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PIC16F684

3.4.4 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 OSC1.
OSC2/CLKOUT 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 external RC mode connections.

FIGURE 3-5: EXTERNAL RC MODES
VoD PIC® MCU
REXT
OSCl/CLL(IN Internal

Z Clock
CEXTJI‘ l] >

Vss =

Foscl4 or <+— 0SC2/CLKOUT®
/0@

Recommended values: 10 kQ < REXT <100 kQ, <3V
3 kQ < REXT £ 100 kQ, 3-5V
CEXT > 20 pF, 2-5V

Note 1: Alternate pin functions are listed in
Section 1.0 “Device Overview”.
2:  Output depends upon RC or RCIO Clock
mode.

In RCIO mode, the RC circuit is connected to OSC1.
OSC2 becomes an additional general purpose I/O pin.

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
» component tolerances
» packaging variations in capacitance

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

35 Internal Clock Modes

The Oscillator module 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 via software using the OSCTUNE
register (Register 3-2).

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

The system clock speed can be selected via software
using the Internal Oscillator Frequency Select bits
IRCF<2:0> of the OSCCON register.

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bit of the OSCCON register. See Section 3.6
“Clock Switching” for more information.

3.5.1 INTOSC AND INTOSCIO MODES

The INTOSC and INTOSCIO modes configure the
internal oscillators as the system clock source when
the device is programmed using the oscillator selection
or the FOSC<2:0> bits in the Configuration Word
register (CONFIG).

In INTOSC mode, OSC1/CLKIN is available for general
purpose 1/0. OSC2/CLKOUT outputs the selected
internal oscillator frequency divided by 4. The CLKOUT
signhal may be used to provide a clock for external
circuitry, synchronization, calibration, test or other
application requirements.

In INTOSCIO mode, OSC1/CLKIN and OSC2/CLKOUT
are available for general purpose /0.

3.5.2 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 8 MHz internal clock source. The
frequency of the HFINTOSC can be altered via
software using the OSCTUNE register (Register 3-2).

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<2:0> bits of the OSCCON register. See
Section 3.5.4 “Frequency Select Bits (IRCF)" for
more information.

The HFINTOSC is enabled by selecting any frequency
between 8 MHz and 125 kHz by setting the IRCF<2:0>
bits of the OSCCON register # 000. Then, set the
System Clock Source (SCS) bit of the OSCCON
register to ‘1’ or enable Two-Speed Start-up by setting
the IESO bit in the Configuration Word register
(CONFIG) to ‘1.

The HF Internal Oscillator (HTS) bit of the OSCCON
register indicates whether the HFINTOSC is stable or not.

© 2007 Microchip Technology Inc.

DS41202F-page 23



PIC16F684

3.5.21 OSCTUNE Register

The HFINTOSC is factory calibrated but can be
adjusted in software by writing to the OSCTUNE
register (Register 3-2).

The default value of the OSCTUNE register is ‘0’. The
value is a 5-bit two’s complement number.

When the OSCTUNE register is modified, the
HFINTOSC frequency will begin shifting to the new
frequency. 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 3-2: OSCTUNE: OSCILLATOR TUNING REGISTER
U-0 uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — TUN4 TUN3 TUN2 TUN1 TUNO
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 7-5 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

DS41202F-page 24
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3.5.3 LFINTOSC

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

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 3-1). Select 31 kHz, via
software, using the IRCF<2:0> bits of the OSCCON
register. See Section 3.5.4 “Frequency Select Bits
(IRCF)” for more information. 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<2:0> hits of the OSCCON register = 000) as the
system clock source (SCS bit of the OSCCON
register = 1), or when any of the following are enabled:

« Two-Speed Start-up IESO bit of the Configuration
Word register = 1 and IRCF<2:0> hits of the
OSCCON register = 000

e Power-up Timer (PWRT)

e Watchdog Timer (WDT)

« Fail-Safe Clock Monitor (FSCM)

The LF Internal Oscillator (LTS) bit of the OSCCON

register indicates whether the LFINTOSC is stable or
not.

3.54 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> of the OSCCON register select
the frequency output of the internal oscillators. One of
eight frequencies can be selected via software:

* 8 MHz

e 4 MHz (Default after Reset)

e 2MHz

e 1 MHz

e 500 kHz

e 250 kHz

e 125 kHz

¢ 31 kHz (LFINTOSC)

Note:  Following any Reset, the IRCF<2:0> bits of
the OSCCON register are setto ‘110’ and
the frequency selection is set to 4 MHz.
The user can modify the IRCF bits to
select a different frequency.

3.55 HFINTOSC AND LFINTOSC CLOCK
SWITCH TIMING

When switching between the LFINTOSC and the
HFINTOSC, the new oscillator may already be shut
down to save power (see Figure 3-6). If this is the case,
there is a delay after the IRCF<2:0> bits of the
OSCCON register are modified before the frequency
selection takes place. The LTS and HTS bits of the
OSCCON register will reflect the current active status
of the LFINTOSC and HFINTOSC oscillators. The
timing of a frequency selection is as follows:

1. IRCF<2:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a 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.
LTS and HTS bits of the OSCCON register are
updated as required.

6. Clock switch is complete.

See Figure 3-1 for more details.

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 new frequencies are derived from the HFINTOSC
via the postscaler and multiplexer.

Start-up delay specifications are located in the
oscillator tables of Section 15.0 “Electrical
Specifications”.

© 2007 Microchip Technology Inc.
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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.
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4.2.4 ULTRA LOW-POWER WAKE-UP

The Ultra Low-Power Wake-Up (ULPWU) on RAO
allows a slow faling voltage to generate an
interrupt-on-change on RAO without excess current
consumption. The mode is selected by setting the
ULPWUE bit of the PCON register. This enables a small
current sink which can be used to discharge a capacitor
on RAQ.

To use this feature, the RAO pin is first configured to output
‘1’ to charge the capacitor. Then interrupt-on-change for
RAOQ 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, the device will wake-up and execute the next
instruction. If the GIE bit of the INTCON register is set, the
device will call the interrupt service routine (0004h). See
Section 4.2.3 “Interrupt-on-Change” and
Section 12.4.3 “PORTA Interrupt-on-Change” 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 RAQ. 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
provide 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

BANKSEL CMCONO ;

MOVLW H'7' ;Turn off

MOVWEF CMCONO ;comparators
BANKSEL ANSEL ;

BCF ANSEL, 0 ;RAO to digital I/O
BCF TRISA,O ;Output high to
BANKSEL PORTA ;

BSF PORTA, 0 ;charge capacitor
CALL CapDelay ;

BANKSEL PCON ;

BSF PCON, ULPWUE ;Enable ULP Wake-up
BSF IOCA, 0 ;Select RAO IOC
BSF TRISA,O ;RAO0 to input
MOVLW B’10001000’ ;Enable interrupt
MOVWF INTCON ; and clear flag
SLEEP ;Wait for IOC

DS41202F-page 34
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4.2.5 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
individual functions such as the Comparator or the
ADC, refer to the appropriate section in this data sheet.

4.25.1 RAO/ANO/C1IN+/ICSPDAT/ULPWU

Figure 4-1 shows the diagram for this pin. The RAO pin
is configurable to function as one of the following:

a general purpose 1/0

an analog input for the ADC

an analog non-inverting input to the comparator
In-Circuit Serial Programming data

an analog input for the Ultra Low-Power Wake-Up

FIGURE 4-1: BLOCK DIAGRAM OF RAO

4252 RA1/AN1/C1IN-/VREF/ICSPCLK
Figure 4-2 shows the diagram for this pin. The RA1 pin

is
L]
L]

configurable to function as one of the following:

a general purpose 1/0

an analog input for the ADC

an analog inverting input to the comparator
a voltage reference input for the ADC
In-Circuit Serial Programming clock

Data Bus

Analog®
Input Mode

VDD

WR ) CK 6

WPUA ~

RD
WPUA
D Q ™~

1 I:;IV;ak

RAPU

WR CK =
-+
PORTA N @

WR K =

TRISA TP Q%
RD 'ﬂj

TRISA ] Analog®

RD ‘ﬂ

PORTA |

Input Mode

Y

1/0 Pin

R S

VT

ULPWUE

WR _|

I0CA ~
RD _

I0CA

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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4.3 PORTC EXAMPLE 4-3: INITIALIZING PORTC
PORTC is a general purpose I/O port consisting of 6 ii‘gism igi;g ’:Init PORTC
bidirectional pins. The pins can be configured for either MOVLW  07h ;Set RC<4,1:0> to
digital I/O or analog input to A/D Converter (ADC) or MOVWF  CMCONO ;digital I/0
Comparator. For specific information about individual BANKSEL ANSEL ;
functions such as the Enhanced CCP or the ADC, refer CLRF ANSEL ;digital I/0
to the appropriate section in this data sheet. MOVLW  0Ch iSet RC<3:2> as inputs
- MOVWF  TRISC ;and set RC<5:4,1:0>
Note:  The ANSEL and CMCONO registers must ;as outputs
be initialized to configure an analog chan- BCF STATUS, RPO ;Bank 0
nel as a digital input. Pins configured as
analog inputs will read ‘0’.
REGISTER 4-6: PORTC: PORTC REGISTER
uU-0 U-0 R/W-x R/W-x R/W-0 R/W-0 R/W-0 R/W-0
— — RC5 RC4 RC3 RC2 RC1 RCO
bit 7 bit 0
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

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RC<5:0>: PORTC I/O Pin bit
1 = PORTC pin is > VIH
0 = PORTC pinis < ViL
REGISTER 4-7: TRISC: PORTC TRI-STATE REGISTER
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
bit 7 bit 0
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

bit 7-6
bit 5-0

Unimplemented: Read as ‘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

DS41202F-page 40
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NOTES:
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8.10 Comparator Voltage Reference

The comparator voltage reference module provides an
internally generated voltage reference for the compara-
tors. The following features are available:

« Independent from Comparator operation

« Two 16-level voltage ranges

e Output clamped to Vss

« Ratiometric with VDD

The VRCON register (Register ) controls the voltage
reference module shown in Figure 8-8.

8.10.1 INDEPENDENT OPERATION

The comparator voltage reference is independent of
the comparator configuration. Setting the VREN bit of
the VRCON register will enable the voltage reference.

8.10.2 OUTPUT VOLTAGE SELECTION

The CVREF voltage reference has 2 ranges with 16
voltage levels in each range. Range selection is
controlled by the VRR bit of the VRCON register. The
16 levels are set with the VR<3:0> bits of the VRCON
register.

The CVREF output voltage is determined by the following
equations:

EQUATION 8-1: CVREF OUTPUT VOLTAGE

VRR = 1 (lowrange):
CVREF = (VR<3:0>/24) x VDD
VRR = 0 (high range):
CVREF = (VDD/4) + (VR<3:0> x VDD/32)

The full range of Vss to VDD cannot be realized due to
the construction of the module. See Figure 8-8.

8.10.3 OUTPUT CLAMPED TO Vss

The CVREF output voltage can be set to Vss with no
power consumption by configuring VRCON as follows:
* VREN=0

« VRR=1

¢ VR<3:0>=0000

This allows the comparator to detect a zero-crossing
while not consuming additional CVREF module current.

8.10.4 OUTPUT RATIOMETRIC TO VDD

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

VRCON: VOLTAGE REFERENCE CONTROL REGISTER

R/W-0 u-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN — VRR — VR3 VR2 VR1 VRO
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 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 bhit
1 = Low range
0 = High range
bit 4 Unimplemented: Read as ‘0’
bit 3-0 VR<3:0>: CVREF Value Selection hits (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

© 2007 Microchip Technology Inc. DS41202F-page 63
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FIGURE 9-2:

ANALOG-TO-DIGITAL CONVERSION TAD CYCLES

T(=:Y to TAE:) TaD1 TAD2  TAD3  TAD4  TAD5 , TAD6 TAD7 . TAD8  TAD9 TAD10 TAD11l

T b9 b8 b7 b6

Conversion Starts

Set GO/DONE bit

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

9.15 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an analog-to-digital
conversion. The ADC interrupt flag is the ADIF bit in the
PIR1 register. The ADC interrupt enable is the ADIE hit
in the PIE1 register. The ADIF bit must be cleared in
software.

Note:  The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP
instruction is always executed. If the user is attempting
to wake-up from Sleep and resume in-line code
execution, the global interrupt must be disabled. If the
global interrupt is enabled, execution will switch to the
interrupt service routine.

Please see Section 9.1.5 “Interrupts” for more
information.

9.1.6 RESULT FORMATTING

The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCONO register controls the output format.

Figure 9-4 shows the two output formats.

FIGURE 9-3: 10-BIT A/D CONVERSION RESULT FORMAT
ADRESH ADRESL
orm=o) [mse| [ | [ [ | oL fesel [ [ [ [ [ |
bit 7 bit 0 bit 7 bit 0
N g
10-bit A/D Result Unimplemented: Read as ‘0’
worm=1) [ [ | | [ [ fmss[ | [ [ [ [ | [ [ [uss]
bit 7 bit 0 bit 7 bit 0
Unimplemented: Read as ‘0’ 10-bit A/D Result
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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.
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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 of the EECONL1 register, as shown in Example 10-1.
The data is available, at 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

BANKSEL EEADR ;

MOVLW CONFIG_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

BANKSEL EECON1 ;

BSF EECON1,WREN ;Enable write
BCF INTCON,GIE ;Disable INTs
BTFSC INTCON,GIE ;See ANS576
GOTO $-2 ;
MOVLW 55h ;Unlock write
(9]

B2 MOVWF EECON2 ;

33 MOVLW AAh ;

& MOVWF  EECON2 ;
BSF EECON1,WR  ;Start the write
BSF INTCON,GIE ;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 of the
PIR1 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

BANKSELEEDAT ;

MOVF EEDAT, W ; EEDAT not changed
;from previous write

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

XORWF EEDAT, W

BTFSS STATUS, Z ;Is data the same
GOTO WRITE_ERR ;No, handle error
: ;Yes, continue

10.4.1 USING THE DATA EEPROM

The data EEPROM is a high-endurance, byte
addressable array that has been optimized for the
storage of frequently changing information (e.g.,
program variables or other data that are updated often).
When variables in one section change frequently, while
variables in another section do not change, it is possible
to exceed the total number of write cycles to the
EEPROM (specification D124) without exceeding the
total number of write cycles to a single byte
(specifications D120 and D120A). If this is the case,
then a refresh of the array must be performed. For this
reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory.
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11.4 PWM (Enhanced Mode)

The Enhanced PWM Mode can generate a PWM signal
on up to four different output pins with up to 10-bits of
resolution. It can do this through four different PWM
output modes:

« Single PWM

« Half-Bridge PWM

e Full-Bridge PWM, Forward mode

¢ Full-Bridge PWM, Reverse mode

To select an Enhanced PWM mode, the P1M bits of the
CCP1CON register must be set appropriately.

FIGURE 11-5:

EXAMPLE SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODE

The PWM outputs are multiplexed with 1/O pins and are
designated P1A, P1B, P1C and P1D. The polarity of the
PWM pins is configurable and is selected by setting the
CCP1M bits in the CCP1CON register appropriately.

Table 11-4 shows the pin assignments for each
Enhanced PWM mode.

Figure 11-5 shows an example of a simplified block
diagram of the Enhanced PWM module.

Note: To prevent the generation of an
incomplete waveform when the PWM is
first enabled, the ECCP module waits until
the start of a new PWM period before
generating a PWM signal.

CCP1<1:0> P1M<1:0>

CCP1M<3:0>

Duty Cycle Registers f

J(4

‘ CCPRIL ‘
‘ CCPRIH (Slave) ‘

L

‘ Comparator

{}

‘ TMR2 ‘ 1) ‘

Py
O

Comparator

Clear Timer2,

CCP1/P1A CCP1/P1A
TRIS

Controller

P1B P1B
TRIS

P1C P1C
TRIS

toggle PWM pin and
latch duty cycle

time base.

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

P1D P1D
TRIS

Note 1: The TRIS register value for each PWM output must be configured appropriately.
2. Clearing the CCP1CON register will relinquish ECCP control of all PWM output pins.
3: Any pin not used by an Enhanced PWM mode is available for alternate pin functions

TABLE 11-4: EXAMPLE PIN ASSIGNMENTS FOR VARIOUS PWM ENHANCED MODES

ECCP Mode P1M CCP1/P1A P1B P1C P1D
Single 00 Yes No No No
Half-Bridge 10 Yes Yes No No
Full-Bridge, Forward 01 Yes Yes Yes Yes
Full-Bridge, Reverse 11 Yes Yes Yes Yes
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12.2 Calibration Bits

Brown-out Reset (BOR), Power-on Reset (POR) and
8 MHz internal oscillator (HFINTOSC) are factory cali-
brated. These calibration values are stored in fuses
located in the Calibration Word (2009h). The Calibra-
tion Word is not erased when using the specified bulk
erase sequence in the “PIC12F6XX/16F6XX Memory
Programming Specification” (DS41244) and thus, does
not require reprogramming.

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 Reset (BOR)

FIGURE 12-1:

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:

¢ Power-on Reset

« MCLR Reset

« MCLR Reset during Sleep
* WDT Reset

« Brown-out Reset (BOR)

WDT wake-up does not cause register resets in the
same manner as a WDT Reset since wake-up 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. Software can use
these bits 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.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

Reset
7

MCLR/VPP pin
SLEEP
WDT WDT
Module [ Time-out
Reset
o VDD Rise

Power-on Reset

Detect
VDD
Brown-out(®)
Reset BOREN
SBOREN

OST/PWRT
OST

CLKI pin

Chip_Reset
R Q —

10-bit Ripple Counter }j
OSCl/

PWRT
LFINTOSC—I> 11-bit Ripple Counter }_

Enable PWRT

Enable OST

Note 1: Refer to the Configuration Word register (Register 12-1).
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12.10 In-Circuit Serial Programming

The PIC16F684 microcontrollers can be serially
programmed while in the end application circuit. This is
simply done with five connections for:

* clock

» data

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 Program/Verify mode.

A typical In-Circuit Serial Programming connection is
shown in Figure 12-11.

FIGURE 12-11: TYPICAL IN-CIRCUIT
SERIAL PROGRAMMING
CONNECTION
To Normal
Connections
External .
Connector !
Signals : PIC16F684
+5V —— . VDD
ov Vss
Vep . MCLR/VPP/RA3
CLK — T RAL
Data I/0 ® RAO

[ﬂ

To Normal
Connections

* |solation devices (as required)

12.11 In-Circuit Debugger

Since in-circuit debugging requires access to three
pins, MPLAB® ICD 2 development with a 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
I/O pins ICDCLK, ICDDATA
Stack 1level

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
NC wfft Y20 [J<=ICDCLK
ICDMCLR/VPP —»-[]2 19 []<= ICDDATA
Vob —[]3 8 18[]=— Vss
RA5 «»[|4 = 17[]<= RAO
RA4 <~[]5 % 16[]== RAL
RA3 <=[]6 % 15[]=—> RA2
RC5 <«=]7 « 14[]«> RCO
RC4<+[]8 2 13]l~RC1
RC3 <=[]9 12[]<=RC2
ICD —[]10 11]] NC
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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.

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 ‘' 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
nominal instruction execution time of 1pus. 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.

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 PORTA instruction will read
PORTA, clear all the data bits, then write the result back
to PORTA. This example would have the unintended
consequence of clearing the condition that set the RAIF
flag.

TABLE 13-1: OPCODE FIELD
DESCRIPTIONS

Field Description

f | Register file address (0x00 to Ox7F)

Bit address within an 8-bit file register

W | Working register (accumulator)
b
k

Literal field, constant data or label

x | 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.
Defaultisd=1.

PC | Program Counter

TO |Time-out bit

C | Carry bit
DC | Digit carry bit
Zero 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 = o for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 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 GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value
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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 — ()
1-Z

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)
1-5Z

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-T0
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
de [0,1]

Operation: (/) — (destination)

Status Affected: Z

Description: The contents of register ‘f’ 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
de [0,1]

Operation: (f) - 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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FIGURE 16-6: MAXIMUM IpD vs. Vbb OVER Fosc (XT MODE)
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FIGURE 16-7: TYPICAL Ipp vs. VDD OVER Fosc (EXTRC MODE)
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FIGURE 16-8: MAXIMUM IpD vs. Vbb OVER Fosc (EXTRC MODE)
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FIGURE 16-9: IbD vs. VDD OVER Fosc (LFINTOSC MODE, 31 kHz)
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NOTES:
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