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PIC16F684

16-Pin Diagram (QFN)
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TABLE 2: QFN PIN SUMMARY
I/O Pin Analog Comparators | Timers CCP Interrupts | Pull-ups Basic
RAO 12 ANO C1IN+ — — I0C Y ICSPDAT/ULPWU
RA1 11 AN1/VREF C1IN- — — I0C Y ICSPCLK
RA2 10 AN2 CiouT TOCKI — INT/IOC Y —
RAZM | 3 — — — — loc Y@ MCLR/VPP
RA4 2 AN3 — T1G — I0C Y OSC2/CLKOUT
RA5 1 — — T1CKI — I0C Y OSC1/CLKIN
RCO 9 AN4 C2IN+ — — — — —
RC1 8 AN5 C2IN- — — — — —
RC2 7 AN6 — — P1D — — —
RC3 6 AN7 — — Pi1C — — —
RC4 5 — C20UT — P1B — — —
RC5 4 — — — CCP1/P1A — — —
— 16 — — — — — — VDD
— 13 — — — — — — Vss
Note 1: Input only.
2:  Only when pin is configured for external MCLR.
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PIC16F684

TABLE 2-2: PIC16F684 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1

Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\’OE‘;LfEB%”R Page
Bank 1

80h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XxxX |19, 104
8ih |opTioN REG| RAPU | INTEDG | Tocs | Ttose | psa | ps2 | pst | pso [1111 111114, 104
82h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 |19, 104
83h | STATUS rp® | rRP® | reo | 76 | PO | z | pbc | ¢ 0001 1xxx |13, 104
84h FSR Indirect Data Memory Address Pointer XXXX XXxX |19, 104
85h | TRISA — | — | trisas | Trisa4 | TRisa3 | TRisA2 | TRISAL | TRISAO |--11 111131, 104
86h — Unimplemented — —
87h | TRISC — | — | Triscs | trisca | TtRisc3 | TRiscz | TRisci | TRISCO |--11 111140, 104
88h — Unimplemented — —
89h — Unimplemented — —
8Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 |19, 104
8Bh INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 |15, 104
8Ch PIE1 EEIE ADIE CCP1IE C2IE ClIE OSFIE TMR2IE TMRI1IE | 0000 0000 |16, 104
8Dh — Unimplemented — —
8Eh | PCON = = ULPWUE | SBOREN = = POR BOR |--01 --qq|18, 104
8Fh | OSCCON — IRCF2 IRCF1 IRCFO | 0sTs® HTS LTS SCS | -110 x000 |20, 104
90h OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO ---0 0000 |24, 105
91h ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 |32, 105
92h PR2 Timer2 Module Period Register 1111 1111 |53, 105
93h — Unimplemented — —
94h — Unimplemented — —
95h | wPUA®) — — WPUA5 | WPUA4 — WPUA2 | WPUAL | WPUAO |--11 -111 |33, 105
96h IOCA — — I0CA5 I0CA4 I0CA3 I0CA2 I0CA1 I0CAO0 --00 0000 |33, 105
97h — Unimplemented — —
98h — Unimplemented — —
9%h VRCON VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 |63, 105
9Ah EEDAT EEDAT7 EEDAT6 EEDAT5 EEDAT4 EEDAT3 EEDAT2 EEDAT1 EEDATO | 0000 0000 |75, 105
9Bh EEADR EEADR7 EEADR6 | EEADR5 | EEADR4 | EEADR3 EEADR2 | EEADR1 | EEADRO | 0000 0000 |75, 105
9Ch EECON1 — — — — WRERR WREN WR RD ---- x000 |76, 105
9Dh EECON2 EEPROM Control Register 2 (not a physical register) ---- ----176, 105
9Eh ADRESL Least Significant 2 bits of the left shifted result or 8 bits of the right shifted result XXXX XxxX |71, 105
9Fh ADCON1 — ADCS2 ADCS1 ADCSO0 — — — — -000 ----[70, 105
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented
Note 1: IRP and RP1 bits are reserved, always maintain these bits clear.

2: OSTS bit of the OSCCON register reset to ‘0’ with Dual Speed Start-up and LP, HS or XT selected as the oscillator.
3:  RA3 pull-up is enabled when MCLRE is ‘1’ in the Configuration Word register.
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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.

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 of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GIE PEIE TOIE INTE RAIE TOIF INTF RAIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: Timer0O Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the TimerO0 interrupt
bit 4 INTE: RA2/INT External Interrupt Enable bit
1 = Enables the RA2/INT external interrupt
0 = Disables the RA2/INT external interrupt
bit 3 RAIE: PORTA Change Interrupt Enable bit(1)
1 = Enables the PORTA change interrupt
0 = Disables the PORTA change interrupt
bit 2 TOIF: TimerO Overflow Interrupt Flag bit(®
1 = TimerO register has overflowed (must be cleared in software)
0 = TimerO register did not overflow
bit 1 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
bit 0 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: |10OCA register must also be enabled.

2: TOIF bit is set when TMRO rolls over. TMRO is unchanged on Reset and should be initialized before
clearing TOIF bit.

© 2007 Microchip Technology Inc. DS41202F-page 13
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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 Reset (BOR)

e Watchdog Timer Reset (WDT)
e External MCLR Reset

The PCON register also controls the Ultra Low-Power
Wake-up and software enable of the BOR.

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

REGISTER 2-6: PCON: POWER CONTROL REGISTER
U-0 u-0 R/W-0 R/W-1 U-0 U-0 R/W-0 R/W-x
— — ULPWUE SBOREN — — POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 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 SBOREN: Software BOR Enable bit®

1 = BOR enabled
0 = BOR 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 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset

occurs)

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

DS41202F-page 16

© 2007 Microchip Technology Inc.




PIC16F684

REGISTER 4-4: WPUA: WEAK PULL-UP PORTA REGISTER

U-0 u-0 R/W-1 R/W-1 U-0 R/W-1 R/W-1 R/W-1

— — WPUAS WPUA4 — WPUA2 WPUA1 WPUAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 WPUA<5:4>: Weak Pull-up Control bits

1 = Pull-up enabled
0 = Pull-up disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WPUA<2:0>: Weak Pull-up Control bits

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 RA3 pull-up is enabled when configured as MCLR and disabled as an I/O in the Configuration Word.
4: WPUA<5:4> always reads ‘1’ in XT, HS and LP OSC modes.

REGISTER 4-5: IOCA: INTERRUPT-ON-CHANGE PORTA REGISTER

U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — IOCA5 I0CA4 IOCA3 IOCA2 IOCA1 IOCAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 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. 10CA<5:4> always reads ‘1’ in XT, HS and LP OSC modes.

© 2007 Microchip Technology Inc. DS41202F-page 33
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4.3.5

following:

RC4/C20UT/P1B
The RC4 is configurable to function as one of the

« ageneral purpose I/O
« adigital output from the comparator
« adigital output from the Enhanced CCP

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
Note: Enabling both C20UT and P1B will cause PIN
a conflict on RC4 and create unpredictable
results. Therefore, if C20UT is enabled, Data bus
the ECCP can not be used in Half-Bridge
or Full-Bridge mode and vice-versa. CCP10OUT VDD
D Q Enable
FIGURE 4-9: BLOCK DIAGRAM OF RC4 WR ¢pCK 5
PORTC ~
C20UT EN 1/0 Pin
CCPOUT EN D Q
C20UT EN Voo WR oK =
C20UT TRISC ~ @
CCPOUT EN
CCPOUT RD Jﬂj
- ) TRISC
Data Bus 1/0 Pin M
D RD
WR CK = PORTC
porTC P <L Q vss
To Enhanced CCP /_/|
~J
D Q
WR —
TRIsSCTP K Qe
RD _‘ﬂj
TRISC
!
RD
PORTC
Note 1: Port/Peripheral Select signals selects between
port data and peripheral output.
TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
value on: Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 | 1111 1111
CMCONO | C20UT | C10UT C2INV C1lINV CIS CM2 CM1 CMO 0000 0000 | 0000 0000
PORTC — — RC5 RC4 RC3 RC2 RC1 RCO --xx 0000 | --uu uu00
TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 TRISC1 | TRISCO | --11 1111 | --11 1111
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
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513 SOFTWARE PROGRAMMABLE
PRESCALER

A single software programmable prescaler is available
for use with either TimerO or the Watchdog Timer
(WDT), but not both simultaneously. The prescaler
assignment is controlled by the PSA bit of the OPTION
register. To assign the prescaler to Timer0, the PSA bit
must be cleared to a ‘0.

There are 8 prescaler options for the Timer0O module
ranging from 1:2 to 1:256. The prescale values are
selectable via the PS<2:0> bits of the OPTION register.
In order to have a 1:1 prescaler value for the TimerO
module, the prescaler must be assigned to the WDT
module.

The prescaler is not readable or writable. When
assigned to the Timer0 module, all instructions writing to
the TMRO register will clear the prescaler.

When the prescaler is assigned to WDT, a CLRWDT
instruction will clear the prescaler along with the WDT.

5.1.31 Switching Prescaler Between
Timer0 and WDT Modules

As a result of having the prescaler assigned to either
Timer0 or the WDT, it is possible to generate an
unintended device Reset when switching prescaler
values. When changing the prescaler assignment from
TimerO to the WDT module, the instruction sequence
shown in Example 5-1 must be executed.

EXAMPLE 5-1: CHANGING PRESCALER
(TIMERO — WDT)

BANKSEL TMRO ;

CLRWDT ;Clear WDT
CLRF TMRO ;Clear TMRO and
; prescaler
BANKSEL OPTION_REG ;
BSF OPTION REG,PSA ;Select WDT
CLRWDT ;
i
MOVLW b’11111000" ;Mask prescaler
ANDWF OPTION_REG, W ; bits
IORLW b’00000101" ;jSet WDT prescaler
MOVWF OPTION_REG ; to 1:32

When changing the prescaler assignment from the
WDT to the Timer0 module, the following instruction
sequence must be executed (see Example 5-2).

EXAMPLE 5-2: CHANGING PRESCALER
(WDT — TIMERO)
CLRWDT ;Clear WDT and
;prescaler

BANKSEL OPTION_REG ;
MOVLW b’11110000° ;Mask TMRO select and
ANDWFE OPTION_REG,W ; prescaler bits
IORLW b’00000011" ;Set prescale to 1:16

MOVWF OPTION_REG ;

5.14 TIMERO INTERRUPT

TimerQ0 will generate an interrupt when the TMRO
register overflows from FFh to 00h. The TOIF interrupt
flag bit of the INTCON register is set every time the
TMRO register overflows, regardless of whether or not
the TimerO interrupt is enabled. The TOIF bit must be
cleared in software. The TimerO interrupt enable is the
TOIE bit of the INTCON register.

Note:  The TimerO interrupt cannot wake the
processor from Sleep since the timer is
frozen during Sleep.

5.1.5 USING TIMERO WITH AN
EXTERNAL CLOCK

When TimerO0 is in Counter mode, the synchronization
of the TOCKI input and the TimerO register is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, the
high and low periods of the external clock source must
meet the timing requirements as shown in
Section 15.0 “Electrical Specifications”.

DS41202F-page 44

© 2007 Microchip Technology Inc.



PIC16F684

8.2 Comparator Configuration

There are eight modes of operation for the comparator.
The CM<2:0> bits of the CMCONO register are used to
select these modes as shown in Figure 8-5. 1/O lines
change as a function of the mode and are designated
as follows:

« Analog function (A): digital input buffer is disabled

« Digital function (D): comparator digital output,
overrides port function

« Normal port function (I/0): independent of
comparator

FIGURE 8-5:

The port pins denoted as “A” will read as a ‘0’
regardless of the state of the I/O pin or the I/O control
TRIS bit. Pins used as analog inputs should also have
the corresponding TRIS bit set to ‘1’ to disable the
digital output driver. Pins denoted as “D” should have
the corresponding TRIS bit set to ‘0’ to enable the
digital output driver.

Note:  Comparator interrupts should be disabled
during a Comparator mode change to
prevent unintended interrupts.

COMPARATOR I/0 OPERATING MODES

Comparators Reset (POR Default Value)
CM<2:0> =000

Two Independent Comparators
CM<2:0> =100

C1IN- A VIN-D o CLIN- A VIN-I™
C1l Off C1l0ouUT
cln+ A VINH cuns A VN, Cl
C2IN- A VIN-|™ " C2IN- A VIN-|™
Off C20UT
Coine A ViNH | €2 Coine A VINH, C2
Three Inputs Multiplexed to Two Comparators One Independent Comparator
CM<2:0> =001 CM<2:0> =101
A -
CIN- —— (Cj5=0  ViN-]> cin- O VIN-i® o
A - =
cun+ A, CIS=1 VIN++ c1 C10UT CliNe VO VIN++ C1 Off
can- A ViN-| > con- A VN2
C20UT Cc2 C20UT
caiN+ A Viny | €2 caine A VINHL

Four Inputs Multiplexed to Two Comparators
CM<2:0> =010

A
CIN- = cls=0 V-
ClN+ Ao CIS=1

VIN+H C10uT

ca2iN+ Ao CIS=1 VIN+ C20UT

C1
>
C2IN- —o° cis=0| V- >
Cc2
+

From CVREF Module

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

C1IN- A VIN-]

VINH Cc1l0ouT

C10UT(pin) D

C1
>T
can- A VIN-| >
A V|N++ C2 C20UT

C2IN+

C20UT(pin) B

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

c1 c10uUT
cin+ JO  VINh
con- A VIN-| >

c2 C20UT
Cc2iIN+ A V|N++

Comparators Off (Lowest Power)

CM<2:0>=111
ClN- O VIN-|™
clN+ O V|N+> off@
caiN. MO QVIN-| ™
cain+e O VIN+> off»

Legend: A = Analog Input, ports always reads ‘0’
I/O = Normal port I1/10

Note 1: Reads as ‘0’, unless CxINV = 1.

CIS = Comparator Input Switch (CMCONO0<3>)
D = Comparator Digital Output

DS41202F-page 58
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9.3 A/D Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHoLD) must be allowed to fully
charge to the input channel voltage level. The Analog
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) impedance
varies over the device voltage (VDD), see Figure 9-4.
The maximum recommended impedance for analog
sources is 10 kQ. As the source impedance is
decreased, the acquisition time may be decreased.
After the analog input channel is selected (or changed),
an A/D acquisition must be done before the conversion
can be started. To calculate the minimum acquisition
time, Equation9-1 may be used. This equation
assumes that 1/2 LSb error is used (1024 steps for the
ADC). The 1/2 LSb error is the maximum error allowed
for the ADC to meet its specified resolution.

EQUATION 9-1: ACQUISITION TIME EXAMPLE

Assumptions;  Temperature = 50°C and external impedance of 10k<2 5.0V VDD

TAcQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
TAmMP + TC + TCOFF
Bus+ Tc + [(Temperature - 25°C)(0.05us/°C)]

The value for Tc can be approximated with the following equations:

VaPPLI ED(l - L) = VcHoLD ;[1] VcHoLD charged to within 1/2 Isb
2047
—Tc
VAPPLI ED(]_ — eRCJ = VCHOLD ;[2] VcHoLD charge response to VAPPLIED
—Tc
VappLien| 1—eRC | = VAPPLIED(l——l‘) ;combining [1] and [2]
2047
Solving for Tc:

Tc = —CHoLb(RIC + Rss+ Rs) In(1/2047)
= —10pF(1kQ+ 7k2+ 10k£2) In(0.0004885)

= 1.37us
Therefore:
TACQ = 5us+ 1.37us+ [(50°C- 25°C)(0.05us/°C)]
= 7.67us

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.

DS41202F-page 72 © 2007 Microchip Technology Inc.
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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 CCP module may:

¢ Toggle the CCP1 output

¢ Set the CCP1 output

¢ Clear the CCP1 output

* Generate a Special Event Trigger

« Generate a Software Interrupt

The action on the pin is based on the value of the
CCP1M<3:0> control bits of the CCP1CON register.

All Compare modes can generate an interrupt.
FIGURE 11-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCP1CON<3:0>
Mode Select

Set CCPL1IF Interrupt Flag

(PIR1)
\V/
4

CCP1 4
Pin

Q SH Output
R Logic Match

TRIS
Output Enable

Special Event Trigger

Special Event Trigger will:

* Clear TMR1H and TMRLL registers.

« NOT set interrupt flag bit TMR1IF of the PIR1 register.
» Set the GO/DONE bit to start the ADC conversion.

11.2.1 CCP1 PIN CONFIGURATION

The user must configure the CCP1 pin as an output by
clearing the associated TRIS bit.

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

data latch.

11.2.2 TIMER1 MODE SELECTION

In Compare mode, Timerl must be running in either
Timer mode or Synchronized Counter mode. The
compare operation may not work in Asynchronous
Counter mode.

11.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen
(CCP1M<3:0>=1010), the CCP module does not
assert control of the CCP1 pin (see the CCP1CON
register).

11.2.4 SPECIAL EVENT TRIGGER

When Special Event Trigger mode is chosen
(CCP1M<3:0>=1011), the CCP module does the
following:

* Resets Timerl
« Starts an ADC conversion if ADC is enabled

The CCP module does not assert control of the CCP1
pin in this mode (see the CCP1CON register).

The Special Event Trigger output of the CCP occurs
immediately upon a match between the TMRI1H,
TMRI1L register pair and the CCPR1H, CCPRI1L
register pair. The TMR1H, TMRLL register pair is not
reset until the next rising edge of the Timer1 clock. This
allows the CCPR1H, CCPRI1L register pair to
effectively provide a 16-bit programmable period
register for Timerl.

Note 1: The Special Event Trigger from the CCP
module does not set interrupt flag bit
TMRL1IF of the PIR1 register.

2: Removing the match condition by
changing the contents of the CCPR1H
and CCPRLL register pair, between the
clock edge that generates the Special
Event Trigger and the clock edge that
generates the Timerl Reset, will preclude
the Reset from occurring.

© 2007 Microchip Technology Inc.

DS41202F-page 81



PIC16F684

FIGURE 12-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —/
MCLR —
Internal POR H

PWRT Time-out

OST Time-out

Internal Reset

, TPWRT:

~—TOST—>

PWRT Time-out

OST Time-out

Internal Reset

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

! TPWRT

'<—TosT—= '

PWRT Time-out

OST Time-out

Internal Reset

FIGURE 12-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD)
VDD —/
MCLR o
Internal POR ﬂ

TPWRT

~TosT—=
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FIGURE 15-1: PIC16F684 VOLTAGE-FREQUENCY GRAPH,
-40°C <TA <£+125°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 15-2: HFINTOSC FREQUENCY ACCURACY OVER DEVICE Vbb AND TEMPERATURE
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15.5 DC Characteristics:

PIC16F684-I (Industrial)
PIC16F684-E (Extended)

DC CHARACTERISTICS

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

Operating temperature

Param — . . L.
No 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
DO030A Vss — | 0.15 VbD V  |2.0V<VDD<4.5V
D031 with Schmitt Trigger buffer Vss — 0.2 VDD V |2.0V<VDD<55V
D032 MCLR, OSC1 (RC mode)® Vss — | o02vop | V
D033 OSC1 (XT and LP modes) Vss — 0.3 \Y
DO033A OSC1 (HS mode) Vss — 0.3 VDD \
VIH Input High Voltage
1/0 ports: —
D040 with TTL buffer 2.0 — VDD V |45V <VDD <55V
DO040A 0.25 VoD + 0.8 — VDD V  |2.0V<VDD<4.5V
D041 with Schmitt Trigger buffer 0.8 VDD — VDD V |2.0V<VDD<55V
D042 MCLR 0.8 VbD — VDD \Y
D043 OSC1 (XT and LP modes) 1.6 — VDD \%
DO43A OSC1 (HS mode) 0.7 VDD — VDD \%
D043B OSC1 (RC mode) 0.9 VDD — VDD V  |(Note 1)
liL Input Leakage Current®
D060 1/O ports — +0.1 +1 HA  |VSS < VPIN < VDD,
Pin at high-impedance
D061 MCLR® — 5 HA  |Vss < VPIN < VDD
D063 0scC1 — +0.1 +5 UA |Vss < VPIN £VDD, XT, HS and
LP oscillator configuration
DO70* |IPUR PORTA Weak Pull-up Current 50 250 400 HA |VDD = 5.0V, VPIN = VSS
VoL Output Low Voltage®
D080 1/0 ports — — 0.6 V |loL=8.5mA, VDD =4.5V (Ind.)
VOH Output High Voltage®
D090 1/0 ports VoD - 0.7 — — V  |loH =-3.0 mA, VDD = 4.5V (Ind.)
* 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.
5: Including OSC2 in CLKOUT mode.

© 2007 Microchip Technology Inc.

DS41202F-page 135




PIC16F684

15.8 AC Characteristics: PIC16F684 (Industrial, Extended)

FIGURE 15-4: CLOCK TIMING
i Q4 i Q1 ; Q2 i Q3 Q4 : Q1 !
: : I : ; _ |
OSC1/CLKIN wm
'-— O0S02— -— - . L
! . 0S04  0S04 !
- 0S03 >
0SC2/CLKOUT
0SC2/CLKOUT
(CLKOUT Mode)
TABLE 15-1: CLOCK OSCILLATOR TIMING REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C
Pilr:m Sym Characteristic Min Typt Max Units Conditions
0S01 |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) — 32.768 — kHz |LP Oscillator mode
0.1 — 4 MHz | XT Oscillator mode
1 — 20 MHz |HS Oscillator mode
DC — 4 MHz |RC Oscillator mode
0S02 |[Tosc |External CLKIN Period® 27 — . us  |LP Oscillator mode
250 — . ns | XT Oscillator mode
50 — . ns HS Oscillator mode
50 — . ns EC Oscillator mode
Oscillator Period® — 30.5 — us  |LP Oscillator mode
250 — 10,000 ns | XT Oscillator mode
50 — 1,000 ns HS Oscillator mode
250 — — ns RC Oscillator mode
0S03 |Tey Instruction Cycle Time® 200 Tcy DC ns |Tcy = 4/Fosc
0S04* |TosH, |External CLKIN High, 2 — — us LP oscillator
TosL External CLKIN Low 100 _ _ ns |XT oscillator
20 — — ns HS oscillator
0OS05* |[TosR, |External CLKIN Rise, 0 — . ns LP oscillator
TosF External CLKIN Fall 0 — . ns XT oscillator
0 — . 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 15-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER

AND BROWN-OUT RESET PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA<+125°C

Pilr:m Sym Characteristic Min Typt Max |Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — us |VDD =5V, -40°C to +85°C
5 — — us |VbbD =5V
31 TwDT Watchdog Timer Time-out 10 16 29 ms |VDD =5V, -40°C to +85°C
Period (No Prescaler) 10 16 31 ms |VDD =5V
32 TosT Oscillation Start-up Timer — 1024 — | Tosc |(NOTE 3)
Period™® )
33* TPwWRT |Power-up Timer Period 40 65 140 | ms
34* Tioz I/O High-impedance from — — 2.0 us
MCLR Low or Watchdog Timer
Reset

35 VBOR Brown-out Reset Voltage 2.0 — 2.2 V |(NOTE4)

36* VHYST |Brown-out Reset Hysteresis — 50 — mV

37* TBOR Brown-out Reset Minimum 100 — — us |VDD < VBOR

Detection Period
* 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 oper-
ation and/or higher than expected current consumption. All devices are tested to operate at ‘min’ values
with an external clock applied to the OSC1 pin. When an external clock input is used, the ‘max’ cycle time
limitis ‘DC’ (no clock) for all devices.

2: By design.
3:  Period of the slower clock.
4: To ensure these voltage tolerances, VDD and Vss must be capacitively decoupled as close to the device as

possible. 0.1 uF and 0.01 uF values in parallel are recommended.
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FIGURE 15-8: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
[ | |
R R S
TOCKI | z | |
| 40 - 41 | |
| |
|‘ 42 'l
|
| I | I
T1CKI | z X |
| 45 o 46 ~ | |
| | |
| 47 : 49 |
|
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

Pzr: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 value
20 or Tcy + 40 (2,4, ..., 256)
N
45* TT1H T1CKI High [Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
46* TTlL T1CKI Low |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
47* TT1P T1CKIl Input | Synchronous Greater of: — — ns [N = prescale value
Period 30 or Tcy + 40 1,2,4,8)
N
Asynchronous 60 — — ns
48 Frl Timerl Oscillator Input Frequency Range — 32.768 — kHz
(oscillator enabled by setting bit TLOSCEN)
49* TCKEZTMR1 |Delay from External Clock Edge to Timer 2 Tosc — 7 Tosc — |Timers in Sync
Increment mode

*  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 16-16: BOR IPD vs. VDD OVER TEMPERATURE
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FIGURE 16-17: TYPICAL WDT Ipp vs. VDD OVER TEMPERATURE
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FIGURE 16-20: WDT PERIOD vs. TEMPERATURE OVER VDD (5.0V)
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FIGURE 16-21: CVREF IPD vs. VDD OVER TEMPERATURE (HIGH RANGE)
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