, to place the device into Program/Verify
mode, the Program Counter (PC) is at location 00h. A
6-bit command is then supplied to the device.
Depending on the command, 14 bits of program data
are then supplied to or from the device, depending on
whether the command was a load or a read. For
complete details of serial programming, please refer to
the “PIC12F6XX/16F6XX Memory Programming
Specification” (DS41204).

A typical In-Circuit Serial Programming connection is
shown in Figure 12-11.
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FIGURE 12-11: TYPICAL IN-CIRCUIT
SERIAL PROGRAMMING
CONNECTION
To Normal
Connections
External .
Connector !
+5V —— * VDD
oV —— Vss
Vep . MCLR/VPP/RA3
CLK — RA1
Data I/0 ® RAO

e

To Normal
Connections

* |solation devices (as required)

12.11 In-Circuit Debugger

Since in-circuit debugging requires access to the data
and MCLR pins, MPLAB® ICD 2 development with an
14-pin device is not practical. A special 20-pin
PIC16F684 ICD device is used with MPLAB ICD 2 to
provide separate clock, data and MCLR pins and frees
all normally available pins to the user.

A special debugging adapter allows the ICD device to
be used in place of a PIC16F684 device. The
debugging adapter is the only source of the ICD device.

When the ICD pin on the PIC16F684 ICD device is held
low, the In-Circuit Debugger functionality is enabled.
This function allows simple debugging functions when
used with MPLAB ICD 2. When the microcontroller has
this feature enabled, some of the resources are not
available for general use. Table 12-9 shows which
features are consumed by the background debugger.

TABLE 12-9: DEBUGGER RESOURCES

Resource Description
1/O pins ICDCLK, ICDDATA
Stack 1 level

Program Memory | Address Oh must be NOP

700h-7FFh

For more information, see “MPLAB® ICD 2 In-Circuit
Debugger User’'s Guide” (DS51331), available on
Microchip’s web site (www.microchip.com).

FIGURE 12-12: 20-PIN ICD PINOUT

20-Pin PDIP
In-Circuit Debug Device

v 20 [J==ICDCLK

NC —[]1
ICDMCLR/VPP —»[]2 __ 19[]==ICDDATA

VoD —-[]3 g 18[]=— Vss
RA5 «<=[]4 £ 17[]+=RAO
RA4==[|5 T 16[]«>RA1
RA3 <=[]6 g 15[]=—> RA2
RC5 -—={]7 14[}]«» RCO
RC4=+]8 8 13[l«»RC1
RC3 <-=[]9 12[]<«= RC2
ﬁ_>[10 1] NC
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NOTES:
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13.0 INSTRUCTION SET SUMMARY

The PIC16F684 instruction set is highly orthogonal and
is comprised of three basic categories:

« Byte-oriented operations
« Bit-oriented operations
 Literal and control operations

Each PIC16 instruction is a 14-bit word divided into an
opcode, which specifies the instruction type and one or
more operands, which further specify the operation of
the instruction. The formats for each of the categories
is presented in Figure 13-1, while the various opcode
fields are summarized in Table 13-1.

Table 13-2 lists the instructions recognized by the
MPASM™ assembler. A complete description of each
instruction is also available in the “PICmicro® Mid-
Range MCU Family Reference Manual” (DS33023).

For byte-oriented instructions, ‘f’ represents a file
register designator and ‘d’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator, which selects the bit affected by the
operation, while ‘f ’ represents the address of the file in
which the bit is located.

For literal and control operations, ‘k’ represents an
8-bit or 11-bit constant, or literal value.

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a normal
instruction execution time of 1 ps. All instructions are
executed within a single instruction cycle, unless a
conditional test is true, or the program counter is
changed as a result of an instruction. When this occurs,
the execution takes two instruction cycles, with the
second cycle executed as a NOP.

Note: To maintain upward compatibility with
future products, do not use the OPTI ON
and TRI S instructions.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

13.1 READ-MODIFY-WRITE
OPERATIONS

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a CLRF GPI Oinstruction will read GPIO,
clear all the data bits, then write the result back to
GPIO. This example would have the unintended result
of clearing the condition that set the GPIF flag.

TABLE 13-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

XWD‘E_"

Don’t care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultis d = 1.

PC | Program Counter
TO | Time-out bit

PD | Power-down bit

FIGURE 13-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 76 0

OPCODE | b (BIT #)| f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations
General

13 8 7 0
OPCODE | k (literal) |

k = 8-bit immediate value

CALL and GOTOinstructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value
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TABLE 13-2: PIC16F684 INSTRUCTION SET
; 14-Bit Opcode
Mnemonic, Description Cycles P Status Notes
Operands MSb LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f, d Add W and f 1 00 0111 dfff ffff | C,DC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff z 1,2
CLRF f Clear f 1 00 0001 Ifff ffff 4 2
CLRW - Clear W 1 00 0001 OxxX XXXX VA
COMF f, d Complement f 1 00 1001 dfff ffff z 1,2
DECF f, d Decrement f 1 00 0011 dfff ffff 4 1,2
DECFSz f, d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2,3
INCF f, d Increment f 1 00 1010 dfff ffff z 1,2
INCFSZ f, d Increment f, Skip if O 1(2) 00 1111 dfff ffff 1,2,3
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff z 1,2
MOVF f, d Move f 1 00 1000 dfff ffff z 1,2
MOVWF f Move W to f 1 00 0000 Ifff ffff
NOP - No Operation 1 00 0000 0xxO0O 0000
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff | C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff 4 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b Bit Clear f 1 01 O0O0Obb bfff ffff 1,2
BSF f, b Bit Set f 1 01 O01bb bfff ffff 1,2
BTFSC f, b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f, b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk | C,DC,ZzZ
ANDLW k AND literal with W 1 11 1001 kkkk kkkk 4
CALL k Call Subroutine 2 10 Okkk kkkk kkkk |
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 | TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01xx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000|
SLEEP - Go into Standby mode 1 00 0000 0110 0011 | TO,PD
SUBLW k Subtract W from literal 1 11  110x kkkk kkkk | C,DC,ZzZ
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk 4
Note 1: When an l/O register is modified as a function of itself (e.g., MOVF GPI O, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external
device, the data will be written back with a ‘0’.

2: Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if

assigned to the TimerO module.
3: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

Note:

Family Reference Manual” (DS33023).

Additional information on the mid-range instruction set is available in the “PICmicro® Mid-Range MCU
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13.2 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 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 k

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

‘. 1f ‘d’is ‘0, 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 fb
Operands: 0<f<127

O0<bs<7
Operation: 0 - (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is cleared.
BSF Bit Set f
Syntax: [label ] BSF f,b
Operands: 0<f<127

O<b<7
Operation: 1 - (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is set.
BTFSC Bit Test, Skip if Clear
Syntax: [ label ] BTFSC f,b
Operands: 0<f<127

O<sb<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 NOR is executed instead, making
this a 2-cycle instruction.
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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 ‘' is ‘0", the next
instruction is executed.
If bit ‘b’ is ‘1’, then the next
instruction is discarded and a NOP
is executed instead, making this a
2-cycle instruction.

CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0 < k<2047

Operation: (PC)+ 1- TOS,
k - PC<10:0>,
(PCLATH<4:3>) - PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return
address (PC + 1) is pushed onto
the stack. The eleven-bit
immediate address is loaded into
PC bits <10:0>. The upper bits of
the PC are loaded from PCLATH.
CALL is a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h - (f)
1-Z7

Status Affected: Z

Description: The contents of register ‘" are
cleared and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h - (W)
1-Z7

Status Affected: Z

Description: W register is cleared. Zero bit (2)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h - WDT
0 -~ WDT prescaler,
1-TO
1-PD

Status Affected:  TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets the
prescaler of the WDT.
Status bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF f,d

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

Operation: (H - (destination)

Status Affected: Z

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

DECF Decrement f

Syntax: [label ] DECF fd

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

Operation: () -1 - (destination)

Status Affected: Z

Description: Decrement 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’.
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DECFSz Decrement f, Skip if O

Syntax: [label] DECFSz fd

Operands: 0<f<127
d do,1]

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

Status Affected: None

Description: The contents of register ‘" 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
instruction is executed. If the
resultis ‘0’, then a NOP is
executed instead, making it a
2-cycle 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: @GOTOis 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>. GOTOis a
two-cycle instruction.

INCF Increment f

Syntax: [label] INCF f,d

Operands: 0<f<127
d 0[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 fd
Operands: 0<f<127
d 0J[0,1]
Operation: (f) + 1 - (destination),
skip ifresult =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
instruction is executed. If the
result is ‘0’, a NOP is executed
instead, making it a 2-cycle
instruction.
IORLW Inclusive OR literal with W
Syntax: [label] 1ORLW k
Operands: O0<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 O0[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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MOVF Move f MOVWF Move W to f
Syntax: [label] MOVF fd Syntax: [label] MOVWEF
Operands: 0<f<127 Operands: 0<f<127

duo1] Operation: wW) - ()
Operation: (f) — (dest) Status Affected:  None
Status Affected:  Z Description: Move data from W register to
Description: The contents of register f is register ‘f’.

moved to a destination dependent Words: 1

upon the status of d. If d = 0, ]

destination is W register. If d = 1, Cycles: 1

the destination is file register f Example MOVW  OPTI ON

itself. d = 1 is useful to test a file
register since status flag Z is

F

Before Instruction

affected. OPTION=  OXFF
Words: 1 W = Ox4F
After Instruction

Cycles: 1 OPTION=  Ox4F
Example MOVF FSR, 0 W = Ox4F
After Instruction
W = valuein FSR
register
Z = 1

MOVLW Move literal to W NOP No Operation
Syntax: [label] MOVLW k Syntax: [label] NOP
Operands: 0<k<255 Operands: None
Operation: k - (W) Operation: No operation
Status Affected: None Status Affected:  None
Description: The eight bit literal 'k’ is loaded into Description: No operation.
W register. The don't cares will Words: 1
assemble as ‘0’s. '
Cycles: 1
Words: 1
Example NOP
Cycles: 1
Example MOVLW  Ox5A

After Instruction
W = Ox5A
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RETFIE Return from |nterrupt RETURN Return from Subroutine
Syntax: [label] RETFIE Syntax: [label] RETURN
Operands: None Operands: None
Operation: TOS - PC, Operation: TOS - PC
1-GIE Status Affected: None
Status Affected: ~ None Description: Return from subroutine. The stack
Description: Return from Interrupt. Stack is is POPed and the top of the stack
POPed and Top-of-Stack (TOS) is (TOS) is loaded into the program
loaded in the PC. Interrupts are counter. This is a two-cycle
enabled by setting Global instruction.
Interrupt Enable bit, GIE
(INTCON<7>). This is a two-cycle
instruction.
Words: 1
Cycles: 2
Example RETFI E
After Interrupt
PC = TOS
GEE= 1
RETLW Return with literal in W RLF Rotate Left f through Carry
Syntax: [label] RETLW k Syntax: [label] RLF fd
Operands: O0<k<255 Operands: 0<f<127
Operation: k - (W); doo.1]
TOS - PC Operation: See description below
Status Affected:  None Status Affected: C
Description: The W register is loaded with the Description: The contents of register ‘' are
eight bit literal ‘k’. The program rotated one bit to the left through
counter is loaded from the top of the Carry flag. If ‘d’ is ‘0’, the
the stack (the return address). result is placed in the W register.
This is a two-cycle instruction. If ‘d" is ‘1’, the result is stored
Words: 1 back in register ‘f'.
Cydles: )
Example CALL TABLE; W cont ai ns Words: 1
tabl e '
;offset value Cycles:
TABLE . ;W now has table value Example RLF REGL, 0
: Before Instruction
REGL = 1110 0110
ADDWF PC ;W = offset c - 0
RETLW k1 ;Begin table After Instruction
RETLW k2 REGL = 1110 0110
° w = 1100 1100
. C = 1

RETLW kn ; End of table
Before Instruction

W = 0x07
After Instruction
W = value of k8
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RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
d 0[0,1]
Operation: See description below
Status Affected: C
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'.
G}~ Regsert J-
SLEEP Enter Sleep mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h - WDT,
0 - WDT prescaler,
1. TO,
0- PD
Status Affected:  TO, PD
Description: The power-down Status bit, PD is
cleared. Time-out Status bit, TO
is set. Watchdog Timer and its
prescaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
SUBLW Subtract W from literal
Syntax: [label] SUBLW k
Operands: 0<k<255
Operation: k-(W) - (W)
Status Affected: C, DC, Z
Description: The W register is subtracted (2's

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

SUBWF Subtract W from f
Syntax: [label] SUBWF f,d
Operands: 0=<f<127
d 0[0,1]
Operation: (f) - (W) - (destination)
Status Affected: C, DC, Z
Description: Subtract (2's complement method)
W register from register ‘. If ‘'d’ is
‘0’, the result is stored in the W
register. If ‘'d’ is ‘1’, the result is
stored back in register ‘f".
SWAPF Swap Nibbles in f
Syntax: [label] SWAPF fd
Operands: 0<f<127
d 0J[0,1]
Operation: (f<3:0>) - (destination<7:4>),
(f<7:4>) - (destination<3:0>)
Status Affected: None
Description: The upper and lower nibbles of
register ‘f' are exchanged. If ‘d’ is
‘0’, the result is placed in the W
register. If ‘d’ is ‘1’, the result is
placed in register ‘f'.
XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k - (W)
Status Affected: z
Description: The contents of the W register

are XOR’ed with the eight-bit
literal ‘k’. The result is placed in
the W register.
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XORWF Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0<f<127

do[o,1]
Operation: (W) .XOR. (f) - (destination)
Status Affected: Z
Description: Exclusive OR 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’.
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14.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
« Integrated Development Environment

- MPLAB® IDE Software
» Assemblers/Compilers/Linkers

- MPASM™ Assembler

- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Obiject Librarian

- MPLAB C30 C Compiler

- MPLAB ASM30 Assembler/Linker/Library
e Simulators

- MPLAB SIM Software Simulator

- MPLAB dsPIC30 Software Simulator
e Emulators

- MPLAB ICE 2000 In-Circuit Emulator

- MPLAB ICE 4000 In-Circuit Emulator
* In-Circuit Debugger

- MPLAB ICD 2
» Device Programmers

- PRO MATE® Il Universal Device Programmer

- PICSTART® Plus Development Programmer

- MPLAB PM3 Device Programmer
¢ Low-Cost Demonstration Boards

- PICDEM™ 1 Demonstration Board

- PICDEM.net™ Demonstration Board

- PICDEM 2 Plus Demonstration Board

- PICDEM 3 Demonstration Board

- PICDEM 4 Demonstration Board

- PICDEM 17 Demonstration Board

- PICDEM 18R Demonstration Board

- PICDEM LIN Demonstration Board

- PICDEM USB Demonstration Board
 Evaluation Kits

- KeeLoqg®

- PICDEM MSC

- microlD®

- CAN

- PowerSmart®

- Analog

14.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
based application that contains:
< An interface to debugging tools

- simulator

- programmer (sold separately)

- emulator (sold separately)

- in-circuit debugger (sold separately)
« A full-featured editor with color coded context
< A multiple project manager

» Customizable data windows with direct edit of
contents

« High-level source code debugging
* Mouse over variable inspection
« Extensive on-line help

The MPLAB IDE allows you to:

 Edit your source files (either assembly or C)
¢ One touch assemble (or compile) and download

to PICmicro emulator and simulator tools

(automatically updates all project information)
« Debug using:

- source files (assembly or C)

- mixed assembly and C

- machine code
MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increasing flexibility
and power.

14.2 MPASM Assembler

The MPASM assembler is a full-featured, universal
macro assembler for all PICmicro 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 ref-
erence, absolute LST files that contain source lines and
generated machine code and COFF files for
debugging.

The MPASM assembler features include:

« Integration into MPLAB IDE projects

» User defined macros to streamline assembly code

« Conditional assembly for multi-purpose source
files

« Directives that allow complete control over the
assembly process

© 2004 Microchip Technology Inc.
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14.3 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.

14.4 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 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

145 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, exponential
and hyperbolic). The compiler provides symbolic
information for high-level source debugging with the
MPLAB IDE.

14.6 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

14.7 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC hosted environment by simulating the
PICmicro 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 execu-
tion 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.

14.8 MPLAB SIM30 Software Simulator

The MPLAB SIM30 software simulator allows code
developmentin 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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149 MPLAB ICE 2000
High-Performance Universal
In-Circuit Emulator

The MPLAB ICE 2000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for
PICmicro microcontrollers. Software control of the
MPLAB ICE 2000 in-circuit emulator is advanced by
the MPLAB Integrated Development Environment,
which allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PICmicro microcontrollers.

The MPLAB ICE 2000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

14.10 MPLAB ICE 4000
High-Performance Universal
In-Circuit Emulator

The MPLAB ICE 4000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for high-
end PICmicro microcontrollers. Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment, which
allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICD 4000 is a premium emulator system,
providing the features of MPLAB ICE 2000, but with
increased emulation memory and high-speed perfor-
mance for dsPIC30F and PIC18XXXX devices. Its
advanced emulator features include complex triggering
and timing, up to 2 Mb of emulation memory and the
ability to view variables in real-time.

The MPLAB ICE 4000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

14.11 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash
PICmicro MCUs and can be used to develop for these
and other PICmicro microcontrollers. The MPLAB
ICD 2 utilizes the in-circuit debugging capability built
into the Flash devices. This feature, along with
Microchip’s In-Circuit Serial Programming™ (ICSP™)
protocol, offers cost effective in-circuit Flash debugging
from the graphical user interface of the MPLAB
Integrated Development Environment. This enables a
designer to develop and debug source code by setting
breakpoints, single-stepping and watching variables,
CPU status and peripheral registers. Running at full
speed enables testing hardware and applications in
real-time. MPLAB ICD 2 also serves as a development
programmer for selected PICmicro devices.

14.12 PRO MATE Il Universal Device
Programmer

The PRO MATE Il is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
an LCD display for instructions and error messages
and a modular detachable socket assembly to support
various package types. In Stand-Alone mode, the
PRO MATE Il device programmer can read, verify and
program PICmicro devices without a PC connection. It
can also set code protection in this mode.

14.13 MPLAB PM3 Device Programmer

The MPLAB PM3 is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
a large LCD display (128 x 64) for menus and error
messages and a modular detachable socket assembly
to support various package types. The ICSP™ cable
assembly is included as a standard item. In Stand-
Alone mode, the MPLAB PM3 device programmer can
read, verify and program PICmicro devices without a
PC connection. It can also set code protection in this
mode. MPLAB PM3 connects to the host PC via an RS-
232 or USB cable. MPLAB PM3 has high-speed com-
munications and optimized algorithms for quick pro-
gramming of large memory devices and incorporates
an SD/MMC card for file storage and secure data appli-
cations.
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14.14 PICSTART Plus Development
Programmer

The PICSTART Plus development programmer is an
easy-to-use, low-cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus development programmer supports
most PICmicro devices up to 40 pins. Larger pin count
devices, such as the PIC16C92X and PIC17C76X,
may be supported with an adapter socket. The
PICSTART Plus development programmer is CE
compliant.

14.15 PICDEM 1 PICmicro
Demonstration Board

The PICDEM 1 demonstration board demonstrates the
capabilites of the PIC16C5X (PIC16C54 to
PIC16C58A), PIC16C61, PIC16C62X, PIC16C71,
PIC16C8X, PIC17C42, PIC17C43 and PIC17C44. All
necessary hardware and software is included to run
basic demo programs. The sample microcontrollers
provided with the PICDEM 1 demonstration board can
be programmed with a PRO MATE Il device program-
mer or a PICSTART Plus development programmer.
The PICDEM 1 demonstration board can be connected
to the MPLAB ICE in-circuit emulator for testing. A
prototype area extends the circuitry for additional appli-
cation components. Features include an RS-232
interface, a potentiometer for simulated analog input,
push button switches and eight LEDs.

14.16 PICDEM.net Internet/Ethernet
Demonstration Board

The PICDEM.net demonstration board is an Internet/
Ethernet demonstration board using the PIC18F452
microcontroller and TCP/IP firmware. The board
supports any 40-pin DIP device that conforms to the
standard pinout used by the PIC16F877 or
PIC18C452. This kit features a user friendly TCP/IP
stack, web server with HTML, a 24L256 Serial
EEPROM for Xmodem download to web pages into
Serial EEPROM, ICSP/MPLAB ICD 2 interface con-
nector, an Ethernet interface, RS-232 interface and a
16 x 2 LCD display. Also included is the book and
CD-ROM “TCP/IP Lean, Web Servers for Embedded
Systems,” by Jeremy Bentham

14.17 PICDEM 2 Plus
Demonstration Board

The PICDEM 2 Plus demonstration board supports
many 18, 28 and 40-pin microcontrollers, including
PIC16F87X and PIC18FXX2 devices. All the neces-
sary hardware and software is included to run the dem-
onstration programs. The sample microcontrollers
provided with the PICDEM 2 demonstration board can
be programmed with a PRO MATE Il device program-
mer, PICSTART Plus development programmer, or
MPLAB ICD 2 with a Universal Programmer Adapter.
The MPLAB ICD 2 and MPLAB ICE in-circuit emulators
may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area extends the
circuitry for additional application components. Some
of the features include an RS-232 interface, a 2 x 16
LCD display, a piezo speaker, an on-board temperature
sensor, four LEDs and sample PIC18F452 and
PIC16F877 Flash microcontrollers.

14.18 PICDEM 3 PIC16C92X
Demonstration Board

The PICDEM 3 demonstration board supports the
PIC16C923 and PIC16C924 in the PLCC package. All
the necessary hardware and software is included to run
the demonstration programs.

14.19 PICDEM 4 8/14/18-Pin
Demonstration Board

The PICDEM 4 can be used to demonstrate the capa-
bilities of the 8, 14 and 18-pin PIC16XXXX and
PIC18XXXX MCUs, including the PIC16F818/819,
PIC16F87/88, PIC16F62XA and the PIC18F1320
family of microcontrollers. PICDEM 4 is intended to
showcase the many features of these low pin count
parts, including LIN and Motor Control using ECCP.
Special provisions are made for low-power operation
with the supercapacitor circuit and jumpers allow on-
board hardware to be disabled to eliminate current
draw in this mode. Included on the demo board are pro-
visions for Crystal, RC or Canned Oscillator modes, a
five volt regulator for use with a nine volt wall adapter
or battery, DB-9 RS-232 interface, ICD connector for
programming via ICSP and development with MPLAB
ICD 2, 2 x 16 liquid crystal display, PCB footprints for H-
bridge motor driver, LIN transceiver and EEPROM.
Also included are: header for expansion, eight LEDs,
four potentiometers, three push buttons and a proto-
typing area. Included with the kit is a PIC16F627A and
a PIC18F1320. Tutorial firmware is included along with
the User’s Guide.
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14.20 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. A pro-
grammed sample is included. The PRO MATE Il device
programmer, or the PICSTART Plus development pro-
grammer, can be used to reprogram the device for user
tailored application development. The PICDEM 17
demonstration board supports program download and
execution from external on-board Flash memory. A
generous prototype area is available for user hardware
expansion.

14.21 PICDEM 18R PIC18C601/801
Demonstration Board

The PICDEM 18R demonstration board serves to assist
development of the PIC18C601/801 family of Microchip
microcontrollers. It provides hardware implementation
of both 8-bit Multiplexed/Demultiplexed and 16-bit
Memory modes. The board includes 2 Mb external
Flash memory and 128 Kb SRAM memory, as well as
serial EEPROM, allowing access to the wide range of
memory types supported by the PIC18C601/801.

14.22 PICDEM LIN PIC16C43X
Demonstration Board

The powerful LIN hardware and software kit includes a
series of boards and three PICmicro microcontrollers.
The small footprint PIC16C432 and PIC16C433 are
used as slaves in the LIN communication and feature
on-board LIN transceivers. A PIC16F874 Flash
microcontroller serves as the master. All three micro-
controllers are programmed with firmware to provide
LIN bus communication.

14.23 PICkit™ 1 Flash Starter Kit

A complete “development system in a box”, the PICkit
Flash Starter Kit includes a convenient multi-section
board for programming, evaluation and development of
8/14-pin Flash PIC® microcontrollers. Powered via
USB, the board operates under a simple Windows GUI.
The PICKit 1 Starter Kit includes the User’s Guide (on
CD ROM), PICKkit 1 tutorial software and code for
various applications. Also included are MPLAB® IDE
(Integrated Development Environment) software,
software and hardware “Tips ‘n Tricks for 8-pin Flash
PIC® Microcontrollers” Handbook and a USB interface
cable. Supports all current 8/14-pin Flash PIC
microcontrollers, as well as many future planned
devices.

14.24 PICDEM USB PIC16C7X5
Demonstration Board

The PICDEM USB Demonstration Board shows off the
capabilities of the PIC16C745 and PIC16C765 USB
microcontrollers. This board provides the basis for
future USB products.

14.25 Evaluation and
Programming Tools

In addition to the PICDEM series of circuits, Microchip
has a line of evaluation kits and demonstration software
for these products.

« KEELOQ evaluation and programming tools for
Microchip’s HCS Secure Data Products

« CAN developers kit for automotive network
applications

« Analog design boards and filter design software

« PowerSmart battery charging evaluation/
calibration kits

« IrDA® development kit

« microlD development and rfLab™ development
software

« SEEVAL® designer kit for memory evaluation and
endurance calculations

* PICDEM MSC demo boards for Switching mode
power supply, high-power IR driver, delta sigma
ADC and flow rate sensor

Check the Microchip web page and the latest Product
Selector Guide for the complete list of demonstration
and evaluation kits.

© 2004 Microchip Technology Inc.

Preliminary

DS41202C-page 125



PIC16F684

NOTES:

DS41202C-page 126 Preliminary © 2004 Microchip Technology Inc.



PIC16F684

15.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings(™

Ambient temMPerature UNAEI DIAS...........iiiiiiiiiiieiiiiiie et ee et e e e s et ee e e easbeaeee e e s staeeaeessnres -40° to +125°C
SEOIAgE tEIMPEIATUIE .. ..ttt e e e e e e e e e s e e e et bbbt et e e eeeeeaeaaeaeaassaaa e nsnnbanebnbeeeeeneeeeaeeeas -65°C to +150°C
Voltage 0N VDD With FESPECE T0 VSS ...viiiiiiiiiiiiie ittt e e e e e e et e e e e s satbaae e e s entbaaaeeeeanes -0.3V to +6.5V
Voltage 0N MCLR With T@SPECE t0 VSS ........veeieeeeeeeeeeeeeeeee e see e eee e -0.3V to +13.5V
Voltage on all other pins With reSPECT t0 VSS ..oociiiiiiiiiiiiiii e -0.3V to (VDD + 0.3V)
Total power dissipation(l) ................................................

Maximum CUITENE QUL O VSS PN woiiiiiiiiiiie et ie ettt et e e e e e e e e e s e e e e e e s bt e e e e e esntbbeaaeeesnanaeeeeanes

Maximum CUITENTE INEO VDD PN ....eieeiiiuiiiie ettt ie e ettt e e e ettt ee e e s ettt e e e e s e ne bt e e e e e ansneeeaeeannnsbeeaeeanntseeaaesansnnneaesase
Input clamp current, K (VI <O OF VI3 VDD).cuiiiiie ittt e e ettt ee e e et e te e e s et e e e sitbe e e e e s sssbeeeeassssssbeeeessssssaneassanses
Output clamp current, IOK (VO < 0 OF VO SVDD) .....uuuiiiiaiiiiieeeeaieeee e et e ettt e e e s e atsae e e e e e s aneaeeaaaaanseeeaeaaannseeens
Maximum output current SUNK DY @ny 1/O PiN.......cciciieiie e et e e e s e san s e e e s s snreeeaeeaas
Maximum output current sourced by any 1/O PiN ........cooo i e e e e e e e e anes
Maximum current sunk by PORTA and PORTC (combined)
Maximum current sourced PORTA and PORTC (combined)

Note 1: Power dissipation is calculated as follows: PDIs = VDD X {IDD — X IoH} + X {(VDD — VOH) x loH} + >(Vol x loL).

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Note:  Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100 Q should be used when applying a “low” level to the MCLR pin, rather than
pulling this pin directly to Vss.
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FIGURE 15-1: PIC16F684 VOLTAGE-FREQUENCY GRAPH,
-40°C <TA +125°C

55

5.0

45

VDD 4.0
\Volts
( ) 3.5

3.0

25

2.0

0 4 8 10 12 16 20
Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
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151

DC Characteristics: PIC16F684 -l (Industrial)

PIC16F684 -E (Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for industrial

-40°C < TA < +125°C for extended

Pilrg\m Sym Characteristic Min | Typt | Max | Units Conditions
VDD Supply Voltage
D001 20 | — |55 V |Fosc <=4 MHz:
Doo1C 3.0 — | 55 V |Fosc <=10 MHz
D001D 4.5 — | 55 V |Fosc < =20 MHz
D002 |VDR RAM Data Retention 15| — | — V | Device in Sleep mode
Voltage®@
D003 |VPOR VDD Start Voltage to — | Vss | — V | See Section 12.3.3 “Power-On Reset
ensure internal Power-on (POR)” for details.
Reset signal
D004 |Svbb |VDD Rise Rateto ensure |0.05*| — | — | V/ms |See Section 12.3.3 “Power-On Reset
internal Power-on Reset (POR)” for details.
signal
D005 |VBoD Brown-out Detect — | 21| — \%
* These parameters are characterized but not tested.
1t 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: This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.

© 2004 Microchip Technology Inc.
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15.2 DC Characteristics: PIC16F684-1 (Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature ~ -40°C < TA < +85°C for industrial
Conditions
Pilram Device Characteristics | Min | Typt Max | Units
0. VDD Note

D010 |Supply Current (Iop)2 | — 9 TBD HA 2.0 |Fosc =32kHz
_ 18 TBD HA 30 |LP Oscillator mode
— 35 TBD HA 5.0

D011 — 110 TBD A 2.0 |Fosc=1MHz
_ 190 TBD HA 3.0 |XT Oscillator mode
— 330 TBD HA 5.0

D012 — 220 TBD A 2.0 |Fosc=4MHz
_ 370 TBD HA 3.0 |XT Oscillator mode
— 0.6 TBD mA 5.0

D013 — 70 TBD HA 2.0 |Fosc=1MHz
_ 140 TBD HA 30 |EC Oscillator mode
— 260 TBD HA 5.0

D014 — 180 TBD A 2.0 |Fosc=4MHz
_ 320 TBD HA 30 |EC Oscillator mode
— 580 TBD HA 5.0

D015 — TBD | TBD A 2.0 |Fosc=31kHz
— | 78D | TBD | pA 3.0 |INTRC mode
— TBD | TBD mA 5.0

D016 — 340 TBD HA 2.0 |Fosc=4MHz
_ 500 TBD HA 3.0 INTOSC mode
— 0.8 TBD mA 5.0

D017 — 180 TBD HA 2.0 |Fosc=4MHz
— | 320 | TBD | pA 3.0 |EXTRC mode
— 580 TBD HA 5.0

D018 — 2.1 TBD mA 4.5 |Fosc =20 MHz
_ 24 TBD mA 50 HS Oscillator mode

Legend: TBD = To Be Determined.

1t 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 I/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 I/O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have
an impact on the current consumption.

3: 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.

4:  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 VVDD.
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15.2

DC Characteristics: PIC16F684-I (Industrial) (Continued)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta £ +85°C for industrial

Operating temperature

Conditions
Pzram Device Characteristics | Min | Typt | Max | Units
0. VDD Note
D020 |Power-down Base — 0.99 TBD nA 2.0 |WDT, BOD, Comparators, VREF and
Current(lpp)® _ 12 | TBD | nA 30 |T1OSC disabled
— 2.9 TBD nA 5.0
D021 — 0.3 TBD A 2.0 |WDT Current
— 1.8 TBD HA 3.0
— 8.4 TBD A 5.0
D022 — 58 | TBD | pA 3.0 |BOD Current®
— 109 TBD MA 5.0
D023 — 33 | TBD | pA 2.0 |Comparator Current®
— 6.1 TBD HA 3.0
— 115 TBD HA 5.0
D024 — 58 | TBD | pA 2.0 |CVRer Current®
— 85 TBD HA 3.0
— 138 TBD HA 5.0
D025 — 40 | TBD | pA 2.0 |T10SC Current®
— 4.6 TBD HA 3.0
— 6.0 TBD HA 5.0
D026 — 1.2 | TBD | nA 3.0 |A/D Current®
— 10.0022| TBD HA 5.0
Legend: TBD = To Be Determined.
1t 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 I/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 I/O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have
an impact on the current consumption.

3:  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.

4:  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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15.3 DC Characteristics: PIC16F684-E (Extended)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +125°C for extended
Conditions
Pilram Device Characteristics | Min Typt Max | Units
0. VDD Note

DO10E | Supply Current (IDD) — 9 TBD MA 2.0 |Fosc =32kHz
_ 18 TBD HA 30 |LP Oscillator mode
— 35 TBD HA 5.0

DO11E — 110 TBD MA 2.0 |Fosc=1MHz
_ 190 TBD HA 3.0 |XT Oscillator mode
— 330 TBD HA 5.0

DO12E — 220 TBD MA 2.0 |Fosc=4MHz
_ 370 TBD HA 3.0 |XT Oscillator mode
— 0.6 TBD mA 5.0

DO13E — 70 TBD MA 2.0 |Fosc=1MHz
_ 140 TBD HA 30 |EC Oscillator mode
— 260 TBD HA 5.0

DO14E — 180 TBD MA 2.0 |Fosc=4MHz
_ 320 TBD HA 30 |EC Oscillator mode
— 580 TBD HA 5.0

DO15E — TBD TBD MA 2.0 |Fosc=31kHz
— | 78D | TBD | pA 3.0 |INTRC mode
— TBD TBD mA 5.0

DO16E — 340 TBD MA 2.0 |Fosc=4MHz
_ 500 TBD HA 3.0 INTOSC mode
— 0.8 TBD mA 5.0

DO17E — 180 TBD MA 2.0 |Fosc=4MHz
— | 320 | TBD | pA 3.0 |EXTRC mode
— 580 TBD HA 5.0

DO18E — 21 TBD mA 4.5 |Fosc =20 MHz
_ 24 TBD mA 50 HS Oscillator mode

Legend: TBD = To Be Determined.

1t 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 I/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 I/O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have
an impact on the current consumption.

3:  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.

4:  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 VVDD.
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15.3

DC Characteristics: PIC16F684-E (Extended) (Continued)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta £ +125°C for extended

Operating temperature

Conditions
Pzram Device Characteristics | Min Typt Max | Units
0. VDD Note
DO20E | Power-down Base — |0.00099| TBD MA 2.0 |WDT, BOD, Comparators, VREF and
Current (|PD)(4) _ 0.0012 | TBD HA 3.0 |T1OSC disabled
— | 0.0029 | TBD MA 5.0
DO021E — 0.3 TBD HA 2.0 |WDT Current
— 1.8 TBD HA 3.0
— 8.4 TBD HA 5.0
D022E — 58 TBD HA 3.0 |BOD Current
— 109 TBD HA 5.0
D023E — 3.3 TBD Ty 2.0 |Comparator Current®
— 6.1 TBD MA 3.0
— 11.5 TBD HA 5.0
D024E — 58 TBD HA 2.0 | CVREF Current
— 85 TBD MA 3.0
— 138 TBD HA 5.0
DO025E — 4.0 TBD A 2.0 |T10SC Current
— 4.6 TBD MA 3.0
— 6.0 TBD HA 5.0
D026E — | 0.0012 | TBD HA 3.0 |A/D Current®
— | 0.0022 | TBD MA 5.0
Legend: TBD = To Be Determined.
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 I/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 I/O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have
an impact on the current consumption.

3:  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.

4:  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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15.4 DC Characteristics: PIC16F684 -1 (Industrial)
PIC16F684 -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
PaNr:m Sym Characteristic Min Typt Max |Units Conditions
VIL Input Low Voltage
1/O port:
D030 with TTL buffer Vss — 0.8 V |45V <VDD<5.5V
D030A Vss — [0.15VbD| V |Otherwise
D031 with Schmitt Trigger Vss — 0.2 VDD V  |Entire range
buffer
D032 MCLR, OSC1 (RC mode) Vss — | o02vop | V
D033 OSC1 (XT and LP modes)® Vss — 0.3 Y,
DO33A 0SC1 (HS mode)® Vss — |03vbp | V
VIH Input High Voltage
I/O ports: —
D040 with TTL buffer 2.0 — VDD V |45V <VDD<55V
DO040A (0.25VbD +0.8)| — VDD V  |Otherwise
D041 with Schmitt Trigger buffer 0.8 VDD — VDD V  |Entire range
D042 MCLR 0.8 VDD — VDD \Y
D043 OSC1 (XT and LP modes) 1.6 — VDD V [(Note 1)
D043A OSC1 (HS mode) 0.7 VDD — VDD V  [(Note 1)
D043B OSC1 (RC mode) 0.9 VbD — VDD \%
D070 |IPUrR PORTA Weak Pull-up 50* 250 400* HA |[VDD = 5.0V, VPIN = Vss
Current
i Input Leakage Current®
D060 I/O ports — +0.1 +1 A |VSs < VPIN £ VDD,
Pin at high-impedance
D061 MCLR®) — +0.1 +5 PA |VsSs < VPIN < VDD
D063 0sC1 — +0.1 +5 A |Vss < VPIN £ VDD, XT, HS and
LP oscillator configuration
VoL Output Low Voltage
D080 1/O ports — — 0.6 V |loL=8.5mA, VDD = 4.5V (Ind.)
D083 OSC2/CLKOUT (RC mode) — — 0.6 V |loL=1.6 mA, VDD = 4.5V (Ind.)
loL=1.2 mA, VDD = 4.5V (Ext.)

Legend: TBD = To Be Determined.
* These parameters are characterized but not tested.
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: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an
external clock in RC mode.
2:  Negative current is defined as current sourced by the pin.
3: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
4: See Section 10.4.1 “Using the Data EEPROM” for additional information.
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15.4 DC Characteristics:

PIC16F684 -I (Industrial)
PIC16F684 -E (Extended) (Continued)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TAa < +85°C for industrial
-40°C < TA < +125°C for extended
PaNr:m Sym Characteristic Min Typt Max |Units Conditions
VOH Output High Voltage
D090 1/O ports VoD - 0.7 — — V |loH =-3.0 mA, VDD = 4.5V (Ind.)
D092 OSC2/CLKOUT (RC mode) VDD - 0.7 — — V |loH =-1.3 mA, VDD = 4.5V (Ind.)
IoH =-1.0 mA, VDD = 4.5V (Ext.)
D100 |lurp Ultra Low-Power Wake-up — 200 — nA
Current
Capacitive Loading Specs
on Output Pins
D100 |COSC2 |OSC2 pin — — 15* pF |In XT, HS and LP modes when
external clock is used to drive
0OSC1
D101 |Cio All'I/O pins — — 50* pF
Data EEPROM Memory
D120 |ED Byte Endurance 100K M — E/W [-40°C < TA<+85°C
D120A |ED Byte Endurance 10K 100K — E/W |+85°C < TAa < +125°C
D121 |Vbrw |VDD for Read/Write VMIN — 5.5 V |Using EECONL1 to read/write
VMIN = Minimum operating
voltage
D122 |Toew Erase/Write Cycle Time — 5 6 ms
D123 |TrRetd |Characteristic Retention 40 — — Year |Provided no other specifications
are violated
D124 |TRer Number of Total Erase/Write 1M 10M — E/W |-40°C < TA < +85°C
Cycles before Refresh®
Program Flash Memory
D130 |EpP Cell Endurance 10K 100K — E/W [-40°C < TA<+85°C
D130A |ED Cell Endurance 1K 10K — E/W [+85°C < TA< +125°C
D131 |VPR VoD for Read VMIN — 5.5 V  |VMIN = Minimum operating
voltage
D132 |VPEW VoD for Erase/Write 4.5 — 55 \%
D133 |TPew Erase/Write cycle time — 2 2.5 ms
D134 |TRetD |Characteristic Retention 40 — — Year |Provided no other specifications
are violated
Legend: TBD = To Be Determined.
* These parameters are characterized but not tested.
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: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an
external clock in RC mode.
2:  Negative current is defined as current sourced by the pin.
3: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
4: See Section 10.4.1 “Using the Data EEPROM” for additional information.
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15.5 Timing Parameter Symbology

The timing parameter symbols have been created with
one of the following formats:

1. TppS2ppS
2. TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc OSC1
ck CLKOUT rd RD
cs cs w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in to TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (High-impedance) \% Valid
L Low Z High-impedance
FIGURE 15-2: LOAD CONDITIONS
Load Condition 1 Load Condition 2
VDD/2
RL
L
S S
Vss Vss
Legend: RL = 464Q
CL = 50pF forall pins
15 pF for OSC2 output
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15.6 AC Characteristics: PIC16F684 (Industrial, Extended)

FIGURE 15-3: EXTERNAL CLOCK TIMING
i Q4 i Q1 ; Q2 I Q3 Q4 ; Q1 !
: | I : ; - |
R Rl et
- 2 >
CLKOUT
TABLE 15-1: EXTERNAL CLOCK TIMING REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA<+125°C
P;a\lr:m Sym Characteristic Min | Typt Max | Units Conditions
Fosc |External CLKIN Frequency(l) DC — 37 kHz |LP Oscillator mode
DC — 4 MHz | XT Oscillator mode
DC — 20 MHz |HS Oscillator mode
DC — 20 MHz |EC Oscillator mode
Oscillator Frequency(l) 5 — 37 kHz |LP Oscillator mode
— 4 — MHz |INTOSC mode
DC — 4 MHz |RC Oscillator mode
0.1 — 4 MHz |XT Oscillator mode
1 — 20 MHz |HS Oscillator mode
1 Tosc |External CLKIN Period® 27 — 00 pus |LP Oscillator mode
50 — 00 ns |HS Oscillator mode
50 — 00 ns |EC Oscillator mode
250 — 00 ns | XT Oscillator mode
Oscillator Period® 27 200 gs |LP Oscillator mode
— 250 — ns |INTOSC mode
250 — — ns |RC Oscillator mode
250 — 10,000 ns |XT Oscillator mode
50 — 1,000 ns |HS Oscillator mode
2 Tcy  |Instruction Cycle Time® 200 | Tov DC ns |Tcy = 4/Fosc
3 TosL, |External CLKIN (OSC1) High | 2* — — pus |LP oscillator, Tosc L/H duty cycle
TosH |External CLKIN Low 20% | — — ns |HS oscillator, Tosc L/H duty cycle
100*| — — ns |XT oscillator, Tosc L/H duty cycle
4 TosR, |External CLKIN Rise — — 50* ns |LP oscillator
TosF |External CLKIN Fall — — 25 ns |XT oscillator
— — 15* ns |HS oscillator

* These parameters are characterized but not tested.

T Datain ‘Typ’ column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions
with the device executing code. Exceeding these specified limits may result in an unstable oscillator
operation and/or higher than expected current consumption. All devices are tested to operate at ‘min’
values with an external clock applied to OSC1 pin. When an external clock input is used, the ‘max’ cycle
time limit is ‘DC’ (no clock) for all devices.
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TABLE 15-2: PRECISION INTERNAL OSCILLATOR PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA <+125°C

P;a\lr:.m Sym Characteristic ToIFerrZ?}ce Min | Typt Max | Units Conditions
F10 Fosc | Internal Calibrated +1% — 8.00 TBD | MHz | VDD and Temperature TBD
INTOSC Frequency® +2% — | 800 | TBD | MHz |2.5V<VDD<55V
0°C < TA < +85°C
5% — 8.00 TBD | MHz | 2.0V <VDD <5.5V
-40°C < TA < +85°C (Ind.)
-40°C < TA < +125°C (Ext.)
F14 Tiosc | Oscillator Wake-up from — — TBD TBD pus | VDD = 2.0V, -40°C to +85°C
ST | Sleep Start-up Time* — — | TBD | TBD | us |Vpbp=3.0V,-40°C to +85°C
— — TBD TBD pus | Vbb = 5.0V, -40°C to +85°C

Legend: TBD = To Be Determined.
* These parameters are characterized but not tested.
1t 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. To ensure these oscillator frequency tolerances, VDD and Vss must be capacitively decoupled as close to
the device as possible. 0.1uF and 0.01uF values in parallel are recommended.

o ////////////;//////;//M AT

FIGURE 15-4: CLKOUT AND I/O TIMING
Q4 - Q1 " Q2 = Q3 :
s / /4L |
1=, 10 . : : ) \ -, :
: ! : 122 : I !
CLKOUT Ly 123 ; ! Z
RN I T 12 5
I . 119, | «18» Lo |
(- :<—>| 14 '—Lp! : : —» <16 !

17— :

/O pin Old Value New Value

(Output)
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TABLE 15-3:

CLKOUT AND 1I/O TIMING REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Operating Temperature -40°C < TA<+125°C
Pilr:m Sym Characteristic Min Typt Max Units| Conditions
10 TosH2ckL [OSC1t to CLOUT! — 75 200 ns |(Note 1)
11 TosH2ckH |OSC1t to CLOUT? — 75 200 ns |(Note 1)
12 TckR CLKOUT rise time — 35 100 ns |[(Note 1)
13 TckF CLKOUT fall time — 35 100 ns |[(Note 1)
14 TckL2ioV  |CLKOUT! to Port Out Valid — — 20 ns |(Note 1)
15 TioV2ckH |Port In Valid before CLKOUT 1 Tosc+200ns| — — ns |(Note 1)
16 TckH2iol  |Port In Hold after CLKOUT1 0 — — ns |(Note 1)
17 TosH2ioV |OSC1t (Q1 cycle) to Port Out Valid — 50 150* ns
— — 300 ns

18 TosH2iol |OSC1t (Q2 cycle) to Port Input 100 — — ns

Invalid (I/O in hold time)
19 TioV2osH |Port Input Valid to OSC11 0 — — ns

(/O in setup time)
20 TioR Port Output Rise — 10 40 ns

Time
21 TioF Port Output Fall — 10 40 ns

Time
22 Tinp INT Pin High or Low Time 25 — — ns
23 Trbp PORTA Change INT High or Low Tcy — — ns

Time

*

These parameters are characterized but not tested.

t Datain ‘Typ’ column is at 5.0V, 25°C unless otherwise stated.

Note 1:

Measurements are taken in RC mode where CLKOUT output is 4 x TOScC.

© 2004 Microchip Technology Inc.
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FIGURE 15-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND
POWER-UP TIMER TIMING

<
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l—— 33— : (C
PWRT ! ! ))
Time-out ! 32 . !
:-—— ' X ((
osc ' ))
Time-out '
! ((
Internal ! . ))
Reset |
Watchdog : : S S
Timer ' \ /
Reset : j
| . 31 ! .
Ehatiun — 34—
1/O pins / \
FIGURE 15-6: BROWN-OUT DETECT TIMING AND CHARACTERISTICS
VDD
VBOD o - -cm i /— (Device not in Brown-out Detect)

(Device in Brown-out Detect)

- 35 >,

T ]
Reset (due to BOD) : 64 ms Time-out®

Note 1: 64 ms delay only if PWRTE bit in the Configuration Word register is programmed to ‘0’.
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TABLE 15-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
AND BROWN-OUT DETECT REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA<+125°C
P;a\::m Sym Characteristic Min Typt Max |Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — Ms |VDD =5V, -40°C to +85°C
11 18 24 ms |Extended temperature
31 TwDT  |Watchdog Timer Time-out 10 17 25 ms |VDD =5V, -40°C to +85°C
Period (No Prescaler) 10 17 30 ms |Extended temperature
32 TosT Oscillation Start-up Timer — | 1024Tosc | — — |Tosc = OSCL1 period
Period
33* TPWRT |Power-up Timer Period 28* 64 132* | ms |VDD =5V, -40°C to +85°C
TBD TBD TBD | ms |Extended Temperature
34 Tioz 1/0 High-impedance from — — 2.0 Us
MCLR Low or Watchdog Timer
Reset
VBOD Brown-out Detect Voltage 2.025 — 2175 V
35 TBOD Brown-out Detect Pulse Width | 100* — — Ms |VDD < VBoD (D005)

Legend: TBD = To Be Determined.
These parameters are characterized but not tested.

t Datain ‘Typ’ column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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FIGURE 15-7: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
| | |
S
TOCKI | | | | |
|= 40 - 41 | |
|
| |
| 42
|
| | i |
Y S
T1CKI
| | | | | |
| 45 . 46 - | |
| | |
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TMRO or |
TMR1 >|<
[
TABLE 15-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA < +125°C
P?\lr:m Sym Characteristic Min Typt| Max |Units| Conditions
40* |TtOH TOCKI High Pulse Width No Prescaler | 0.5Tcy+20 | — — ns
With Prescaler 10 — — ns
41* | TtOL TOCKI Low Pulse Width No Prescaler | 0.5Tcy +20 | — — ns
With Prescaler 10 — — ns
42* | TtOP TOCKI Period Greater of: — — ns [N = prescale
20 or Tcy + 40 value (2, 4,
N .oy 256)
45 | Tt1H T1CKI High Synchronous, No Prescaler 05Tcy+20 | — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
46* |TtlL T1CKI Low Synchronous, No Prescaler 05Tcy+20 | — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
47* |Tt1P T1CKI Input |Synchronous Greater of: — — ns |N = prescale
Period 30 or Tcy + 40 value (1, 2,
N 4,8)
Asynchronous 60 — — ns
Ft1 Timerl Oscillator Input Frequency Range DC — | 200* | kHz
(oscillator enabled by setting bit TLOSCEN)
48 |TCKEZtmrl |Delay from External Clock Edge to Timer 2 Tosc* — |7 Tosc*| —
Increment

* These parameters are characterized but not tested.

1t Datain ‘Typ’ column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
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FIGURE 15-8: CAPTURE/COMPARE/PWM TIMINGS (ECCP)

CCP1
(Capture mode) —m

' 51 —» !

50 '

52

CCP1
(Compare or PWM mode)

53 —.

- 54

Note: Refer to Figure 15-2 for load conditions.

TABLE 15-6: CAPTURE/COMPARE/PWM REQUIREMENTS (ECCP)

Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA<+125°C

P;a\lr:m Symbol Characteristic Min Typt|Max | Units | Conditions
50* Tecl CCP1 Input Low Time No Prescaler 05Tcy+20 | — | — ns
With Prescaler 20 — | — ns
51* TccH CCP1 Input High Time No Prescaler 05Tcy+20 | — | — ns
With Prescaler 20 — | — ns
52* TccP CCP1 Input Period 3Tcy + 40 — | — ns [N = prescale
N value (1, 4 or
16)
53* TccR CCP1 Output Rise Time — 25 | 50 ns
54* TccF CCP1 Output Fall Time — 25 | 45 ns

* These parameters are characterized but not tested.

t Datain ‘Typ’ column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

TABLE 15-7: COMPARATOR SPECIFICATIONS

Comparator Specifications Standa}rd Operating Conditior:s (unless othtoarwise stated)
Operating temperature -40°C < TA £ +125°C
Sym Characteristics Min Typ Max Units Comments

Vos Input Offset Voltage — +5.0 +10 mV

VcMm Input Common Mode Voltage 0 — VDD - 1.5 \%

CMRR Common Mode Rejection Ratio +55* — — db

TRT Response Time( — 150 400* ns

Tmc2coV | 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 (VDD — 1.5)/2 while the other input transitions from
Vss to VDD — 1.5V.
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TABLE 15-8: COMPARATOR VOLTAGE REFERENCE SPECIFICATIONS

Voltage Reference Specifications Standard Operating Conditions (unless otherwise stated)
9 P Operating temperature -40°C < TA < +125°C
Sym. Characteristics Min Typ Max Units Comments

Resolution — \V/DD/24* — LSb |Low Range (VRR =1)
— \VDD/32 — LSb |High Range (VRR = 0)

Absolute Accuracy — — + 1/4* LSb |Low Range (VRR =1)
— — + 1/2* LSb |High Range (VRR =0)

Unit Resistor Value (R) — 2K* — Q

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".

TABLE 15-9: PIC16F684 A/D CONVERTER CHARACTERISTICS:

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < Ta £ +125°C
P;a\lr:m Sym | Characteristic Min Typt Max Units Conditions
A01 NR Resolution — — 10 hits bit
A02 EaBs |Total Absolute — — +1 LSb |VREF =5.0V
Error<1)
AO03 EiL Integral Error — — +1 LSb |VREF =5.0V
A04 EpbL |Differential Error — — +1 LSb [No missing codes to 10 bits
VREF = 5.0V
AQ5 EFs |Full-scale Range 2.2 — 5.5*% \%
AO6 EoFrF |Offset Error — — +1 LSb |VREF =5.0V
A07 EGN |Gain Error — — +1 LSb |VREF = 5.0V
A10 — Monotonicity — | guaranteed® — — |Vss< VAINS VREF+
A20 VREF |Reference Voltage | 2.2 — — \%
A20A 25 VbD + 0.3 Absolute minimum to ensure 10-bit
accuracy
A25 VAIN [Analog Input Vss — VREF \%
Voltage
A30 ZAIN |Recommended — — 10 kQ
Impedance of
Analog Voltage
Source
A50 IREF  |VREF Input 10 — 1000 MA |During VAIN acquisition.
current<® Based on differential of VHOLD to
VAIN.
— — 10 MA |During A/D conversion cycle.

* These parameters are characterized but not tested.

1t 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. Total Absolute Error includes integral, differential, offset and gain errors.
2: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
3:  VREF current is from external VREF or VDD pin, whichever is selected as reference input.

4:  When A/D is off, it will not consume any current other than leakage current. The power-down current
specification includes any such leakage from the A/D module.
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FIGURE 15-9:

PIC16F684 A/D CONVERSION TIMING (NORMAL MODE)
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é#

OLD_DATA

NEW_DATA

<-— 1 Tcy

-— 1325_.

Sampling Stopped

DONE
,7

SLEEP instruction to be executed.

((
))

If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the

TABLE 15-10: PIC16F684 A/D CONVERSION REQUIREMENTS

-40°C < TA< +125°C

Standard Operating Conditions (unless otherwise stated)
Operating temperature

Pilrgm Sym Characteristic Min Typt Max Units Conditions
130 TAD A/D Clock Period 1.6 — — pUs |Tosc-based, VREF = 3.0V
3.0* — — pUs |Tosc-based, VRer full range
130 TAD A/D Internal RC ADCS<1:0> =11 (RC mode)
Oscillator Period 3.0* 6.0 9.0* Ms |At VoD = 2.5V
2.0* 4.0 6.0* pus |At VDD = 5.0V
131 TcNv - [Conversion Time — 11 — TAD |Set GO bit to new data in A/D Result
(not including register
Acquisition Time)™®
132 TAacQ |Acquisition Time 115 — us
5* — — Ms | The minimum time is the amplifier
settling time. This may be used if the
“new” input voltage has not changed
by more than 1 LSb (i.e., 4.1 mV @
4.096V) from the last sampled
voltage (as stored on CHOLD).
134 Tco |Q4to A/D Clock — Tosc/2 — — |If the A/D clock source is selected as
Start RC, atime of Tcy is added before
the A/D clock starts. This allows the
SLEEP instruction to be executed.
* These parameters are characterized but not tested.
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: ADRESH and ADRESL registers may be read on the following Tcy cycle.

See Table 9-1 for minimum conditions.
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FIGURE 15-10: PIC16F684 A/D CONVERSION TIMING (SLEEP MODE)
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Note 1: |If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 15-11: PIC16F684 A/D CONVERSION REQUIREMENTS (SLEEP MODE)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA £ +125°C

P;a\::m Sym Characteristic Min Typt Max | Units Conditions
130 TAD A/D Internal RC ADCS<1:0> =11 (RC mode)
Oscillator Period 3.0* 6.0 9.0* us |At VoD = 2.5V
2.0* 4.0 6.0* pus |At VDD = 5.0V
131 Tcny - |Conversion Time — 11 — TAD
(not including
Acquisition Time)®
132 TACQ |Acquisition Time ) 115 — us
5* — — us | The minimum time is the amplifier
settling time. This may be used if
the “new” input voltage has not
changed by more than 1 LSb (i.e.,
4.1 mV @ 4.096V) from the last
sampled voltage (as stored on
CHOLD).
134 TGo Q4 to A/D Clock — Tosc/2 + Tcy — — |If the A/D clock source is selected
Start as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

* These parameters are characterized but not tested.

1t 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. ADRES register may be read on the following Tcy cycle.
2: See Table 9-1 for minimum conditions.
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16.0 DC AND AC
CHARACTERISTICS GRAPHS
AND TABLES

Graphs are not available at this time.
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NOTES:
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17.0 PACKAGING INFORMATION

17.1 Package Marking Information

14-Lead PDIP (Skinny DIP) Example
XXXXXXXXXXXXXX 16F684-I
XXXXXXKXXXXXXXX
O & YYWWNNN O R\ 0415017
14-Lead SOIC Example
XXXXXXXXXXX 16F684-E
XXXXXXXXXXX
O R YYWWNNN O R 0415017
14-Lead TSSOP Example
XXXXXXXX 16F684
B YYWw R 0415
() NNN O o017

Legend: XX...X Customer specific information*
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*  Standard PICmicro device marking consists of Microchip part number, year code, week code, and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check
with your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP
price.
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17.2 Package Details

The following sections give the technical details of the packages.
14-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

"

N

=}
[N

(I rIrry
AL L L

A L A2
Sy it as
LT L

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 14 14

Pitch p .100 2.54

Top to Seating Plane A .140 .155 170 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 .145 2.92 3.30 3.68
Base to Seating Plane Al .015 0.38

Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Molded Package Width E1l .240 .250 .260 6.10 6.35 6.60
Overall Length D 740 750 .760 18.80 19.05 19.30
Tip to Seating Plane L 125 .130 .135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing §| eB .310 .370 430 7.87 9.40 10.92
Mold Draft Angle Top a 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 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-001

Drawing No. C04-005
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14-Lead Plastic Small Outline (SL) — Narrow, 150 mil (SOIC)

(-

o

}_‘ F;_T

N

1
INIRIRIRININ

[N

Lor—n  \ ‘Mirrroooo o
L? } -

A—I

Al
- 3
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 14 14

Pitch p .050 1.27

Overall Height A .053 .061 .069 1.35 1.55 1.75
Molded Package Thickness A2 .052 .056 .061 1.32 1.42 1.55
Standoff § Al .004 .007 .010 0.10 0.18 0.25
Overall Width E .228 .236 .244 5.79 5.99 6.20
Molded Package Width E1l .150 .154 .157 3.81 3.90 3.99
Overall Length D .337 .342 .347 8.56 8.69 8.81
Chamfer Distance h .010 .015 .020 0.25 0.38 0.51
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle (] 0 4 8 0 4 8
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top a 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-012

Drawing No. C04-065
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14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm (TSSOP)

' E
i E1 '
p
— —
— —
— —
— — D
L: —
—] O —2
n [ —
B

M~ a

A2

Tj
RN
T
LU
i(

e

Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 14 14

Pitch p .026 0.65

Overall Height A .043 1.10
Molded Package Thickness A2 .033 .035 .037 0.85 0.90 0.95
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Overall Width E .246 .251 .256 6.25 6.38 6.50
Molded Package Width E1l .169 173 177 4.30 4.40 4.50
Molded Package Length D .193 .197 .201 4.90 5.00 5.10
Foot Length L .020 .024 .028 0.50 0.60 0.70
Foot Angle @ 0 4 8 0 4 8
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .007 .010 .012 0.19 0.25 0.30
Mold Draft Angle Top [ef 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.005” (0.127mm) per side.

JEDEC Equivalent: MO-153

Drawing No. C04-087
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APPENDIX A: DATA SHEET
REVISION HISTORY
Revision A

This is a new data sheet.

Revision B

Rewrites of the Oscillator and Special Features of the
CPU Sections. General corrections to Figures and
formatting.

APPENDIX B:

MIGRATING FROM
OTHER PICmicro®

DEVICES

This discusses some of the issues in migrating from
other PICmicro devices to the PIC16F6XX Family of

devices.

B.1 PIC16F676 to PIC16F684

TABLE B-1: FEATURE COMPARISON
Feature PIC16F676 PIC16F684
Max Operating Speed 20 MHz 20 MHz
Max Program 1024 2048
Memory (Words)
SRAM (bytes) 64 128
A/D Resolution 10-bit 10-bit
Data EEPROM 128 256
(Bytes)
Timers (8/16-bit) 1/1 2/1
Oscillator Modes 8 8
Brown-out Detect Y Y
Internal Pull-ups RAQ/1/2/4/5 | RAQ/1/2/4/5,
MCLR
Interrupt-on-change RAO0/1/2/3/4/5 | RAO/1/2/3/4/5
Comparator 1 2
ECCP N Y
Ultra Low-Power N Y
Wake-up
Extended WDT N Y
Software Control N Y
Option of WDT/BOD
INTOSC Frequencies 4 MHz 32 kHz-
8 MHz
Clock Switching N Y
Note:  This device has been designed to perform

to the parameters of its data sheet. It has
been tested to an electrical specification
designed to determine its conformance
with these parameters. Due to process
differences in the manufacture of this
device, this device may have different
performance characteristics than its earlier
version. These differences may cause this
device to perform differently in your
application than the earlier version of this
device.
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INDEX
A
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Acquisition Requirements .. ..68

Analog Port Pins ...... ...63

Associated Registers ... 70

(21 oTe3 1Q BIT= To ] - o SRR 63
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Channel Selection...........cccoviiiiiiiin e 63

Configuration and Operation..........cccccceevevieeieeeeeesnnnnns 63

CONfIGUIING ..ot 67
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Conversion Clock..... ... 64

Effects of a Reset.. .69

Internal Sampling Switch (Rss) Impedance... ....68

Operation DUrNG SIEEP ....vuvvveeeeiiiiiiiieee e 69

OULPUL FOrMAL.......oeiiiieiiiiiiie e 65

Reference Voltage (VREF).......ccocieiiieeiiieee e 63

Source IMpedanCe........ccvvveveeeeiiiiiiieee e 68

Special Event Trigger.... .o ieiiriiiie e 69

Specifications........... .144, 145, 146

Starting @ CoNVErSION .........cevveeiiiiiieiiee e e e 64

Using the ECCP THOQEr ....cueveiiiiieeiiie et 69
Absolute Maximum Ratings ........cccocvveeriieiiniiie e 127
AC Characteristics

Industrial and Extended .............cccoovieiiiiieeiiieeee. 137

Load ConditioNS .........coceeeriiiiiiiiieeeee e 136
ADCONO REQISEEI .. iiiieieeee et 66
ADCONL REGISTEI ....eiiiiiiiieciiiie ettt 66
Analog Front-end (AFE)

POWEr-ON RESEL ......vveiiiiieiiee e 95
Analog Input Connection Considerations.............ccccceeveenne 56
Analog-to-Digital Converter. See A/D
ANSEL REQISIEI ...ceiiiieieee et 65
Assembler

MPASM ASSEMDIEr........coiiiiiiiiiiieeee e 121
B
Block Diagrams

AID e 63

Analog Input Model..... 56, 68

Capture Mode Operation ... .76

Comparator 1.............. ....58

COMPATALOr 2 ...t 58

Comparator MOUES ......ccvvviieiiee i 57

Comparator Voltage Reference (CVREF) .....ccccceeevvnnee 60

COMPATE ..ottt 77

Fail-Safe Clock Monitor (FSCM) .......c.covcvvveeeeeiiiiiinns 27

In-Circuit Serial Programming Connections.............. 109

INEEITUPL LOGIC ...veeiieieie et 102

MCLR CiFCUIL.....oie it 95

On-Chip Reset Circuit. ...94

PICLBFB8A ... ..ottt 5

PWM (Enhanced).........ccccooiiiieniiiieiiie e 78

RAD PiNS ... 35

RAL PiNS ...t 36

RA2 Pin. Y

RA3 Pin. Y

RA4 Pin. ... 38

RASB PN 38

RCO and RCL PiNS....ccocoieiiiiieiiieie e 40

RC2 and RC3 PiNS.....cocoiiiiiiiieiiiee e 41

RCA PNt 41

RCS5 PN 42

Resonator Operation...........cccceevueeeeniieeiniieee e 21

SYSEM CIOCK. ...eeveeieee e 19
Timerl ......... ... 49
TIMer2 ...coovvieeeiieeee, ... 54
TMRO/WDT Prescaler ... ... 45
Watchdog Timer (WDT)......cooiriiiriiieeeiieeeeieee e 105

Brown-out Detect (BOD)........uceaiiiieiriieee e 96
ASSOCIALEA .....eeiieiiee e 97
Calibration ........cccooiceiieiiiie e 96
SPECIfICALIONS ....eeeiiieie ettt 141
Timing and CharacteristiCS .........cocovvvvviveeeiiiiiiieeennn, 140

C

C Compilers
MPLAB CL7 ..ttt 122
MPLAB CL8......iiiiiiitiiiiieeeiie ettt 122
MPLAB C30. .122

CALIB Register ...
Calibration BitS..........ccoeiiiieniiiiee e 93
Capture Module. See Enhanced
Capture/Compare/PWM (ECCP)
CCPLCON REQISIEN ...ciieeieiieiieie et 75
CCPRIH REQISTEN ..uuiiiieeieiiieieiie et 75
CCPRI1L Register ...
CMCONO Register..
CMCONI REGISIEN ...eeiiie ettt 59
Code Examples
Assigning Prescaler to Timer0.........cccccveeeviiiiieeeeennnns 47
Assigning Prescaler to WDT.......cooccveeveeeeniiiiiieieeeee 47
Changing Between Capture Prescalers ..................... 76
Data EEPROM Read.........ccccoviieiiieiiieceeee e 73
Data EEPROM WIIe ......ccocuvviiiiieeiei e 73
Indirect Addressing.....
Initializing A/D..............
Initializing PORTA ...
Initializing PORTC ..ot
Saving Status and W Registers in RAM ................... 104
Ultra Low-Power Wake-up Initialization...................... 34
WItE VT ..
Code ProteCtion.........cceecveeivieeiiee e
Comparator Voltage Reference (CVREF)
ACCUTACY/EITON .....uveiiiiiiiiiiieeeeee e .
Associated registers ........oocvvvvveeeieiiiiieeee e
(0] o1l [0 ¢ o PSSR
Effects of @ RESEet ......cceeviiiiiiiiiieie e
ReSpONSe TiME ..o
SPeCIfiCationS ........oveeiiiiiiiieie e
COMPATALOIS ...ttt
Associated Registers
C20UT as T1 Gate........
Configurations ............
Effects of @ RESEt ......cccvveiiiiiiiiiee e
INTEITUPLS ottt
(@011 -1 1o s PPV PTPRO
Operation DUring SIEEP .......cocueeriiiiieiiiiie e
[©]1]10 10 JA
Response Time ....
Specifications .........ccceevieieiiieeennnnn. .
Synchronizing C20UT W/ Timerl .......ccccoccvveereerinnnnns
Compare Module. See Enhanced
Capture/Compare/PWM (ECCP)

CONFIG REQGISIEN ...vvvvvieeieiiieiiiie et 92
Configuration BitS .........cocueieiiiiieeiiii e 92
CPU FEAIUIES ...ttt 91
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PICDEM.net Internet/Ethernet ...........ccccceeevvveeeeennnn. 124
Development SUPPOIt ........cooiiieiiiiie et 121
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EEDAT REQISIEI ....ueviiiieeeiiiiie et
EEPROM Data Memory
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape® or Microsoft®
Internet Explorer. Files are also available for FTP
download from our FTP site.

Connecting to the Microchip Internet
Web Site

The Microchip web site is available at the following
URL:

www.microchip.com

The file transfer site is available by using an FTP
service to connect to:

ftp://fftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User’s Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

 Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

» Design Tips

» Device Errata

« Job Postings

« Microchip Consultant Program Member Listing

« Links to other useful web sites related to
Microchip Products

» Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events

SYSTEMS INFORMATION AND
UPGRADE HOT LINE

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip’s development systems software products.
Plus, this line provides information on how customers
can receive the most current upgrade kits. The Hot Line
Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

042003
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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:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: PIC16F684 Literature Number: DS41202C

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. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX XXX

‘|' —|— —l— Examples:
Device Temperature Package Pattern a) PIC16F684-E/P 301 = Extended Temp., PDIP
Range package, 20 MHz, QTP pattern #301
b)  PIC16F684-1/SO = Industrial Temp., SOIC
package, 20 MHz
Device 16F: Standard VDD range

16FT: (Tape and Reel)

-40°Cto +85°C
-40°Cto +125°C

Temperature Range |

Package P = PDIP
SL = SOIC (Gull wing, 150 mil body)
ST = TSSOP(4.4 mm)

Pattern 3-Digit Pattern Code for QTP (blank otherwise)

* JW Devices are UV erasable and can be programmed to any device configuration. JW Devices meet the electrical requirement of
each oscillator type.
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1 Floor, Wing A (A3/A4)
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Tel: 91-80-22290061 Fax: 91-80-22290062
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3-18-20, Shinyokohama
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Germany

Steinheilstrasse 10
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