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PIC16F913/914/916/917/946

TABLE 1-1: PIC16F91X/946 PINOUT DESCRIPTIONS
Name Function I_Ir_1yppu: O.IE;t ;’:t Description
RAO/AN0/C1-/SEG12 RAO TTL | CMOS | General purpose /0.
ANO AN — Analog input Channel 0.
C1- AN — Comparator 1 negative input.
SEG12 — AN LCD analog output.
RA1/AN1/C2-/SEG7 RA1 TTL | CMOS | General purpose /0.
AN1 AN — Analog input Channel 1.
C2- AN — Comparator 2 negative input.
SEG7 — AN LCD analog output.
RA2/AN2/C2+/VREF-/COM2 RA2 TTL | CMOS | General purpose /0.
AN2 AN — Analog input Channel 2.
C2+ AN — Comparator 2 positive input.
VREF- AN — External A/D Voltage Reference — negative.
COM2 — AN LCD analog output.
RA3/AN3/C1+/VREF+/COM3(1)/ RA3 TTL | CMOS | General purpose I/O.
SEG15 AN3 AN — | Analog input Channel 3.
C1+ AN — Comparator 1 positive input.
VREF+ AN — External A/D Voltage Reference — positive.
com3M | — AN | LCD analog output.
SEG15 — AN LCD analog output.
RA4/C10UT/TOCKI/SEG4 RA4 TTL | CMOS | General purpose I/O.
C10uUT — CMOS | Comparator 1 output.
TOCKI ST — TimerO clock input.
SEG4 — AN LCD analog output.
RA5/AN4/C20UT/SS/ISEGS RA5 TTL | CMOS | General purpose I/O.
AN4 AN — Analog input Channel 4.
C20UT — CMOS | Comparator 2 output.
Ss TTL — Slave select input.
SEG5 — AN LCD analog output.
RA6/0SC2/CLKOUT/T10S0O RA6 TTL | CMOS | General purpose 1/0.
0SC2 — XTAL | Crystal/Resonator.
CLKOUT — CMOS | Tosc/4 reference clock.
T10S0O — XTAL | Timer1 oscillator output.
RA7/0SC1/CLKIN/T10SI RA7 TTL | CMOS | General purpose /0.
0SscC1 XTAL — Crystal/Resonator.
CLKIN ST — Clock input.
T10SI XTAL — Timer1 oscillator input.
RBO/INT/SEGO RBO TTL | CMOS | General purpose I/O. Individually enabled pull-up.
INT ST — External interrupt pin.
SEGO — AN LCD analog output.
Legend: AN = Analog inputoroutput CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels P = Power
HV = High Voltage XTAL = Crystal
COMS3 is available on RA3 for the PIC16F913/916 and on RDO for the PIC16F914/917 and PIC16F946.

Note 1:

2:
3: Pins available on PIC16F946 only.
4: |2C Schmitt trigger inputs have special input levels.

Pins available on PIC16F914/917 and PIC16F946 only.
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PIC16F913/914/916/917/946

2222 OPTION register
. . . T Note: To achieve a 1:1 prescaler assignment for
Feadable and wridble register which contain varous Timer0, assign the presoaler o the WDT by
control bits to configure: ’ setting PSA bit of the OPTION register to
’ ‘1. See Section 6.3 “Timer1 Prescaler”.
* TimerO/WDT prescaler
» External RBO/INT interrupt
e TimerQ
» Weak pull-ups on PORTB
REGISTER 2-2: OPTION_REG: OPTION REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
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’ = Bitis cleared x = Bit is unknown

bit 7 RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual bits in the WPUB register
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (FOsSc/4)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO 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
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NOTES:
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3.2.1.3 RA2/AN2/C2+/VREF-/COM2

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

» ageneral purpose |/O

* an analog input for the ADC

* an analog input for Comparator C2

» avoltage reference input for the ADC

» an analog output for the LCD

FIGURE 3-3: BLOCK DIAGRAM OF RA2
Data Bus D Q {/0/
— VDD
WR PORTA CK~_3
Data Latch % {E
+D Q /0 Pin
— Vss
WR TRISA | CK_Q
TRIS Latch Analog Input or
LCDEN and
¢ LMUX<1:0> = 1X
RD TRISA LCDEN and TTL
LMUX<1:0> = 1X Input Buffer
RD PORTA
LCDEN and
COM?2 LMUX<1:0> = 1X |
o
__To A/D Converter and Comparator
To A/D Module VREF- Input
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3.4.3.7 RB6/ICSPCLK/ICDCK/SEG14
Figure 3-12 shows the diagram for this pin. The RB6
pin is configurable to function as one of the following:
» ageneral purpose |/O

« an In-Circuit Serial Programming™ clock

* an ICD clock input

» an analog output for the LCD

FIGURE 3-12: BLOCK DIAGRAM OF RB6

Program Mode/ICD Mode
WPUB<6> \/DD

RBPU Weak
9 P
SE14 and LCDEN Pull-up VDD

Data Bus D Q | . ? @

Q

(o]

I/O Pin
WR PORTB CKL
Vss

Data Latch

D Q
WR TRISB CK ~_ SE14 and LCDEN
TRIS Latch TTL
Input Buffer

RD TRISB ~

RD PORTB | ]i

D Qr
*—|
WR IOC _
CK™_Q
—Q D
RD IOC EN Q1
Set RBIF /—';7
Interrupt-on-< Q S _< 7E Program Mode/ICD
Char?ge — g

From other G: Q D

R RB<7:4> pins
j EN — RD PORTB
Write ‘0’ to RBIF
Schmitt Trigger
ICSPCLK /_’o— Program Mode or ICD Mode or (SE14 and LCDEN)
|

SE14 and LCDEN - - - -
SEG14 s
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443 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 4-3). The mode selects a low,
medium or high gain setting of the internal
inverter-amplifier to support various resonator types
and speed.

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

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

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

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

FIGURE 4-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
A OSC1/CLKIN. :
| T !
C1 ! !
Quartz
Crystal
c2 Rs( OSC2/CLKOUT
Note 1: A series resistor (Rs) may be required for
quartz crystals with low drive level.
2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

Note 1:

Quartz crystal characteristics vary according
to type, package and manufacturer. The
user should consult the manufacturer data
sheets for specifications and recommended
application.

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

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

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

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

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

* AN949, “Making Your Oscillator Work”
(DS00949)

FIGURE 4-4:

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

C2

Note 1:

To Internal

Ceramic  Rs™M OSC2/CLKOUT

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.

DS41250F-page 90
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444 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 4-5 shows
the external RC mode connections.

FIGURE 4-5: EXTERNAL RC MODES
Vop PIC® MCU
REXT
OSC1/CL1<IN Internal

N Clock
CEXTL l:\ *
Vss I N

Fosc/4 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.

4.5 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 4-2).

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 4.6
“Clock Switching” for more information.

4.5.1 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). See Section 16.0 “Special
Features of the CPU” for more information.

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
signal 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 I/O.

452 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 4-2).

The output of the HFINTOSC connects to a postscaler
and multiplexer (see Figure 4-1). One of seven
frequencies can be selected via software using the
IRCF<2:0> bits of the OSCCON register. See
Section 4.5.4 “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.
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453 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 4-1). Select 31 kHz, via
software, using the IRCF<2:0> bits of the OSCCON
register. See Section 4.5.4 “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> bits 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> bits of the
OSCCON register = 000

* Power-up Timer (PWRT)

» 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.

454 FREQUENCY SELECT BITS (IRCF)

The output of the 8 MHz HFINTOSC and 31 kHz
LFINTOSC connects to a postscaler and multiplexer
(see Figure 4-1). 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

* 4 MHz (Default after Reset)

* 2MHz

* 1MHz

* 500 kHz

» 250 kHz

* 125 kHz

31 kHz (LFINTOSC)

Note:  Following any Reset, the IRCF<2:0> bits of
the OSCCON register 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.

4.5.5 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 (see Figure 4-6). 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 4-1 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 under the
oscillator parameters of Section19.0 “Electrical
Specifications”.

© 2007 Microchip Technology Inc.
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6.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMR1L register pair will increment on multiples
of Tcy as determined by the Timer1 prescaler.

6.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When counting, Timer1 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 mode, a falling edge must be registered by
the counter prior to the first incrementing rising edge
after one or more of the following conditions:

« Timer1 is enabled after POR or BOR Reset
* A write to TMR1H or TMR1L

* T1CKlI is high when Timer1 is disabled and when
Timer1 is reenabled T1CKI is low. See Figure 6-2.

6.3 Timer1 Prescaler

Timer1 has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The T1CKPS bits of the
T1CON register 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 TMR1L.

6.4 Timer1 Oscillator

A low-power 32.768 kHz crystal oscillator is built-in
between pins OSC1 (input) and OSC2 (amplifier output).
The oscillator is enabled by setting the T1OSCEN
control bit of the T1ICON register. The oscillator will
continue to run during Sleep.

The Timer1 oscillator is shared with the system LP
oscillator. Thus, Timer1 can use this mode only when
the primary system clock is derived from the internal
oscillator or when in LP oscillator mode. The user must
provide a software time delay to ensure proper oscilla-
tor start-up.

TRISA7 and TRISA6 bits are set when the Timer1
oscillator is enabled. RA7 and RABG bits read as ‘0’ and
TRISA7 and TRISAG bits read as ‘1’.

Note: The oscillator requires a start-up and
stabilization time before use. Thus,
T10SCEN should be set and a suitable

delay observed prior to enabling Timer1.

6.5 Timer1 Operation in
Asynchronous Counter Mode

If control bit TISYNC of the T1CON register 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
Timer1 in Asynchronous Counter Mode”).

Note 1: When switching from synchronous to
asynchronous operation, it is possible to
skip an increment. When switching from
asynchronous to synchronous operation,
it is possible to produce an additional
increment.

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
contention may occur by writing to the timer registers,
while the register is incrementing. This may produce an
unpredictable value in the TMR1H:TMR1L register pair.

6.6 Timer1 Gate

Timer1 gate source is software configurable to be the
T1G pin or the output of Comparator C2. This allows the
device to directly time external events using T1G or
analog events using Comparator C2. See the CMCON1
register (Register 8-2) for selecting the Timer1 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: TMR1GE bit of the T1CON register must be
set to use the Timer1 gate.

Timer1 gate can be inverted using the T1GINV bit of
the T1CON register, whether it originates from the T1G
pin or Comparator C2 output. This configures Timer1 to
measure either the active-high or active-low time
between events.

© 2007 Microchip Technology Inc.
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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/O): independent of
comparator

The port pins denoted as “A” will read as a ‘0’
regardless of the state of the I/O pin or the 1/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.

DS41250F-page 112

© 2007 Microchip Technology Inc.



PIC16F913/914/916/917/946

FIGURE 10-3: LCD CLOCK GENERATION
F 2sS2
0scT#8192 0030
~_ ~_ SRSRSRS)
T10SC 32 kHz | | 4 [ Static T T T T

Crystal Osc.

+1,2,3,4
12 —{ 4-bit Prog Presc l— Ring; C,O?J’nter

113,
LFINTOSC [ [ ] | 1/4 T
Nominal = 31 kHz | "2 1 rd LP<3:0>

? ? : LMUX<1:0>

(LCDPS<3:0>) (LCDCON<1:0>)
CS<1:0> LMUX<1:0>

(LCDCON<3:2>) (LCDCON<1:0>)
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REGISTER 11-1: LVDCON: LOW-VOLTAGE DETECT CONTROL REGISTER

uU-0 u-0 R-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— — IRVST(") LVDEN — LVDL2 LVDL1 LVDLO
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 IRVST: Internal Reference Voltage Stable Status Flag bit(1)
1 = Indicates that the PLVD is stable and PLVD interrupt is reliable
0 = Indicates that the PLVD is not stable and PLVD interrupt must not be enabled
bit 4 LVDEN: Low-Voltage Detect Module Enable bit
1 = Enables PLVD Module, powers up PLVD circuit and supporting reference circuitry
0 = Disables PLVD Module, powers down PLVD circuit and supporting reference circuitry
bit 3 Unimplemented: Read as ‘0’
bit 2-0 LVDL<2:0>: Low-Voltage Detection Level bits (nominal values)(s)
111 =45V
110=4.2V
101 =4.0V
100 = 2.3V (default)
011=2.2V
010=21V
001 =2.0v@
000 = Reserved
Note 1: The IRVST bit is usable only when the HFINTOSC is running.
2: Not tested and below minimum operating conditions.
3: See Section 19.0 “Electrical Specifications”.
TABLE 11-1: REGISTERS ASSOCIATED WITH PROGRAMMABLE LOW-VOLTAGE DETECT
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF [0000 000x|0000 000x
LVDCON — — IRVST | LVDEN — LvDL2 | LVDL1 | LVDLO |--00 -100(--00 -100
PIE2 OSFIE | C2IE C1IE LCDIE — LVDIE — CCP2IE |0000 -0-0|0000 -0-0
PIR2 OSFIF C2IF C1IF LCDIF — LVDIF — CCP2IF {0000 -0-0{0000 -0-0
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used by the PLVD module.

© 2007 Microchip Technology Inc.
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FIGURE 12-4: ANALOG INPUT MODEL

Legend: CPIN
\A

Ric
SS
CHOLD

Note 1:

VDD

Samplin
Switc?h 9

Ric<1k '+ SS Rss:

AA

% VT=0.6V
ANXx
W——<] '

N _L
oF T VT =06V

|||—0

= Input Capacitance
= Threshold Voltage

| LEAKAGE = Leakage current at the pin due to
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FIGURE 12-5: ADC TRANSFER FUNCTION
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NOTES:
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14.12.1 ADDRESSING

Once the SSP module has been enabled, it waits for a
Start condition to occur. Following the Start condition,
the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of register SSPADD <7:1>. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit, BF is set.
c) An ACK pulse is generated.

d) SSPinterrupt flag bit, SSPIF of the PIR1 register
is set (interrupt is generated if enabled) on the
falling edge of the ninth SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave (Figure 14-8). The five Most
Significant bits (MSbs) of the first address byte specify
if this is a 10-bit address. Bit R/W (SSPSTAT<2>) must
specify a write so the slave device will receive the
second address byte. For a 10-bit address, the first
byte would equal ‘1111 0 A9 A8 0’, where A9 and
A8 are the two MSbs of the address.

The sequence of events for 10-bit address is as
follows, with steps 7-9 for slave-transmitter:

1. Receive first (high) byte of address (bits SSPIF,
BF and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of address (bits
SSPIF, BF and UA are set).

5. Update the SSPADD register with the first (high)
byte of address; if match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive repeated Start condition.

8. Receive first (high) byte of address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

TABLE 14-3: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data —_— Set bit SSPIF
Transfer is Received SSPSR —> SSPBUF Gen:r:ltseeACK (SSP Interrupt occurs
BF SSPOV if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

Note:  Shaded cells show the conditions where the user software did not properly clear the overflow condition.
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16.2.6 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 16-4, Figure 16-5 and Figure
16-6 depict time-out sequences. The device can exe-
cute code from the INTOSC while OST is active, by
enabling Two-Speed Start-up or Fail-Safe Monitor (see
Section 4.7.2 “Two-Speed Start-up Sequence” and
Section 4.8 “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 16-5). This is useful for testing purposes or
to synchronize more than one PIC16F91X/946 device
operating in parallel.

Table 16-5 shows the Reset conditions for some
special registers, while Table 16-5 shows the Reset
conditions for all the registers.

16.2.7 POWER CONTROL (PCON)

REGISTER

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

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

Bit 1 is POR (Power-on Reset). Itis a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘1’ 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 16.2.4 “Brown-Out
Reset (BOR)”.

TABLE 16-1: TIME-OUT IN VARIOUS SITUATIONS
Power-up Brown-out Reset .
Oscillator Configuration Wakglup from
PWRTE = 0 PWRTE =1 PWRTE = 0 PWRTE = 1 eep
XT, HS, LPM TPWRT+ 1024+ | 1024 « TosC | TPWRT+ 1024+ | 1024 « TosC 1024 - Tosc
Tosc Tosc
RC, EC, INTOSC TPWRT — TPWRT — —
Note 1: LP mode with T1OSC disabled.
TABLE 16-2: PCON BITS AND THEIR SIGNIFICANCE
POR | BOR To PD Condition
0 u 1 1 Power-on Reset
1 0 1 1 Brown-out Reset
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 16-3: SUMMARY OF REGISTERS ASSOCIATED WITH BROWN-OUT
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR (1)
Resets
STATUS IRP RP1 RPO TO PD Z DC C 0001 1xxx | 000g quuu
PCON — — — |SBOREN| — — POR BOR | --01 --gg | --0u --uu
Legend: u=unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, g = value depends on condition. Shaded cells are not
used by BOR.
Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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19.2 DC Characteristics: PIC16F913/914/916/917/946-I (Industrial)
PIC16F913/914/916/917/946-E (Extended)

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

Conditions
Pi‘ram Device Characteristics | Min. | Typt | Max. | Units
0. VDD Note
D010 |Supply Current (Ibp){:2) | — 13 19 HA 2.0 |Fosc =32kHz

— 22 30 HA 3.0 |LP Oscillator mode
— 33 60 uA 5.0

DO11* — 180 250 UA 20 |Fosc=1MHz

_ 290 400 nA 3.0 |XT Oscillator mode
— 490 650 UA 5.0
D012 — 280 380 UA 2.0 |Fosc=4MHz

_ 480 670 A 3.0 |XT Oscillator mode
— 0.9 1.4 mA 5.0
D013* — 170 295 A 20 |Fosc=1MHz

_ 280 480 A 3.0 |EC Oscillator mode
— 470 690 UA 5.0
D014 — 290 450 A 2.0 |Fosc=4MHz

_ 490 720 A 3.0 |EC Oscillator mode
— 0.85 1.3 mA 5.0
D015 — 8 20 A 2.0 |Fosc=31kHz
— 16 40 A 3.0 |LFINTOSC mode
— 31 65 UA 5.0
D016* — 416 520 A 2.0 |Fosc=4MHz

_ 640 840 A 30 |HFINTOSC mode
— 1.13 1.6 mA 5.0
D017 — 0.65 0.9 mA 2.0 |Fosc=8MHz

— 1.01 13 mA 3.0 |HFINTOSC mode
— 1.86 23 mA 5.0
D018 — 340 580 UA 2.0 |Fosc=4MHz
— | 550 | 900 A 30 |EXTRC mode®
— 0.92 1.4 mA 5.0

D019 — 3.8 4.7 mA 45 |Fosc=20MHz
— 4.0 48 mA 50 |HS Oscillator mode

* 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: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave,
from rail-to-rail; all /O pins tri-stated, pulled to VDD; MCLR = VDD; WDT disabled.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as /O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have
an impact on the current consumption.

3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can
be extended by the formula IR = VDD/2REXT (mA) with REXT in kQ.
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19.5 DC Characteristics: PIC16F913/914/916/917/946-I (Industrial)
PIC16F913/914/916/917/946-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
Pilrgm Sym. Characteristic Min. Typt | Max. |Units Conditions
VIL Input Low Voltage
I/O Port:
D030 with TTL buffer Vss — 0.8 V |45V <VDD<5.5V
DO30A Vss — 0.15 VbD V  |2.0V<VDD<4.5V
D031 with Schmitt Trigger buffer Vss — 0.2 VDD V |2.0V<VDD<5.5V
D032 MCLR, OSC1 (RC mode)" Vss — | 02vop | V
D033 OSC1 (XT mode) Vss — 0.3 \%
DO33A OSC1 (HS mode) Vss — 0.3 VDD \%
VIH Input High Voltage
I/O ports: —
D040 with TTL buffer 2.0 — VDD V |45V <VDD <5.5V
DO40A 0.25 VDD + 0.8 — VDD V  [2.0V<VDD<4.5V
D041 with Schmitt Trigger buffer 0.8 VDD — VDD V [2.0V<VDD<5.5V
D042 MCLR 0.8 VoD — VDD v
D043 OSC1 (XT mode) 1.6 — VDD Y
DO043A OSC1 (HS mode) 0.7 VbD — VDD \%
D043B 0SC1 (RC mode) 0.9 VDD — VDD V  |(Note 1)
liL Input Leakage Current®
D060 1/0O ports — +0.1 +1 HA  |VSs < VPIN £VDD,
Pin at high-impedance
D061 MCLR® — +0.1 +5 HA  |Vss < VPIN < VDD
D063 OSC1 — +0.1 +5 HA  |VsSs < VPIN £VDD, XT, HS and
LP oscillator configuration
DO070* |IPUR PORTB Weak Pull-up Current 50 250 400 pA  |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(5)
D090 1/0 ports Vbbb -0.7 — — V  |IoH =-3.0 mA, VDD = 4.5V (Ind.)

* These parameters are characterized but not tested.
1 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 13.0 “Data EEPROM and Flash Program Memory Control” for additional information.
5: Including OSC2 in CLKOUT mode.
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FIGURE 19-5: CLKOUT AND I/O TIMING
Cycle Write Fetch Read Execute
Fosc W :
' : : 54:_:_>50320 , . :
CLKOUT AN .— 0821 L |
L = 0819 : .-—-'0816 = =—0S18 I
: : <—~OS13 ._,.0317 ! :
////////////////////M' W/////////////////:
(Input) : '
I <—os15—~ 0S14 :
I(/Oou?riJTJt) Old Value f A : : New Value E
' —~! '« 0S18, 0519 ' !
TABLE 19-3: CLKOUT AND I/O TIMING PARAMETERS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA< +125°C
Pi{:m Symbol Characteristic Min. Typt| Max. |Units| Conditions
OS11  |TosH2ckL |[FoscT to CLKOUT! ™ — — [ 70 | ns |[VDD=5.0V
0S12  |TosH2ckH |FoscT to CLKOUTT () — — | 72 | ns |VDD=5.0V
0S13  |TckL2i0V  |CLKOUT! to Port out valid(" — — | 20 | ns
0S14 |TioV2ckH |Port input valid before CLKOUTT( | Tosc+200ns| — | — | ns
0S15* |TosH2i0V |FoscT (Q1 cycle) to Port out valid — 50 70 ns |VDD =5.0V
0S16 |TosH2iol FoscT (Q2 cycle) to Port input invalid 50 — — ns |VbD = 5.0V
(/O in hold time)
0S17 |TioV20sH |Port input valid to FoscT (Q2 cycle) 20 — — ns
(I/O in setup time)
0S18 |TIoR Port output rise time(?) — 15 | 72 | ns |VDD=2.0V
— 40 32 VDD = 5.0V
0S19 |TioF Port output fall time(?) — 28 | 55 | ns |VDD=2.0V
— 15 30 VDD = 5.0V
0S20* |TINP INT pin input high or low time 25 — — ns
0S21* |TrRAP PORTA interrupt-on-change new input Tey — — ns
level time

These parameters are characterized but not tested.

1 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.
2: Includes OSC2 in CLKOUT mode.
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FIGURE 20-20: WDT PERIOD vs. TEMPERATURE (VDD = 5.0V)
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FIGURE 20-21: CVREF IPD vs. VDD OVER TEMPERATURE (HIGH RANGE)
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